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Abstract  

Toilet	   flushing	   is	   the	   single	   highest	   use	  of	  water	   in	   the	   average	  home.	   Toilets	  make	  up	   about	   31%	  of	  

overall	  household	  water	  consumption.	  Most	  WC	  bowls	  used	  in	  western	  countries	  are	  fitted	  with	  a	  water	  

trap	  that	  uses	  a	  large	  amount	  of	  water	  for	  preventing	  odor	  from	  the	  sewers	  from	  traveling	  back	  into	  the	  

room.	   The	   current	  market	   standards	   differ	   between	   6/3	   liters	   and	   4,5/3	   liters	   using	   this	   system,	   and	  

latest	   developments	   have	   proven	   that	   the	   water	   flush	   cannot	   be	   reduced	   further.	   Because	   of	   this,	  

finding	  a	  way	  to	  replace	  the	  current	  water	  trap	  with	  another	  mechanical	  solution	  is	  the	  main	  objective	  

for	  this	  project.	   

The	  basis	  of	  this	  project	  is	  to	  develop	  a	  mechanical	  flapper	  that	  would	  work	  automatically	  with	  the	  help	  

of	  springs	  that	  would	  allow	  for	  a	  significant	  flush	  water	  reduction.	  

Key	  words:	  toilets,	  water	  consumption,	  flapper,	  odor	  prevention. 

Introduction  

1.1  Company  &  Program  Background  

The	  company	  Roca	  first	  began	  its	  business	  creating	  cast	  iron	  radiators	  for	  domestic	  heating,	  but	  is	  now	  

well	   known	   for	   its	   china	   bathroom	   appliances	   which	   it	   began	   production	   of	   in	   1936.	   Today,	   Roca’s	  

commercial	   network	   spreads	   over	   135	   countries	   supplied	   by	   its	   76	   production	   plants	   and	  more	   than	  

20.000	  employees	  worldwide.	  	  

Roca’s	   original	   and	   still	   principal	   factory	   is	   located	   in	   Gavà,	   and	   now	   collaborates	   with	   the	   Escola	  

Politenica	   Superior	   d’Enginyeria	   de	   Vilanova	   I	   la	   Geltru	   (EPSEVG)	   and	   its	   European	   Project	   Semester	  

(EPS)	  and	  International	  Design	  Project	  Semester	  (IDPS)	  programs.	  	  

Collaboration	  with	  the	  EPS	  program	  gives	  the	  company	  the	  opportunity	  to	  develop	  projects	  related	  to	  

water	  culture	  from	  a	  multidisciplinary	  perspective	  and	  profit	  from	  the	  academic	  supervision	  offered	  by	  

the	  School	  of	  Engineering.	  	  

The	   project	   team	   includes	   two	   Mechanical	   Engineers:	   Marcel	   Carrera	   and	   Sierra	   Lunsford	   and	   two	  

Industrial	  designers:	   John	  Egan	  and	  Valeria	  Flores.	  They	  are	  supervised	  by	   their	  project	  manager	   from	  

EPSEVG,	  Nora	  Martinez,	  and	  the	  Roca	  Innovation	  Lab	  project	  manager,	  Jordi	  Corral.	  	  	  
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1.2  Project  Overview  

Most	  WC	   bowls	   used	   in	   western	   countries	   are	   fitted	  with	   a	   water	   trap	   that	   prevents	   odor	   from	   the	  

sewers	  from	  traveling	  back	  into	  the	  room.	  This	  water	  trap	  system	  for	  the	  standard	  toilet	  was	  developed	  

in	   1775,	   and	   there	  has	   been	   little	  modification	   to	   the	   functionality	   of	   the	  method	   since.	   Because	   the	  

water	  trap	  system	  has	  been	  so	  effective,	  there	  has	  been	  no	  urgent	  need	  to	  change	  it.	  	  

However,	   Roca	   has	   always	   been	   attentive	   to	   the	   changes	   in	   society	   related	   to	  water	   culture	   since	   it	  

began	  its	  production	  of	  bathroom	  appliances,	  and	  latest	  developments	  have	  proven	  that	  the	  water	  flush	  

cannot	  be	  reduced	  further.	  The	  current	  market	  standards	  differ	  between	  6/3	  liters	  and	  4,5/3	  liters	  using	  

this	  system.	  Therefore,	  this	  year	  the	  company	  has	  assigned	  the	  EPS	  team	  the	  project	  of	  designing	  a	  new	  

system	  for	  a	  standard	  toilet	  to	  reduce	  the	  water	  consumption	  of	  the	  flush.	  	  

The	  main	   objective	   for	   this	   project	   is	   to	   replace	   the	   water	   trap	   in	   the	   toilet	   with	   a	   mechanical	   trap	  

system	  that:	  	  

• Meets	  the	  same	  functions	  as	  the	  current	  water	  trap	  

• Provides	  an	  equally	  robust	  back	  odor	  prevention	  by	  keeping	  an	  equivalent	  water	  seal,	  	  

• Allows	  for	  a	  significant	  flush	  water	  reduction.	  

1.3  Use  Case  

There	  are	  several	  benefits	  to	  reducing	  the	  amount	  of	  toilet	  water	  per	  flush.	  Today,	  toilet	  flushing	  is	  the	  

single	   highest	   use	   of	   water	   in	   the	   average	   home,	   making	   up	   about	   31%	   of	   overall	   household	   water	  

consumption,	  with	  the	  average	  person	  flushing	  five	  times	  a	  day.	  Thus	  the	  more	  the	  water	  is	  reduced,	  the	  

cheaper	  the	  water	  bill	  will	  be	  in	  the	  household.	  If	  the	  new	  design	  is	  successful,	  the	  occidental	  toilet	  user	  

will	  be	  using	  an	  eco-‐friendly	  product	  without	  even	  noticing	  the	  change.	  	  

In	   addition,	   one	   aim	   of	   this	   project	   is	   to	   make	   the	   design	   applicable	   for	   use	   in	   for	   undeveloped	  

environments	  where	  latrines	  are	  the	  common	  form	  of	  waste	  disposal,	  such	  as	  some	  regions	  of	  India	  and	  

Africa.	   In	   these	   areas,	   where	   water	   is	   an	   extremely	   valuable	   resource,	   reducing	   the	   waste	   of	   water	  

becomes	  an	  obvious	  need.	  Due	  to	  a	  lack	  of	  economic	  resources	  in	  such	  areas,	   it	   is	   imperative	  that	  the	  

solution	   be	   as	   simple	   as	   possible	   to	   require	  minimal	  maintenance	   and	  water	   consumption,	  while	   still	  

ensuring	  a	  safe	  and	  hygienic	  toilet.	  The	  current	  latrines	  use	  dry	  toilets	  and	  do	  not	  waste	  water,	  but	  they	  

require	   a	   high	   amount	   of	   maintenance	   which	   is	   often	   neglected	   in	   such	   regions	   to	   ensure	   proper	  



	  

8	  

hygienic	  removal	  of	  the	  waste.	  	  So	  the	  development	  of	  a	  simple	  and	  cheap	  toilet	  which	  can	  be	  plugged	  

to	   any	   water	   source	   can	   benefit	   not	   only	   the	   toilet	   company,	   but	   thousands	   of	   poor	   people	   with	   a	  

hygienic	  way	  of	  doing	  their	  needs	   	  
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2  Project  Management  

This	   project	  will	   be	  managed	  using,	   but	   not	   limited	   to,	   aspects	   of	   the	   Scrum	  Methodology.	   This	   is	   an	  

iterative	   project	   management	   methodology	   that	   thrives	   in	   situations	   where	   requirements	   constantly	  

shift.	   Scrum	   delivers	   products	   in	   short	   cycles	   that	   allow	   for	   quick	   feedback	   and	   a	   rapid	   response	   to	  

change.	  Teams	  work	  off	  of	  time	  units	  called	  “sprints”,	  which	  can	  range	  from	  a	  week	  to	  a	  month.	  Each	  

sprint	  must	  end	   in	  a	  usable	  product.	   Sprint	  also	  emphasizes	  a	   strong	   team	  dynamic,	  with	   regular	  and	  

close	   collaboration	   between	   team	   members.	   The	   main	   tools	   being	   used	   to	   manage	   this	   project	   are	  

described	  below	  and	  include:	  Trello,	  Work	  Breakdown	  Structure,	  Gantt	  chart,	  and	  RACI	  Matrix.	  	  

2.1  Trello  

Trello	   is	   a	   collaboration	   tool,	  which	   organizes	   projects	   into	   boards.	   It	   is	   essentially	   an	   online	   agenda,	  

which	  allows	  the	  team	  to	  quickly	  see	  what	  tasks	  are	  being	  worked	  on,	  who	  is	  assigned	  to	  each	  task,	  and	  

where	  each	  task	  is	  in	  a	  process.	  For	  this	  project	  the	  team	  also	  uses	  this	  application	  to	  organize	  sprints,	  

and	  alternates	  project	  managers	  between	  each	  sprint.	  The	  project	  manager	  for	  the	  current	  sprint	   is	   in	  

charge	  of	  the	  Trello	  board;	  they	  create	  cards	  for	  each	  task,	  assign	  members	  to	  the	  cards,	  and	  move	  the	  

cards	   according	   to	   their	   progress	   into	   boards	   titled	   “To	  Do,”	   “Doing”,	   or	   “Done.”	   The	  UPC	   supervisor	  

monitors	  and	  comments	  on	  the	  TRELLO	  with	  the	  team,	  and	  her	  approval	  is	  required	  before	  tasks	  can	  be	  

marked	  as	  complete.	  A	  sample	  from	  the	  team’s	  Trello	  can	  be	  seen	  below	  in	  Figure	  1.	  

 

	  
Figure	  1.	  Sample	  of	  Trello	  used	  by	  Team	  
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2.2  Work  Breakdown  Structure  (WBS)	  

The	  work	  breakdown	  structure	  illustrates	  all	  of	  the	  components	  of	  the	  project	  by	  breaking	  it	  down	  into	  

smaller,	  more	  manageable	  sections.	  As	  shown	  below	  in	  Figure	  2	  ,	  the	  project	  has	  been	  divided	  into	  the	  5	  

main	   sections:	   Investigation,	   brainstorming,	   concept	   development,	   product	   realization	   and	   final	  

presentation.	  For	  a	  clearer	  version	  of	  the	  WBS,	  refer	  to	  the	  appendix.	  

	  

 

	  

Figure	  2.	  Work	  Breakdown	  Structure	  
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2.3  Gantt  Chart  

The	  project	  is	  organized	  in	  a	  linear	  fashion	  with	  a	  Gantt	  chart,	  a	  sample	  of	  which	  is	  displayed	  below	  in	  

Figure	  3.	  Major	  milestones	  or	  due	  dates	  the	  team	  must	  meet,	  such	  as	  the	  midterm	  and	  final	  defense,	  are	  

marked	   on	   the	   chart.	   Based	   on	   these	   milestones	   the	   team	   uses	   the	   Gantt	   chart	   to	   assign	   time	  

constraints	   to	   previously	   established	   tasks	   in	   the	  WBS.	   A	   bar	   visually	   illustrates	   the	   amount	   of	   time	  

allotted	   for	  each	   task.	  This	  aids	   the	   team	   in	  planning	  how	   long	   they	  should	  spend	  on	  each	  subtask	   to	  

ensure	   everything	   necessary	   is	   completed	   by	   the	   appropriate	   milestone.	   The	   dates	   assigned	   for	   the	  

subtasks	   on	   the	   Gantt	   chart	   are	   not	   definitive	   and	   can	   be	   subjected	   to	   changes	   throughout	   the	  

progression	  of	  the	  project.	  Refer	  to	  the	  appendix	  for	  the	  complete	  version	  of	  the	  Gantt	  chart.	  	  

 

	  
Figure	  3.	  Sample	  from	  Gantt	  Chart 
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2.4  RACI  Matrix  

RACI	  Matrix	   is	  another	   important	   tool	   for	   tracking	   roles	  and	  responsibilities.	   It	   illustrates	  exactly	  what	  

role	  each	  team	  member	  has	  for	  each	  of	  the	  tasks	  listed	  on	  the	  Gantt	  chart.	  This	  helps	  keep	  organization	  

within	  the	  team	  by	  showing	  who	  exactly	   is	  accountable	  for	  each	  of	  the	  tasks,	  and	  ensures	  the	  work	   is	  

evenly	   and	   logically	   divided	   among	   the	  members.	   Refer	   to	   the	   for	   the	   complete	   version	   of	   the	   RACI	  

matrix.	   

 

 
 
	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

Figure	  4.	  Sample	  from	  RACI	  Matrix	  
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3  Design  Problem  Analysis   

3.1  Design  Objectives  

The	  main	   objective	   for	   this	   project	   is	   to	   reduce	   the	   amount	   of	  water	   usage	   per	   each	   toilet	   flush,	   by	  

replacing	   the	   current	  water	   trap	  with	   a	  mechanical	   trap	   system	   that	  will	  work	   inside	   the	   base	   of	   the	  

toilet	  bowl.	  Project	  manager	  Jordi	  Corral	  has	  given	  instructions	  to	  try	  not	  think	  too	  much	  about	  the	  toilet	  

tank	   or	   refill	  method	   of	   the	   toilet	   as	   these	   areas	   already	   have	   solutions.	   	  The	   objective	   only	   requires	  

focus	  on	  the	  bottom	  third	  of	  the	  toilet	  bowl,	  i.e	  just	  above	  the	  current	  water	  level	  inside	  the	  bowl.	  	  	  	  

The	  "trap"	  is	  the	  bend	  in	  the	  pipe	  where	  the	  waste	  goes	  out	  of	  the	  toilet.	  The	  current	  water	  trap	  system	  

consists	  of	  S	  or	  U	  shape	  piping	  below	  the	  toilet	  bowl	  that	  successfully	  allows	  the	  drainage	  of	  wastewater	  

per	  each	  flush	  as	  well	  as	  keeping	  a	  level	  of	  clean	  water	  after	  each	  flush.	  The	  current	  usage	  of	  water	  per	  

flush	  is	  five	  liters	  per	  each	  flush.	  	  The	  team	  would	  ideally	  like	  to	  significantly	  reduce	  the	  usage	  of	  water	  

per	  flush	  by	  one	  and	  half	  to	  two	  liters.	  	  	  

The	  prevention	  of	  back	  odor	  is	  another	  important	  objective	  in	  this	  project.	  The	  current	  usage	  of	  water	  

allows	   the	   drainage	   of	   waste	   as	   well	   as	   prevents	   back	   odor	   travelling	   back	   up	   through	   the	   piping	  

releasing	  sewage	  odor.	  Removing	  the	  water,	  removes	  the	  current	  odor	  seal.	  Thus,	  it	  is	  vital	  to	  replace	  it	  

with	  an	  alternate	  but	  equally	  efficient	  sealing	  system	  to	  ensure	  the	  level	  of	  prevention	  of	  bad	  odor	  is	  as	  

effective	  as	  before.	  

In	  addition,	  the	  new	  system	  should	  have	  a	  simple	  design	  that	  makes	  no	  noticeable	  changes	  where	  the	  

user	  of	   the	   toilet	   is	   concerned,	  yet	   fits	   the	   sophisticated	  appearance	  of	   current	  Roca	   toilets.	  The	  new	  

design	  should	  only	  require	  the	  user	  to	  activate	  one	  trigger	  to	  signal	  the	  flush,	  it	  is	  not	  desirable	  to	  add	  

any	  additional	  levers	  or	  triggers	  for	  the	  function	  of	  the	  new	  design.	  	  

3.2  Critical  Success  Factors    

There	  are	  multiple	  critical	  factors	  given	  in	  the	  brief	  that	  would	  determine	  the	  success	  of	  the	  project.	  The	  

design	  of	  the	  new	  mechanical	  trap	  system	  must:	  	  

• Meet	  the	  same	  functions	  that	  the	  current	  water	  trap	  

• Provide	  an	  equally	  robust	  back	  odor	  prevention	  by	  keeping	  an	  equivalent	  water	  seal	  

• Allow	  a	  significant	  flush	  water	  reduction	  of	  one	  or	  two	  liters	  of	  water	  per	  flush.	  

• Be	  simple	  enough	  to	  be	  industrialized.	  
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• Be	  based	  solely	  on	  mechanics	  and	  hydraulics;	  

• Any	  use	  electrical	  or	  external	  source	  of	  power	  is	  not	  permitted	  

	  

If	  the	  new	  design	  does	  not	  satisfy	  each	  of	  these	  requirements,	  the	  project	  will	  be	  considered	  a	  failure.	  

Thus	  it	  is	  critical	  to	  successfully	  incorporate	  all	  of	  these	  aspects	  into	  the	  new	  system.	  

4  Design  Development  and  Decisions  

4.1  Brainstorming    

To	  begin	  investigation	  stage	  of	  this	  project	  the	  team	  first	  created	  a	  mind	  map,	  shown	  below	  in	  Figure	  5,	  

to	  help	  assess	  the	  different	  aspects	  of	  the	  project,	  and	  clarify	  any	  questions	  they	  would	  need	  answered	  

in	  order	  to	  begin	  forming	  possible	  concepts	  of	  solutions.	  

	  

Figure	  5.	  Mind	  Map	  for	  Brainstorming	  Requirements	  of	  Project	  
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4.2  Research  

Based	  on	  the	  Mind	  Map	  the	  team	  was	  able	  to	  decide	  what	  research	  should	  be	  conducted,	  and	  divided	  

the	  research	  into	  the	  following	  topics:	  the	  mechanics	  of	  how	  current	  Roca	  toilets	  function,	  the	  current	  

methods	   used	   in	   toilets	   not	   connected	   to	   the	   sewers,	   other	   mechanical	   trap	   systems,	   and	   water	  

conservation	   methods	   in	   other	   systems	   .	   Their	   findings	   relevant	   to	   understanding	   the	   concepts	  

described	  in	  the	  following	  section	  are	  summarized	  in	  the	  report.	  	  

4.1.1  Mechanics  of  Toilet  

The	  working	  of	  a	  current	  toilet	  is	  very	  simple.	  There	  is	  water	  coming	  from	  the	  water	  supply	  stored	  in	  the	  

cistern.	   Once	   the	   flush	   button	   is	   pressed,	   a	   flapper	   inside	   the	   cistern	   opens	   and	   let	   all	   this	  water	   go	  

down	  to	  the	  bowl.	  When	  going	  down,	  this	  water	  pushes	  away	  all	  the	  water	  of	  the	  S-‐trap,	  pushing	  also	  all	  

the	   waste	   in	   the	   bowl.	   As	   the	   pressure	   from	   the	   flush	   removes	   the	   wastewater,	   the	   bowl	   is	  

simultaneously	   filled	  by	   the	   fresh	  water	   coming	   from	   the	  cistern	  until	   all	  of	   the	  water	   in	   the	   trap	  has	  

been	  replaced.	  	  

	  

Figure	  6.	  Diagram	  of	  Water	  Trap	  in	  Standard	  Toilet	  

Figure	  6	  highlights	  the	  water	  trap	  of	  a	  standard	  toilet,	  this	  is	  the	  area	  that	  the	  team	  must	  re-‐design.	  The	  

amount	  of	  water	  shown	  in	  blue	  is	  2.5	  L	  and	  is	  what	  functions	  as	  the	  current	  seal.	  This	  is	  the	  water	  the	  

will	  replace	  with	  a	  mechanical	  system.	  
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4.1.2  Functionality  of  Water  Trap  

A	  toilet	  bowl	  is	  a	  reservoir	  of	  water	  with	  an	  open	  bowl	  above	  and	  an	  internal	  S-‐trap	  below.	  The	  trap	  way	  

is	  formed	  into	  the	  china	  fixture	  and	  bends	  either	  toward	  the	  front	  or	  back	  of	  the	  bowl.	  The	  direction	  is	  of	  

no	   consequence.	   The	   upstream	   area	   of	   the	   trap	   way	   holds	   water	   when	   the	   bowl	   is	   full,	   while	   the	  

downstream	  area	  of	  the	  trap	  way	  does	  not	  hold	  water,	  water	  flows	  freely	  into	  the	  drain	  from	  it.	  When	  

the	  bowl	  is	  filled	  or	  primed,	  the	  water	  is	  at	  the	  top	  of	  the	  upstream	  trap	  way	  and	  the	  bowl	  will	  hold	  no	  

more	  unless	  the	  trap	  way	   is	  plugged.	  When	  the	  primed	  bowl	   is	  suddenly	   flooded	  with	  water,	   the	  trap	  

way	   floods.	  The	  air	   in	   the	   lower	  part	  of	   the	   trap	  way	   is	  pushed	  down	  the	  drain	  as	   the	  water	   takes	   its	  

place.	  The	  lower	  area	  of	  the	  trap	  way,	  once	  flooded	  with	  water,	  will	  begin	  to	  empty	  into	  the	  drain.	  With	  

the	  upstream	  and	  downstream	  areas	  of	   the	   trap	  way	   filled	   the	  weight	  of	   the	  water	   traveling	   into	   the	  

drain	  pulls	  the	  water	  from	  the	  bowl	  by	  siphon	  action.	  Thus	  the	  water	  in	  the	  bowl	  and	  everything	  in	  the	  

water	  are	  drawn	  into	  the	  drain.	  At	  the	  end	  of	  this	  sequence	  the	  bowl	  will	  be	  virtually	  empty	  and	  must	  be	  

primed	  again.	  

There	  are	  two	  main	  reasons	  to	  fully	  prime	  the	  bowl:	  

1 The	  main	   function	   of	   the	   S-‐trap	   in	   the	   toilet	   bowl,	   or	   any	   other	   water	   trap,	   is	   to	   hold	   back	   the	  

admittance	   of	   sewer	   gas	   into	   the	   room	   the	   fixture	   is	   placed	   in.	   It	   does	   this	   by	   being	   full	   of	   fluid.	  

Under	  normal	  pressure	  sewer	  gas	  will	  not	  push	  the	  water	  out	  of	  its	  way	  and	  escape	  the	  drain.	  The	  

toilet	  bowl	  is	  sealed	  against	  it	  by	  virtue	  of	  the	  water	  in	  it.	  For	  this	  reason	  the	  water	  in	  the	  trap	  way	  is	  

called	  a	  "trap	  seal".	  

2 The	  other	  reason	  is	  almost	  as	  important.	  A	  fully	  primed	  trap	  way	  begins	  to	  flood	  sooner	  than	  a	  less	  

than	   fully	   primed	   trap	   way	   does.	   The	   siphon	   action	   is	   greater	   and	   lasts	   longer	   insuring	   greater	  

sanitation.	  

4.1.3  Functionality  of  Flappers  

There	  are	  many	  different	  mechanical	   traps,	   such	  as	   flappers,	   but	   the	  working	  of	   them	   is	   very	   similar.	  

There	  are	  different	  types	  of	  flappers,	  but	  all	  the	  flush	  toilets	  use	  a	  flapper	  inside	  the	  cistern.	  This	  flapper	  

is	  generally	  disc-‐shaped	  and	  made	  of	  rubber.	  The	  flapper	  is	  found	  at	  the	  bottom	  of	  the	  tank,	  submerged	  

in	  water,	  and	  attached	  to	  the	  base	  of	  the	  overflow	  tube	  by	  a	  pair	  of	  hinges.	  Raising	  the	  flapper	  would	  

reveal	  a	  hole	  of	  mutual	  size.	  It's	  through	  this	  hole	  that	  water	  escapes	  whenever	  the	  toilet	  is	  flushed.	  
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Operation	  of	  a	   toilet	   requires	  a	  careful	  orchestration	  of	   its	  parts.	  Once	  the	  toilet	  handle	   is	  pushed,	  an	  

attached	  chain	  pulls	  the	  flapper	  up	  and	  away	  from	  the	  drain	  hole	  at	  the	  bottom	  of	  the	  toilet	  tank.	  After	  

allowing	   approximately	   2	   gallons	   of	   water	   to	   drain	   from	   the	   tank,	   the	   flapper	   resumes	   its	   former	  

position,	  sealing	  off	  the	  drain	  hole.	  As	  the	  filler	  float	  falls	  with	  the	  water	  level	  inside	  the	  tank,	  it	  activates	  

a	   refill	   valve,	  which	   in	   turn	   begins	   replacing	  water	   inside	   the	   tank.	   The	   float	   rises	  with	   the	   incoming	  

water.	  Once	  the	  float	  reaches	  a	  certain	  level,	  the	  float	  causes	  the	  refill	  valve	  to	  shut	  off.	  

4.2  Initial  System-‐Level  Concepts  

A	  morphological	  chart	  is	  used	  to	  generate	  system	  level	  concepts	  using	  specific	  methods	  for	  each	  device	  

function.	  To	  aid	   in	  their	  brainstorming	  and	  formation	  of	   initial	  concepts	  the	  team	  tried	  to	  break	  down	  

the	   system	   into	   separate	   generalized	   functions	   that	   the	   new	   design	   would	   have	   to	   incorporate	   no	  

matter	   what	   the	   final	   solution	   would	   be.	   A	   morphological	   chart	   was	   created	   for	   the	   functions	   and	  

methods	  the	  team	  were	  able	  to	  derive	  and	  is	  shown	  below	  in	  Table	  1	  

Table	  1	  Initial	  Morphological	  Chart	  for	  Generalized	  Aspects	  of	  New	  Design	  

Functions	   Method	  1	   Method	  2	   Method	  3	  

Odour	  

Preventio

n	  (Seals)	  

Compressor

	  

Flapper

	  

Formation	  Plastic

	  

Maintena

nce	  

Non-‐stick	  spray	   Some	  water	  in	  the	  bowl	   Chemical	  Flush	  

Flush	  

Systems	  

Current	  System 	   Straight 	  
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Using	   the	   organized	   ideas	   developed	   during	   the	   brainstorming	   and	   creation	   of	   the	   generalized	  

morphological	  chart	  the	  team	  was	  able	  to	  form	  various	  initial	  concepts	  for	  possible	  solutions,	  which	  are	  

discussed	  below.	  

4.3  First  Round  Concepts  and  Evaluation  

The	  first	  round	  of	  brainstorming	  concepts	  was	  focused	  on	  different	  ways	  in	  which	  the	  problem	  could	  be	  

solved,	  not	  only	   focusing	   con	  mechanical	   flapper	  but	   trying	   to	   find	  other	   feasible	   solutions.	  The	   team	  

had	  the	  liberty	  to	  explore	  into	  different	  directions	  and	  analysis	  the	  effectiveness	  of	  each	  one.	  The	  first	  

ideas	   are	   summarized	   in	   the	   previous	   Table	   1	   as	   the	   initial	  morphological	   chart,	   and	   in	   the	   previous	  

sections	  a	  more	  detailed	  description	  of	  each	  concept	  idea	  is	  stated.	  	  

4.3.1  Flexible  Material  

This	  concept	  involves	  the	  use	  of	  flexible	  material	  and	  is	  illustrated	  below	  in	  Figures	  7	  and	  8.	  The	  idea	  was	  

to	  use	  some	  sort	  of	  rubber	  or	  formation	  plastic	  which	  would	  use	  a	  suction	  force	  from	  the	  flush	  of	  the	  

toilet	  to	  seal	  shut.	  The	  seal	  would	  open	  and	  close	  in	  a	  motion	  similar	  to	  that	  of	  an	  accordion,	  and	  would	  

seal	  about	  either	  the	  vertical	  or	  horizontal	  axis.	  

	  

Figure	  7.	  Flexible	  Seal	  Vertical	  Axis	  
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Figure	  8.	  Flexible	  Seal	  Horizontal	  Axis	  

Rubber	  tube	  seals,	  shown	  in	  Figure	  9,	  are	  currently	  used	  in	  some	  waterless	  urinals.	  The	  rubber	  tube	  is	  

flat	  at	  the	  bottom	  when	  not	  in	  use,	  blocking	  odors	  from	  the	  sewage	  or	  storage	  tank,	  but	  opens	  when	  

liquid	   is	   passing	   through.	   These	   seals	   require	   frequent	   cleaning,	   and	  must	   be	   replaced	   about	  once	   a	  

year.	  The	  rubber	  material	  is	  also	  sensitive	  to	  solvents,	  acids,	  and	  deodorizing	  tablets	  [7].	  	  Based	  on	  this	  

research	  of	  an	  already	  functioning	  rubber	  seal,	  this	  concept	  was	  eliminated	  as	  an	  option	  due	  to	  the	  fact	  

that	  the	  material	   is	  not	  robust,	  the	  system	  requires	  constant	  maintenance,	  and	  is	  not	  appropriate	  for	  

solid	  waste	  which	  is	  a	  vital	  necessity	  for	  this	  project	  

	  

	   	   	  

	  

	  

	  

	  

	  

	  

	  

Figure	  9.	  Rubber	  Tube	  Seal	  for	  waterless	  
urinal	  
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4.3.2  Gate  

This	  concept	  came	  from	  the	  idea	  of	  creating	  a	  gate	  that	  could	  separate	  the	  bowl	  from	  the	  S-‐trap,	  trying	  

to	  stop	  all	  the	  waste	  and	  extra	  water	  until	  the	  flush	  button	  is	  activated.	  The	  idea	  came	  from	  airplanes	  

toilets,	  in	  which	  a	  similar	  kind	  of	  gate	  is	  used	  for	  holding	  the	  toilet	  water	  and	  waste	  and	  opens	  as	  soon	  

as	  the	  user	  clicks	  the	  flush	  button.	  

The	  main	  purpose	  of	  this	  gate	  in	  the	  concept	  is	  to	  work	  similar	  as	  the	  airplane	  toilets.	  The	  concept	  was	  

thought	  of	  working	  as	  a	  both,	  as	  flapper	  and	  as	  an	  odor	  seal,	  for	  stop	  using	  water.	  The	  inner	  shape	  of	  the	  

gate	   is	  thought	  to	  be	  of	  a	  rubber	  material	  that	  can	  work	  especially	  for	  preventing	  odors	  to	  come	  back	  

up.	  Those	  shapes	  should	  fit	  each	  other	  for	  guarantee	  that	  water	  nor	  odors	  could	  pass	  once	  it’s	  closed.	  	  

This	   idea	  has	  several	  cons	   that	   included	  how	  to	  attach	   the	  gate	   to	   the	  piping	  without	  using	  screws	  or	  

similar	   tools.	  Also	  since	   it	  would	  be	  something	  that	  would	  be	   in	  constant	  use,	   the	  rubber	  should	  have	  

maintenance	  constantly	  and	  wouldn’t	   guarantee	   the	  effectiveness	  of	   the	   sealing	  and	   leaking	  of	  water	  

when	  it	  closes.	  For	  this	  main	  reason	  this	  concept	  was	  discarded	  by	  the	  company. 	  

	  

	  

4.3.3  Bathtub  Drain  and  Trap  

As	  previously	  stated	  the	  new	  toilet	  needs	  a	  mechanical	   trap	  system	  that	  seals	  off	   the	  pipes	  under	  the	  

toilet	   bowl	   while	   still	   maintaining	   a	   certain	   level	   of	   water	   in	   the	   bowl.	   While	   researching	   existing	  

methods	  of	  various	  water	  systems	  the	  team	  was	  inspired	  by	  bathtubs	  that	  utilize	  a	  trip	  lever	  drain	  such	  

as	  the	  one	  displayed	  in	  Figure	  11.	  	  

A	   trip	   lever	  drain	  uses	  a	  plunger,	   located	   in	   the	   tub	  overflow	  pipe,	   to	  plug	   the	  drain	  pipe	  and	  keep	  

water	   from	  draining.	   The	  plunger	   is	   controlled	  by	   the	   trip	   lever	  which	   is	  manually	   operated	  by	   the	  

Figure	  10.	  Gate	  
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user.	  When	  the	  user	  flips	  the	  trip	  lever	  up,	  the	  plunger	  moves	  down	  into	  the	  drain	  to	  stop	  the	  pipe	  flow,	  

and	  when	  the	  user	  pushes	  the	  lever	  down,	  the	  plunger	  moves	  up	  the	  pipe,	  opening	  the	  drain	  once	  more.	  

[2]	  

This	  method	   is	  very	  simple	  and	  the	  team	  hypothesized	  that	   it	  would	  be	   feasible	   to	  redesign	  the	  toilet	  

piping	   into	   a	   similar	   system	   where	   the	   flush	   button	   on	   the	   toilet	   would	   trigger	   a	   plunger	   or	   other	  

mechanical	  trap.	  However,	  after	  speaking	  with	  the	  Roca	  Innovation	  Lab	  project	  manager,	  the	  team	  was	  

informed	  it	  would	  be	  preferred	  that	  the	  new	  trap	  system	  was	  not	  required	  to	  be	  linked	  to	  the	  tank	  or	  

flush	  button	  of	  the	  toilet.	  Therefore,	  this	  idea	  was	  discarded.	  	  

	  

	  

	  

	  

	  

	  

	  

  

  

4.3.4  Flapper  

This	  concept	  is	  as	  chosen	  by	  the	  company	  is	  the	  most	  viable	  solution	  to	  save	  water	  in	  toilet	  bowls.	  	  It’s	  

design	  is	  essentially	  creating	  a	  piece	  of	  material	  that	  separates	  the	  narrow	  end	  of	  a	  toilet	  	  	  bowl	  	  to	  the	  S	  

tube/sewer	  piping.	  The	  flapper	  mechanism	  would	  replace	  the	  water	  currently	  used	  in	  the	  S	  tube	  piping	  

as	  the	  trap	  for	  sealing	  in	  odors.	  Therefore	  saving	  one	  half	  to	  two	  liters	  of	  water.	  A	  little	  water	  would	  still	  

be	  needed	  in	  the	  bowl,	  on	  top	  of	  the	  flapper	  to	  help	  with	  cleanliness	  and	  waste	  removal.	  .	  	  	  

	  

	  

Figure	  11.	  illustration	  of	  
Bathtub	  
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The	  flapper	  works	  similar	  to	  a	  household	  door	  as	  already	  mentioned	  it	  separates	  the	  toilet	  bowl	  to	  the	  s	  

tubing.	  It	  is	  also	  hinged	  to	  the	  back	  of	  the	  bowl	  thus	  enabling	  it	  to	  swing	  in	  an	  upwards	  and	  downwards	  

action	  therefore	  allowing	  water	  and	  waste	  to	  pass	  when	  open.	  Although	  the	  design	  for	  this	  flapper	  will	  

only	   allow	   the	   flapper	   to	  move	   in	   a	   downward	   direction	   thus	   helping	   in	   the	   preventing	   of	   bad	   odors	  

from	  entering	  the	  toilet	  bowl	  from	  below.	  This	  however	  is	  not	  the	  finished	  design	  as	  the	  flapper	  cannot	  

simply	  rely	  on	  a	  hinge	  to	  work,	  and	  it	  would	  remain	  open	  and	  let	  fresh	  water	  needed	  constantly	  pass.	  

Therefore,	  there	  also	  has	  to	  be	  a	  mechanism	  that	  opens	  the	  flapper	  only	  when	  there	  is	  waste	  and	  the	  

flush	  button	  on	  the	  water	  tank	  has	  been	  pushed.	  

	  

	  

	  

	  

	  

	  

4.4  Second  Round  Concepts  and  Evaluation  

After	  it	  was	  decided	  a	  flapper	  would	  be	  used	  for	  the	  solution	  to	  the	  project,	  the	  company	  provided	  the	  

team	  with	  various	  patents	  of	  pre-‐existing	  designs	  that	  use	  a	  flapper	  as	  the	  mechanical	  trap	  system	  inside	  

a	  toilet.	  The	  team	  analyzed	  each	  patent	  in	  detail	  and	  created	  a	  pros	  and	  cons	  list	  for	  each,	  shown	  below	  

in	  Table	  2.	  This	  allowed	  the	  team	  to	  pull	  the	  different	  ideas	  from	  each	  patent	  and	  highlight	  what	  aspects	  

they	  could	  possibly	  use	  from	  each	  design,	  and	  disregard	  those	  that	  were	  irrelevant	  or	  ineffective	  for	  this	  

project.	  The	  pros	  highlighted	  in	  green	  are	  features	  of	  the	  design	  the	  team	  believes	  they	  could	  possibly	  

incorporate	  in	  their	  own	  design.	  The	  actual	  patents	  can	  be	  referred	  to	  in	  the	  appendix.	  

	   	  

Figure	  12.	  General	  Flapper	  Concept	  
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Table	  2.	  Patent	  Analysis	  of	  Pre-‐Existing	  Flapper	  Designs	  

Patents Info Picture Pros  Cons 

(WO2015174368) 
TOILET DEVICE 
AND WASTE 
TRANSPORT 
SYSTEM 

The purpose of the 
invention is to provide 
a toilet device that 
can prevent a flapper 
valve from sticking 
and can inhibit waste 
in a toilet bowl from 
adhering by ensuring 
a large amount of 
reservoir water and 
that can open and 
close the flapper 
valve with a small 
operation load and 
operation stroke. 

 

• Simple 
mechanism 

• Use of 
magnets 

• No leaking 
points 

• Good axis for 
axis rotation 

• Two piece 
installation 

• Magnets can 
stop working at 
some time 

• The flapper 
depends on 
the magnets 
for opening 
and closing 

• If magnets stop 
working all the 
waste would 
be stuck there.  

(WO 
2015/109301) 
LOW OR NO 
WATER USE 
LATRINE PANS, 
LATRINE PAN 
ASSEMBLIES, 
LATRINES, AND 
RELATED 
METHODS 

The invention 
provides a latrine pan 
and latrine 
assemblies that can 
be used with little or 
no "flush water", yet 
provide sustainable 
and hygienic 
separation of waste 
from human contact. 
Such invention is 
particularly suitable 
and practical for use 
in remote, less 
affluent geographies 
where water 
resources are scarce. 

	  

 

 

• Very little “flush 
water” use 

• Opens with the 
weight of the 
waste. 

• Simple 
open/close 
mechanism 

• Collections 
basin and 
flapper 

• Uses 
counterbalance 
device and 
counterbalance 
device 

• counterbalance 
device is 
substantially 
equal to or 
slightly greater 
than a pivotal 
force 
attributable the 
cover plate. 

• water is 
applied using a 
"squirt bottle" 
or another 
similar manual 
water 
dispensing 
vessel that 
dispenses 
water at a 
higher water 
pressure than 
is generated by 
simple pouring. 
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GTL-0000-17 
GTL-0000-18 
Hybrid Toilet 
System- 
Microflush 
pedestal  

The special bowl has 
been designed to 
flush clean using only 
300ml of water. 
Combining this flush 
technology with the 
Hybrid Toilet System 
has brought a new 
level of toilet 
cleanliness and user 
familiarity to on-site 
treatment and 
minimal water use. 
	  

The waste enters the 
primary tank which is 
filled with water, 
where it is acted upon 
by bacteria and is 
broken down to 5% of 
its original mass. Via 
displacement, the 
clarified effluent then 
travels to the 
secondary treatment 
unit. On completion of 
treatment (approx 
120 days) the effluent 
is then dispersed to 
ground via a gravel 
bed. 
	  

 

 

• pedestal drop 
toilet where 
faeces and 
urine are 
deposited 
directly into a 
primary tank 
filled with 
water. 

• Uses 2 big 
tanks  

• solids 
remain in 
the tank 

• No flapper 

JP 2015-224437 
A 2015.12.14 
Toilet equipment 
and waste 
transport system 

The present invention 
has been made in 
view of the above, the 
object can open and 
close the flapper 
valve with a small 
operation load than 
conventional, water 
stool in bowl to 
provide a toilet bowl 
device can be reliably 
prevented flooding to 
the outside 

 

• 2 piece: flapper 
and bassin 

• Uses 
counterweight 

• Spring used to 
open flapper 

• Spring doesn’t 
have contact 
with water or 
waste.  

 

• Complex 
mechanism 

• Uses springs 
and 
cogwheels. 

• Depends on 
many 
pieces.   
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Using	  ideas	  pulled	  from	  the	  patent	  analysis	  in	  conjunction	  with	  their	  own	  ideas,	  the	  team	  created	  a	  new	  

morphological	   chart	   focusing	   solely	   on	   different	   functions	   or	   aspects	   of	   the	   flapper	   design	   including:	  

how	  it	  will	  open	  and	  close,	  how	  it	  will	  lock,	  and	  how	  it	  could	  be	  attached.	  General	  methods	  or	  solutions	  

for	  each	  of	  these	  features	  are	  illustrated	  below	  in	  Table	  3.	  

Table	  3.	  Initial	  Morphological	  Chart	  Comparing	  Solutions	  for	  Different	  Functions	  of	  Flapper	  

Functions	   Method	  1	   Method	  2	   Method	  3	   Method	  4	   Method	  5	  

Open	  /	  

Close	  

Tension	  Spring	  

	  

Compression	  	  

Spring	  

	  

Counterweight

	  

Window	   Hook

	  

Lock	   Lock	  1	  

	  

Lock	  2	  

	  

	   	   	  

Attach	   One	  Piece	   Two	  Pieces	   	   	   	  
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4.4.1  Concepts  for  Opening  and  Closing  the  Flapper  

Open/Close	  Method	  1	  

This	  concept	  incorporates	  the	  force	  of	  a	  spring	  to	  open	  and	  close	  the	  flapper,	  similar	  to	  a	  method	  in	  the	  

patent	   JP	   2015-‐224437	   (see	   appendix).	   Simple	   schematics	   illustrating	   the	   basic	   design	   using	   either	   a	  

tension	  or	  compression	  spring	  are	  shown	  below	  in	  Figure	  4.9	  and	  4.10.	  This	  design	  would	  be	  fairly	  easy	  

to	   produce	   once	   the	   perfect	   spring	   was	   found,	   but	   it	   is	   predicted	   the	   team	   may	   encounter	   some	  

difficulty	  finding	  a	  spring	  that	  both	  has	  enough	  strength	  to	  push	  or	  pull	  the	  flapper	  back	  into	  the	  closed	  

position	  and	  hold	   it	   there	  while	   still	   being	   flexible	  enough	   to	  open	  with	   simply	   the	   force	  of	   the	   flush.	  

There	   is	   also	   concern	   from	   the	   team	   that	   over	   time	   the	   spring	  will	   experience	   too	  much	   fatigue	   and	  

more	  maintenance	  than	  what	  is	  desired	  will	  be	  required.	  Another	  challenge	  for	  this	  design	  will	  be	  where	  

to	  position	  the	  mechanisms	  to	  protect	  them	  from	  splash	  and	  waste	  from	  the	  flush.	  	  	  

	  

Figure	  13.	  Tension	  Spring	  

	  



	  

27	  

	  

Figure	  14.	  Compression	  Spring	  

Upon	  further	  examination	  and	  feedback	  from	  the	  company	  the	  concept	  of	  using	  springs	  was	  decided	  to	  

be	   one	   of	   the	   most	   feasible	   solutions	   and	   was	   selected	   to	   move	   into	   the	   final	   round	   of	   concept	  

evaluation.	  Although	  it	   is	  not	  currently	  clear	  exactly	  the	  type	  or	  position	  of	  spring;	  further	  calculations	  

and	  analysis	  are	  needed	  to	  produce	  a	  final	  design.	  

Open/Close	  Method	  2	  

This	   concept	   is	   centered	   on	   the	   idea	   of	   a	   counterweight.	   The	   overview	   of	   this	   concept	   is	   illustrated	  

below	   in	   Figure	   15.	   The	   plan	   for	   this	   design	  would	   be	   that	   the	   flapper	   remains	   closed	   until	   the	   user	  

flushes	   the	   toilet,	   and	   the	   flapper	   would	   then	   open	   strictly	   with	   the	   force	   of	   the	   flush.	   The	  

counterweight	   would	   be	   connected	   to	   a	   refill	   system;	   when	   the	   toilet	   is	   flushed,	   the	   counterweight	  

begins	  to	  fill	  with	  water,	  and	  as	  the	  weight	  increases	  it	  lifts	  the	  flapper	  back	  into	  the	  close	  position.	  Once	  

the	   flush	   is	   complete,	   and	   the	   flapper	   is	  back	   in	   the	   close	  position	   the	  water	   from	   the	   counterweight	  

could	  then	  be	  used	  to	  refill	  the	  tank.	  	  
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Although	   it	   is	  not	  yet	  defined	  exactly	  how	  the	  refill	   system	  would	   function	   for	   the	  counterweight,	   the	  

general	  idea	  of	  using	  a	  counterweight	  appeared	  to	  be	  the	  simplest	  solution	  during	  this	  round	  of	  concept	  

evaluation.	  It	  does	  not	  have	  the	  concerns	  of	  fatigue	  or	  durability	  that	  the	  spring	  design	  has,	  and	  would	  

close	  the	  flapper	  in	  a	  more	  controlled	  motion.	  Thus,	  this	  concept	  was	  also	  chosen	  for	  the	  last	  round	  of	  

concept	  evaluation.	  	  

Open/Close	  Method	  3	  

This	   concept	   is	   based	   on	   the	   drawers	   or	  windows	   that	   can	   be	   found	   in	   an	   average	   household	  which	  

automatically	  close	  on	  their	  own	  with	  just	  a	  slight	  touch.	  A	  diagram	  of	  this	  mechanism	  is	  shown	  below	  in	  

Figure	  16,	  which	  is	  from	  a	  patent	  that	  can	  be	  referred	  to	  in	  the	  appendix	  section.	  	  “The	  opening/closing	  

mechanism	  has	  a	  hinge	  arrangement	  with	  two	  linked	  arms	  (14,	  22)	  pivoting	  from	  a	  runner	  which	  may	  be	  

attached	  to	  the	  window	  frame.	  One	  or	  both	  of	  the	  pivoting	  arms	  is	  mounted	  to	  the	  runner	  on	  a	  slider	  

(16)	   which	   is	   movable	   along	   the	   runner	   in	   relation	   to	   the	   pivot	   mounting	   of	   the	   other	   arm.	   The	  

mechanism	   is	  operable	  by	  way	  of	  a	   cable	  or	   cord	   (26)	  which	  has	  portions	  wound	  around	  a	   spool	   (24)	  

which	  is	  rotatable	  by	  the	  user.”	  [39]	  

Figure	  15.	  Counterweight	  
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Figure	  16.	  Automatic	  Drawer	  Closing	  Hinge	  

	  	  	  	  	  	  

The	  most	  appealing	  feature	  of	  this	  design	  is	  the	  amount	  of	  control	  and	  fluidity	  of	  the	  movement	  of	  the	  

opening	  and	  closing	  of	  the	  drawer	  or	  window.	  This	  is	  due	  to	  the	  fact	  that	  “when	  tension	  is	  first	  applied	  

to	  the	  opening	  cable	  portion,	  initial	  limited	  movement	  of	  a	  wedge	  member	  (17)	  can	  be	  used	  to	  initiate	  

angular	  movement	  of	  the	  arms	  whilst	  the	  respective	  pivot	  mountings	  thereof	  are	  substantially	  aligned	  

along	  the	  runner.”	   [39]	  However,	   the	  company	   instructed	  that	  they	  want	  a	  design	  that	   is	  as	  simple	  as	  

possible,	   and	   if	   the	   team	  chooses	   this	   concept	  direction	   they	  must	  prove	   that	   it	   is	   substantially	  more	  

efficient	   than	   the	   other	   spring	   designs.	   Due	   to	   time	   limitations	   of	   this	   project	   the	   team	   ultimately	  

decided	   this	   design	   is	   over-‐engineered	   and	   they	   could	   accomplish	   their	   main	   objective	   with	   a	   less	  

complex	  solution.	  However,	   if	   the	   team	  chooses	  a	  spring	  system	  for	   their	   final	  concept,	   they	  may	  still	  

use	  some	  features	  of	  this	  design	  as	  an	  idea	  on	  how	  to	  control	  the	  movement	  of	  the	  springs.	  	  
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Open/Close	  Method	  4	  

As	   shown	   in	   Figure	   17,	   this	   design	   would	   require	   the	   user	   to	   pull	   a	   flush	   valve	   instead	   of	   pushing	   a	  

button,	  as	  can	  be	  found	  in	  some	  older	  models	  of	  Roca	  toilets.	  This	  method	  appears	  to	  be	  a	  very	  simple	  

solution	   to	   open	   and	   close	   the	   flapper	   in	   a	   secure	  manner.	   However	   the	   pull	   valve	   is	   not	   as	   visually	  

appealing	  as	  the	  current	  push	  button,	  and	  it	  would	  be	  harder	  to	  incorporate	  a	  dual	  flush	  system	  using	  

this	  design.	   In	  addition,	  as	  stated	  earlier	   in	  the	  section	  4.3	  the	  company	  would	  be	  prefer	  that	  the	  new	  

trap	  system	  not	  be	  linked	  to	  the	  tank	  or	  flush	  button	  of	  the	  toilet.	  Thus	  although	  it	  was	  agreed	  this	  idea	  

is	   feasible,	   it	  has	  been	   labeled	  as	  a	  back-‐up	  design	  to	  be	  used	  only	   if	   the	  concepts	  which	  open	  strictly	  

with	  the	  force	  of	  the	  flush	  fail.	  

	  

Figure	  17.	  Manual	  Pull	  Lever	  and	  Hook	   	  
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4.4.2  Concepts  for  Locking  Mechanism  of  Flapper  

The	  team	  briefly	  brainstormed	  some	  ideas	  for	  locking	  the	  flapper	  into	  place	  when	  in	  the	  closed	  position.	  

Some	  general	  sketches	  of	  possible	  locking	  mechanisms	  are	  shown	  in	  the	  morphological	  chart	  as	  well	  as	  

below	  in	  Figures	  18	  and	  19.	  	  

	  

Figure	  18.	  Lock	  1	  

	  

Figure	  19.	  Lock	  2	  

However,	  any	  form	  of	  locking	  mechanism	  would	  again	  require	  that	  the	  system	  be	  connected	  to	  the	  flush	  

button	   or	   tank	   of	   the	   toilet	   in	   order	   to	   release	   the	   lock.	   There	   is	   still	   debate	   between	   the	   team	   and	  

company	  as	  to	  whether	  a	  flapper	  design	  can	  really	  be	  sealed	  and	  secure	  without	  a	  locking	  mechanism.	  

However,	  for	  now	  the	  team	  has	  been	  asked	  to	  attempt	  a	  design	  without	  any	  form	  of	  locking,	  thus	  these	  

ideas	  have	  been	  put	  on	  hold.	  	  

4.4.3  Concepts  for  Attaching  the  Flapper  

One	   of	   the	   biggest	   challenges	   presented	   for	   this	   project	   is	   how	   to	   attach	   the	   flapper.	   Several	   of	   the	  

designs	  in	  the	  patent	  analysis	  utilize	  a	  completely	  separate	  piece	  with	  the	  flapper	  design	  that	  is	  added	  

under	  the	  bowl	  of	  the	  toilet.	  There	  is	  much	  debate	  between	  the	  supervisors	  and	  the	  team	  as	  to	  whether	  

having	  a	  connecting	  piece	  such	  as	  those	  in	  the	  patents,	  or	  connecting	  everything	  directly	  to	  the	  bowl	  will	  

be	  more	   efficient.	   At	   this	   stage	   it	   is	   not	   yet	   decided	  which	   direction	   the	   team	  will	   take.	  With	   the	  
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current	  design	  of	  the	  two	  final	  concepts:	  the	  spring	  or	  the	  counterweight,	  the	  spring	  concept	  requires	  a	  

separate	   piece,	   whereas	   the	   counterweight	   could	   theoretically	   be	   attached	   directly	   to	   the	   bowl.	  

Ultimately	  this	  aspect	  will	  not	  be	  decided	  until	  the	  final	  concept	  definition	  has	  been	  created.	  

4.5  Third  Round  Concepts  and  Evaluation  

As	   stated	   in	   the	   previous	   section,	   two	   concepts	   were	   selected	   for	   the	   final	   round	   of	   evaluation:	   the	  

concept	   incorporating	   springs	  and	   the	   concept	   involving	  a	   counterweight.	   In	  order	   to	   conduct	   further	  

analysis,	   more	   detailed	   diagrams	   and	   storyboards	   were	   created	   for	   each	   of	   the	   concepts	   to	   aid	   in	  

calculations	   and	   to	   ensure	   that	   every	   team	  member	   and	   supervisor	   had	   the	   same	   understanding	   of	  

exactly	  how	  each	  concept	  would	  function.	  These	  are	  shown	  below	  in	  Figures	  20-‐23	  	  
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Figure	  20.	  Detailed	  Diagram	  and	  Storyboard	  for	  Tension	  Spring	  
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Figure	  21.	  Detailed	  Diagram	  and	  Storyboard	  for	  Compression	  Spring	  
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Figure	  22.	  Storyboard	  for	  Spring	  



	  

36	  
	  

Figure	  23.	  Detailed	  Diagram	  and	  Storyboard	  for	  Counterweight	  



	  

37	  

After	   the	  analysis	  with	  the	  company,	   the	  concept	  options	  got	  reduced	  even	  more.	  The	  concept	  of	   the	  

counterweight	  was	  discarded	  since	   it	  presented	  some	  disadvantages	  such	  as:	  the	  minimum	  amount	  of	  

water	   calculated	   maintaining	   the	   flapper	   closed	   was	   not	   as	   favorable	   as	   expected,	   the	   size	   of	   the	  

counterweight	  box	  in	  which	  the	  needed	  water	  should	  be	  stored	  would	  take	  a	  bigger	  space	  than	  planned	  

and	  finally,	  the	  effect	  when	  the	  counterweight	  has	  when	  closing	  could	  present	  some	  problems	  in	  which	  

waste	  and	  water	  could	  shoot	  up	  the	  bowl.	  Because	  of	  these,	  the	  team	  member	  and	  supervisors	  decided	  

to	  narrow	  even	  more	  the	  possible	  solutions	  and	  focus	  only	  on	  flappers	  that	  would	  open	  and	  close	  using	  

different	  types	  springs.	   

	  

5  Final  Concept  Decisions  

For	  the	  final	  concept,	  a	  merge	  of	  all	  concepts	  was	  designed	  since	  all	  of	  them	  had	  some	  advantage	  that	  

could	  be	  used	  for	  a	  better	  result.	  The	  final	  concept	  is	  a	  combination	  of	  forces,	  forces	  that	  would	  help	  to	  

maintain	  the	  flapper	  closed,	  to	  open	  and	  to	  go	  back	  to	  its	  initial	  position.	  A	  counterweight	  and	  a	  traction	  

spring	  will	  be	  used	  to	  maintain	  the	  flapper	  closed	  and	  balance	  when	  it	  is	  only	  holding	  clean	  water	  with	  

no	  waste	  on	  it.	  For	  the	  flapper	  to	  open,	  extra	  weight	  needs	  to	  be	  deposit	  but	  cannot	  open	  until	  the	  user	  

flushes.	   The	   flapper	  will	   open	  until	   the	  extra	  weight	  of	   the	  waste	   and	  water	   flush	   are	  deposit	   on	   the	  

bowl	   (step	   1).	   This	   force	  will	  make	   the	   flapper	   to	   loose	   balance	   and	  will	   open	   since	   the	   force	   on	   the	  

opposite	   side	  of	   the	   counterweight	   is	   greater.	   For	   the	   flapper	   to	  open	  at	   an	  acceptable	   angle	   for	   the	  

waste	   and	   water	   to	   start	   circulating	   through	   the	   pipes,	   the	   flapper	   need	   to	   open	   to	   25º	   and	   the	  

counterweight	  need	  to	  be	  exactly	  at	   the	  top	  of	   the	  pivot	  point	   (step	  2).	  For	   the	   flapper	   to	  open	  to	   its	  

maximum	   angle	   (55º),	   the	   counterweight	   should	   pass	   the	   pivot	   point	   (step	   3)	   and	   it’s	   force	   and	   the	  

inertia	  forces	  would	  maintain	  the	  flapper	  open	  for	  a	  few	  seconds.	  After	  this	  the	  weigh	  on	  the	  flapper	  will	  

be	  reduces	  and	  he	  counterweight	  would	  be	  able	  to	  close	  the	  flapper	  and	  maintain	  it	  closes	  as	  its	  starting	  

position.	   	   These	   steps	   are	   illustrates	   on	   Figure	   24.	  
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Figure	  24.	  Counterweight	  Steps	  

Some	   of	   the	  major	   problems	   faced,	   was	   that	   the	   weight	   the	   counterweight	   needed	   to	  maintain	   the	  

flapper	   closed	   and	   balance	   was	   big,	   almost	   10	   kg	   were	   needed,	   according	   to	   calculations	   and	  

approximations	  with	  data	  given	  by	   the	   company	  about	   the	  minimum	  amount	  of	  water	  needed	   in	   the	  

toilet	   and	   waste	   weight.	   So	   the	   teamed	   played	   with	   different	   materials	   with	   different	   densities	   for	  

reducing	  as	  much	  as	  possible	  the	  size	  of	  the	  counterweight.	  Also	  since	  the	  main	  objective	  at	  this	  point	  

was	  to	  reduce	  the	  size,	  an	  extra	  force	  was	  added	  for	  making	  it	  easier	  for	  the	  counterweight	  to	  bring	  the	  

flapper	  back,	  so	  here	  is	  were	  the	  springs	  form	  previous	  concepts	  take	  action.	  A	  compression	  spring	  was	  

added	  to	  compensate	  that	  force	  that	  the	  counterweight	  was	  doing.	  Figure	  25	  illustrates	  were	  the	  spring	  

is	   placed	   and	   how	   it	   works	   in	   combination	   with	   the	   counterweight.	  

	  

Figure	  25.	  Counterweight	  and	  Spring	  Steps	  
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As	  a	  result,	  the	  final	  design	  is	  a	  flapper	  that	  is	  closed	  thanks	  to	  the	  force	  of	  the	  counterweight	  and	  the	  

traction	  spring	  that	  are	  in	  balance	  with	  the	  weight	  of	  the	  water	  in	  the	  bowl	  (.5L),	  and	  when	  extra	  weight,	  

including	  human	  waste	  and	  others	  (the	  team	  calculated	  that	  the	  maximum	  weight	  the	  flapper	  needed	  to	  

hold	   was	   1.5	   grams,	   including	   water	   and	  waste),	   is	   introduced	   into	   the	   bowl	   the	   counterweight	   and	  

spring	  are	  still	  heavier	  so	  the	  flapper	  is	  still	  closed.	  After	  the	  user	  flushes,	  the	  flapper	  will	  open	  25º	  and	  

once	  the	  counterweight	  passes	  the	  pivot	  point	  it	  would	  open	  to	  its	  maximum	  angle	  of	  55º	  in	  which	  all	  

waste	  and	  water	  will	  be	  able	  to	  evacuate.	  Finally	  the	  flapper	  will	  return	  slowly	  thanks	  to	  the	  force	  of	  the	  

spring	  and	  the	  counterweight.	  	  

On	  the	  following	  section,	  a	  full	  explanation	  of	  all	  the	  calculations	  and	  formulas	  needed	  for	  the	  flapper	  to	  

work	  will	  be	  explained.	  	  

6  Calculations  

As	  the	  main	  concept	  of	  this	  design	  revolves	  around	  the	  use	  of	  a	  counterweight,	  calculating	  appropriate	  

weights	   and	   distances	  was	   imperative	   to	   create	   a	   system	   that	  would	   stay	   in	   balance.	   The	   three	   vital	  

positions	  of	  the	  system	  are	  displayed	  below	  in	  Figure	  26.	  	  	  

	  

	  

Figure	  26.	  Schematic	  of	  Vital	  Position	  of	  Counterweight	  System	  

The	  first	  set	  of	  calculations	  were	  done	  considering	  the	  flapper	  in	  position	  1	  (P1),	  in	  order	  to	  determine	  

P3:	  Fully	  Opened	  P1:	  Closed	   P2:	  In	  Equilibrium	  

(Counterweight	  not	  acting)	  



	  

40	  

the	  maximum	  amount	  of	  weight	  or	  force	  the	  flapper	  will	  need	  to	  hold	  while	  still	  remaining	  fully	  closed.	  

The	  following	  equation	  was	  used	  to	  determine	  this	  maximum	  weight:	  

Equation	  1	  

Wtotal	  =	  Wwater	  +	  Wsolid	  +	  Wurine	  +	  Wflapper	  	  	  	  	  	  	  	  	  

Where	  Wtotal	   	   is	   the	   total	  weight	  acting	  on	   the	   flapper,	  Wwater,	   is	   the	  weight	  of	   the	  water	   in	   the	  bowl,	  

Wsolid	  is	  the	  maximum	  weight	  of	  solid	  waste	  that	  could	  occur,	  Wurine	  is	  the	  maximum	  weight	  of	  urine	  that	  

could	  occur,	  and	  	  Wflapper	  is	  the	  weight	  of	  the	  flapper.	  

Table	  4,	  shown	  below,	  displays	  the	  given	  values	  that	  were	  provided	  by	  the	  company	  based	  on	  previous	  

research.	  

Table	  4.	  Provided	  Values	  

hw,	  height	  of	  water	  in	  flapper/bowl	  	  	   30	  mm	  

Wsolid,	  maximum	  weight	  of	  solid	  waste	   500	  grams	  

Vurine,	  maximum	  volume	  of	  urine	  	   250	  mL	  

Vflush,	  volume	  of	  flush	  water	   1.5	  –	  2	  Liters	  

	  

	  

Table	  5.	  Densities	  of	  Related	  Materials	  

𝝆water,	  Density	  of	  Water	   1000	  kg/m3	  
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Using	  the	  data	  from	  Table	  4	  and	  5	  and	  Equations	  2	  and	  3	  all	  variables	  from	  Equation	  6.1	  could	  be	  

calculated.	  Equation	  relates	  density	  (𝜌),	  mass	  (m),	  and	  volume	  (V),	  and	  Equation	  6.3	  related	  weight	  (W)	  

and	  mass	  (m)	  where	  g	  is	  the	  constant	  acceleration	  due	  to	  gravity	  of	  9.81	  m/s.	  The	  results	  are	  shown	  

below	  in	  Table	  6.	  

Equation	  2	  

𝜌 =
𝑚
𝑉
	  

	  

Equation	  3	  

W	  =	  mg	  

Table	  6.	  Calculated	  Values	  of	  Weight	  acting	  on	  Flapper	  

Wwater,	  Weight	  of	  water	  in	  bowl	   454	  g	  -‐>	  4.45	  N	  

Wurine,	  Weight	  of	  urine	   257.5	  g	  -‐>	  2.52	  N	  

Wsolid,	  Weight	  of	  solid	   500	  g	  -‐>	  4.91	  N	  

Wflapper,	  Weight	  of	  flapper	   235.46	  g	  -‐>	  2.22	  N	  

WTotal,	  Total	  max	  weight	  of	  closed	  flapper	   1446.96	  g	  -‐>	  14.19	  N	  

𝝆urine,	  Density	  of	  Urine	  	   1015	  kg/m3	  

𝝆PPE,	  Density	  of	  Polypropylene	  (flapper	  material)	   946	  kg/m3	  

𝝆brass,	  Density	  of	  Brass	  (counterweight	  material)	  	   8700	  	  kg/m3	  
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WFlush	  Weight	  added	  by	  flush	   1.5	  kg	  -‐>	  14.72	  N	  

	  

After	  the	  maximum	  weight	  acting	  on	  the	  flapper	  at	  rest	  was	  determined,	  the	  necessary	  weight	  of	  the	  

counterweight	  and	  spring	  force	  needed	  to	  keep	  the	  system	  in	  position	  one	  could	  be	  calculated.	  A	  free	  

body	  diagram	  of	  the	  system	  in	  position	  one	  is	  shown	  below	  in	  Figure	  27.	  

	  

Figure	  27.	  Free	  Body	  Diagram	  of	  System	  at	  Rest	  

	  

	  

Wtotal	  :	  Maximum	  weight	  flapper	  must	  hold	  at	  rest	  

Wwc	  :	  Weight	  of	  counterweight	  (including	  bar)	  	  

Fs	  :	  Spring	  force	  

D:	  Distance	  from	  center	  of	  gravity	  of	  force	  to	  point	  of	  equilibrium	  

The	  required	  weight	  of	  the	  counterweight	  and	  spring	  force	  needed	  to	  balance	  the	  system	  at	  Wtotal	  was	  

calculated	  by	  summing	  the	  moments	  of	  the	  system	  about	  the	  equilibrium	  line.	  The	  resulting	  equation	  is	  

shown	  below	  in	  Equation	  4.	  

Fs	  

Wtotal	  

Wcw

wf	  D2	  

D1	   D3	  
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Equation	  4	  

𝑀𝑜 = 𝑊!"!#$ ∗ 𝐷! − (𝑊!" ∗ 𝐷! + 𝐹! ∗ 𝐷!)	  

Because	  the	  system	  should	  stay	  at	  rest	  or	  not	  moving	  with	  the	  force	  of	  𝑊!"!#$,	  it	  can	  be	  assumed	  that	  

the	  summation	  of	  the	  moments	  ( 𝑀𝑜)	  equals	  0	  at	  this	  point.	  Thus	  the	  equation	  becomes:	  

Equation	  5	  

𝑊!"!#$ ∗ 𝐷! = (𝑊!" ∗ 𝐷! + 𝐹! ∗ 𝐷!)	  	  	  

The	  D	  values	  were	  simply	  measured	  from	  the	  3D	  CAD	  prototype	  of	  the	  system	  and	  are	  shown	  in	  Table	  7.	  

Table	  7.	  Distances	  from	  Center	  of	  grevity	  of	  Forces	  to	  Equilibrium	  line	  

D1	   180	  mm	  

D2	   68	  mm	  

D3	   100	  mm	  

Due	  to	  size	  limitations	  there	  was	  a	  maximum	  volume	  that	  the	  cylinder	  could	  have	  to	  enable	  the	  system	  

to	  function	  properly	  within	  the	  attachment	  box.	  After	  testing	  various	  sizes	  and	  shapes	  of	  counterweights	  

within	  the	  CAD	  design,	  it	  was	  decided	  the	  most	  functional	  form	  for	  the	  counterweight	  would	  be	  two	  

smaller	  cylinders	  with	  a	  total	  volume	  of	  91.95	  cm3	  each	  one.	  

Knowing	  the	  material	  of	  the	  counterweight	  and	  therefore	  the	  density	  of	  the	  counterweight,	  Equations	  2	  

and	  3	  were	  then	  used	  to	  find	  the	  desired	  weight	  of	  the	  counterweight.	  	  

Once	  Wcw	  was	  calculated,	  it	  could	  be	  plugged	  into	  Equation	  5	  along	  with	  the	  values	  in	  Table	  7	  to	  solve	  

for	  Fs,	  the	  necessary	  spring	  force.	  The	  calculated	  values	  for	  these	  balancing	  forces	  are	  shown	  below	  in	  

Table	  8.	  	  	  

Table	  8.	  Final	  Values	  for	  Forces	  Acting	  to	  Balance	  System	  

Wcw,	  Weight	  of	  Counterweight	   1.6	  kg	  
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Fs,	  Spring	  Force	   1.072	  N	  

	  

Equation	  6	  

𝐹 = 𝑘𝑥	  	  	  	  	  

With	   the	   Fs	   calculated,	  we	  use	   the	  equation	  6	   to	   find	   the	   approximated	   characteristics	   of	   the	   spring,	  

constant	  (k)	  and	  the	  distance	  displaced	  by	  the	  spring.	  Using	  an	   initial	  displacement	  of	  15	  mm,	  we	  find	  

that	  the	  k	  of	  our	  spring	  should	  be	  0.0714	  N/mm	  

Table	  9.	  Spring	  Characteristics	  

k	   0.0714	  N/mm	  

x	   15	  mm	  

	  

After	  all	  the	  calculations	  of	  the	  rest	  position	  were	  done,	  it	  is	  necessary	  to	  check	  if	  the	  spring	  chosen	  is	  

able	  to	  turn	  back	  the	  flapper	  to	  the	  rest	  position	  

	  

Figure	  28.	  Free	  Body	  Diagram	  of	  System	  at	  55º	  
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Once	  the	  new	  distances	  are	  known	  (table	  8),	  they	  can	  be	  plugged	  into	  the	  the	  Equation	  5,	  taking	  in	  

consideration	  that	  now	  the	  weight	  of	  the	  counterweight	  (Wcw)	  is	  acting	  in	  the	  other	  direction,	  working	  

now	  against	  the	  spring.	  	  

Table	  10.	  Distances	  from	  Center	  of	  Gravity	  of	  Forces	  to	  Equilibrium	  line	  at	  55º	  

D4	   103.24	  mm	  

D5	   13.4	  mm	  

D6	   57.36	  mm	  

	  

As	  a	  result,	  we	  come	  up	  with	  a	  spring	  force	  of	  2.534	  N.	  So,	  as	  we	  expected,	  the	  maximum	  force	  of	  the	  

spring	  remains	  in	  reasonable	  values.	  

7  Materials  

7.1  Material  Selection  

For	   this	   project,	   choosing	   the	   right	  material	   is	   a	   crucial	   part.	   According	   to	  Michael	   Ashby	   in	  Material	  

Selection	   in	   Mechanical	   Design,	   the	   design	   of	   engineering	   components	   involves	   three	   interrelated	  

problems:	  (i)	  selecting	  materials,	  (ii)	  specify	  a	  shape	  and	  (iii)	  choosing	  a	  manufacturing	  process.	  	  Getting	  

these	   components	   right	   since	   the	   beginning	   of	   the	   process	   can	   bring	   enormous	   benefits	   such	   as	  

lowering	  the	  product	  cost,	   faster	  tome-‐to	  market,	  a	  reduction	   in	  the	  number	  of	   in-‐service	  failures	  and	  

sometimes,	  significant	  advantages	  relative	  to	  the	  competition.	  [47]	  

In	  this	  case,	  for	  guarantee	  better	  results	  on	  the	  manufacture	  of	  the	  flapper,	  the	  material	  that	  was	  going	  

to	  be	  chosen	  needed	  to	  accomplished	  the	  following	  characteristics:	  

• Durable	  

• Resistant	   to	   chemical	   attacks	   such	   as	   in-‐tank	   bowl	   cleaners	   and	   most	   important:	   urine	  

chemicals	  
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• The	  material	  should	  maximize	  the	  leak	  free	  life	  of	  the	  flapper	  

• Smooth	  and	  even	  surfaces	  

• Impact	  of	  environmental	   factors	  such	  as	  heat,	  cold,	  expansion,	  contraction,	  corrosion,	  pH	  and	  

bacteria	  levels.	  

• Low	  cost	  material	  

• Low	  maintenance	  

The	  material	   that	   is	  chosen	  can’t	  have	  any	  warping,	   swelling,	  blistering	   to	  high	   temperature	  nor	  crack	  

under	  any	  circumstances.	  	  

7.2  Plastics  vs.  Metals  

According	  to	  the	  previous	  needs	  and	  considerations,	  the	  team	  started	  to	   look	  for	  possible	  materials	   in	  

which	  metals	  and	  plastic	  were	  the	  one	  that	  could	  meet	  the	  conditions	  established.	  For	  the	  next	  steps,	  

the	  advantages	  and	  disadvantages	  of	  both	  of	  them	  needed	  to	  be	  in	  consideration.	  After	  doing	  research,	  

the	  advantages	  of	  fabricating	  in	  plastic	  are	  listed	  below	  :	  

• Ease	  of	  forming:	  Plastic	  can	  be	  formed	  into	  basic	  and	  complex	  geometries	  with	  relative	  ease	  due	  

to	  its	  low	  melting	  point.	  

• Reduced	  finishing:	  Unlike	  most	  metals,	  plastics	  can	  be	  colored	  prior	   to	   fabrication,	  eliminating	  

the	  need	  for	  certain	  post-‐treatment	  processes.	  

• Faster	   production:	   Plastic	   fabrication	   most	   of	   the	   times	   involves	   quick	   cycles	   times	   and	   fast	  

turnover	  rates.	  

• Lighter	  weight:	  Plastics	  typically	  weight	  less	  than	  metals	  of	  comparable	  dimensions.	  

• Chemical	  resistance:	  Plastics	  are	  generally	  less	  susceptible	  than	  metal	  to	  damage	  from	  chemicals	  

or	  chemicals	  reaction.	  [48]	  

Also,	   a	   few	   disadvantages	   of	   fabricating	   in	   plastic	   were	   found,	   such	   as:	   limited	  wear	   resistance.	   This	  

means	   than	  since	  plastic	  has	  a	   low	  resistance	   threshold	   for	  elevating	   temperatures,	  acidity,	  and	  other	  

corrosive	   elements.	   	   Also	   plastic’s	   structural	   weaknesses	   are	   unsuited	   for	   applications	   requiring	   high	  

structural	  strength,	  such	  as	  heavy	  equipment	  components	  and	  most	  building	  materials.	  

On	  the	  other	  side,	  metals	  generally	  provide	  the	  following	  advantages	  over	  plastic	  fabrication:	  	  
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• Heat	  resistance:	  Metals	  typically	  have	  higher	  melting	  points	  and	  are	  less	  likely	  to	  degrade	  under	  

elevated	  temperatures.	  

• Improved	   strength:	   Metal	   grades	   tend	   to	   be	   stronger,	   harder,	   and	   more	   durable	   than	   their	  

plastic	  counterparts.	  

• Versatility:	  Metals	  can	  be	  fabricated	  through	  a	  wide	  range	  of	  processes	  such	  as	  casting,	  welding,	  

forging,	  soldering,	  and	  others.	  	  

• Cost-‐effectiveness:	  Particularly	  in	  high	  volume	  or	  long-‐term	  production	  runs	  metals	  are	  usually	  a	  

cost	  effective	  option.	  	  [48]	  

Even	   though	   fabricating	   in	   metal	   offers	   numerous	   benefits,	   metal	   is	   not	   ideal	   for	   every	   application.	  

Some	  of	  the	  disadvantages	  include	  secondary	  operations,	  such	  as	  post-‐fabrication	  processes,	  which	  can	  

be	  time-‐consuming	  or	  costly.	  Design	  limitations	  for	  crafting	  highly	  complex	  geometries	  or	  shapes	  thanks	  

to	  the	  viscosity	  and	  molten	  flow	  behavior	  of	  some	  metals.	  And	  finally	  high	  start-‐up	  feed,	  this	  means	  the	  

metal	  tooling	  costs	  are	  typically	  more	  expensive	  than	  comparable	  plastic	  fabrication	  tooling.	  	  

Taking	   in	  consideration	   these	   lists	  of	  advantages	  and	  disadvantages	  and	  discussing	  with	   the	  company,	  

the	   team	   decided	   that	   plastics	   should	   be	   better	   for	   manufacturing	   the	   flapper	   and	   most	   of	   its	  

components	   of	   the	   design	   since	   the	   advantages	   were	   more	   than	   fabricating	   with	   metals,	   and	   also	  

plastics	  helped	  to	  fulfill	  the	  needs	  and	  characteristics	  that	  the	  team	  needed	  and	  listed	  in	  the	  beginning	  

of	  this	  section.	  	  

7.3  Plastics  

Plastic	  is	  made	  from	  hydrocarbons	  found	  in	  oil	  and	  natural	  gas.	  It’s	  created	  when	  small	  molecules,	  called	  

monomers,	   are	   bonded	   together	   into	   chains	   called	   polymers.	   Different	   monomers,	   when	   bonded	  

together,	  create	  different	  kinds	  of	  plastic;	  some	  are	  soft	  and	  pliable,	  some	  hard	  and	  durable,	  and	  others	  

somewhere	  in	  between.	  [53]	  Because	  of	  this,	  further	  investigation	  among	  the	  different	  kinds	  of	  plastics	  

and	  their	  properties	  was	  needed	  for	  a	  better	  understanding	  on	  how	  each	  material	  behaves	  and	  which	  

one	   would	   fit	   better	   to	   the	   project’s	   needs.	   A	   summary	   of	   the	   different	   kinds	   of	   plastics	   and	   their	  

characteristics	  are	  specified	  in	  the	  table	  11.	  
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Table	  11.	  Plastics	  Classifications	  and	  Properties	  

Plastics	  

classification	  

Molecular	  chains	   Formability	   Melting	  points	   Others	  

Thermoset	  

plastics	  

Three-‐dimensional	  

molecular	  chains	  

They	  can	  no	  

longer	  be	  

shaped	  after	  

hardening.	  

Cannot	  be	  

melded	  after	  

hardening.	  

Good	  chemical	  resistance	  

and	  a	  high	  level	  of	  

thermal	  stability	  

Elastomers	   “Knotted”	  

molecular	  chains	  

High	  Level	  of	  

dimensional	  

stability	  but	  are	  

still	  elastically	  

malleable.	  

Cannot	  be	  

melded	  before	  

after	  hardening.	  

By	  applying	  load	  (for	  

instance	  tensile	  load)	  the	  

chains	  become	  

disentangled,	  but	  after	  

removal	  of	  the	  load	  they	  

relax	  again.	  

Thermoplastics	   Molecular	  chains	  

are	  not	  cross-‐

linked	  

The	  formability	  

is	  reversible.	  

	  

Thermosormabl

e	  (meltable	  and	  

weldable)	  

	  

	  

Since	  the	  flapper	  has	  to	  be	  durable	  and	  resistant	  since	  it	  is	  planned	  to	  last	  as	  long	  as	  possible	  with	  the	  

minimum	  maintenance,	  have	  a	  good	  chemical	  resistance	  for	  preventing	  any	  kind	  of	  material	  cracking	  or	  

deformation	  thanks	  to	  in-‐tanks	  bowl	  cleaners	  or	  urine	  acids,	  and	  resistant	  to	  environmental	  factors	  such	  

as	  heat,	  cold,	  corrosion,	  pH,	  etc,	  Also	  the	  material	  chosen	  has	  to	  avoid	  any	  kind	  of	  warping	  and	  swelling.	  

The	  team	  reduced	  the	  options	  into	  choosing	  between	  thermoset	  plastics	  and	  thermoplastics,	  since	  are	  

the	  ones	  that	  better	   fit	   to	  these	  characteristics.	  On	  the	  following	  tables,	  a	   list	  of	   the	  classification	  and	  

several	  uses	  of	  thermoplastics	  and	  thermoset	  plastics	  are	  listed.	  
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Table	  12.	  Thermoplastics	  Classification	  [49]	  
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Table	  13.	  Thermoset	  Plastic	  Classification	  [49]	  

	  

For	  the	  flapper,	  the	  team	  decided	  that	  according	  to	  the	  material	  properties,	  using	  polypropylene	  as	  the	  

main	  material	  would	  guarantee	  a	  better	  performance	  and	  a	  better	  life	  cycle	  of	  the	  product.	  Some	  of	  the	  

most	   important	   properties	   of	   polypropylene	   that	   the	   flapper	   needs	   to	   have	   are:	   rigid	  material,	   good	  

chemical	  resistance,	  though,	  good	  fatigue	  resistance,	  integral	  hinge	  property	  and	  a	  good	  heat	  resistance.	  

Another	   important	   factors	   are	   that	   PP	   does	   not	   present	   stress-‐cracking	   problems,	   offers	   an	   excellent	  

chemical	   resistance	   at	   higher	   temperatures,	   lower	   density,	   higher	   rigidity	   and	   hardness	   compared	   to	  

those	  of	  Polyethylene	  and	  also	  this	  material	  offers	  the	  option	  that	  additives	  can	  be	  applied	  in	  order	  to	  

protect	  the	  polymer	  during	  processing	  and	  to	  enhance	  end-‐use	  performance.	  	  

The	  production	  of	  polypropylene	  was	  also	  an	  important	  factor	  for	  the	  team	  to	  choose	  this	  material.	  The	  

manufacture	  of	  the	  flapper	  needs	  to	  be	  as	  simple	  as	  possible	  and	  also	  a	  cheap	  process.	  Polypropylene	  

can	   be	   processed	   by	   virtually	   all	   thermoplastic-‐processing	   methods.	   Most	   typically	   PP	   Products	   are	  

manufactured	   by:	   Extrusion	   Blow	   Molding,	   Injection	   Molding,	   and	   General	   Purpose	   Extrusion.	  
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Polypropylene	   is	  a	  relatively	  easy	  material	   for	   injection	  molding.	   	  When	   injecting	  the	  pieces,	  there	  are	  

some	  rules	  that	  have	  to	  be	  in	  consideration	  at	  the	  time	  of	  designing	  the	  form	  of	  the	  flapper.	  The	  most	  

important	  rules	  to	  consider	  are	  [50]:	  

• Decrease	  the	  maximum	  wall	   thickness	  of	  a	  part	  to	  shorten	  the	  cycle	  time	  and	  reduce	  the	  part	  

volume.	  

• Uniform	  wall	  thickness	  will	  ensure	  uniform	  cooling	  and	  reduce	  defects.	  

• Round	  corners	  to	  reduce	  stress	  concentrations	  and	  fracture	  

• Inner	  radius	  should	  be	  at	  least	  the	  thickness	  of	  the	  walls	  

• Apply	  a	  draft	  angle	  of	  1º	  to	  2º	  to	  all	  walls	  parallel	  to	  the	  parting	  direction	  to	  facilitate	  removing	  

the	  part	  from	  the	  mold	  

• Add	  ribs	  for	  structural	  support,	  rather	  than	  increasing	  the	  wall	  thickness.	  

• Orient	  ribs	  perpendicular	  to	  the	  axis	  about	  which	  may	  occur.	  

• Thickness	  of	  the	  ribs	  should	  be	  50-‐60%	  of	  the	  walls	  to	  which	  they	  are	  attached	  

• Height	  of	  the	  ribs	  should	  be	  less	  than	  three	  times	  the	  wall	  thickness	  

Resist	  to	  any	  kind	  of	  chemical	  attack	  needed	  to	  be	  in	  consideration	  for	  choosing	  a	  materials	  since	  the	  

flapper	  would	  be	  exposed	  to	  different	  kind	  of	  acids,	  especially	  those	  acids	  that	  can	  be	  found	  on	  the	  

urine.	  Polypropylene	  resistance	  to	  some	  chemicals	  can	  be	  shown	  on	  table	  14.	  

Table	  14.	  Polypropylene	  Chemical	  Resistance	  
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After	  analyzing	  all	   the	  characteristics	  of	   the	  plastic	  and	  the	  ones	   that	   the	   flapper	  needed	  to	  have,	   the	  

team	   concluded	   that	   polypropylene	   would	   be	   the	   primary	   material	   used	   in	   the	   final	   design.	   Also	  

polypropylene	   would	   be	   used	   in	   other	   components	   of	   the	   design	   such	   as	   the	   box	   and	   holders.	   This	  

would	  be	  described	  in	  later	  sections	  of	  this	  report.	  	  

	  

For	  protecting	   the	  whole	  mechanism	  and	   for	  adapting	   it	   to	   the	   toilet,	   a	  box	  was	  designed	  which	  also	  

needed	  to	  have	  the	  same	  characteristics	  of	  durability,	  strength	  and	  resistance	  as	  the	  flapper.	  Since	  the	  

box	  is	  the	  one	  that	  is	  going	  to	  be	  in	  constant	  contact	  with	  the	  user	  and	  is	  the	  one	  that	  will	  give	  the	  first	  

impression	  of	  the	  product,	  the	  team	  decided	  to	  use	  PP	  as	  well,	  not	  only	  because	  of	   its	  properties,	  but	  

also	  because	  of	  the	  aesthetics	  that	  plastic	  can	  give.	  	  

	  

	  

7.4  Metals  

In	  section	  7.2,	  metals	  were	  discarded	  as	  an	  option	  for	  the	  fabrication	  of	  the	  flapper,	  but	  another	  part	  of	  

the	   design	   is	   the	   counterweight.	   The	   counterweight	   will	   play	   a	   very	   important	   role	   since	   is	   the	   one	  

would	  maintain	   the	   flapper	   closed,	   would	   open	   the	   flapper	   when	   flushed,	   and	  would	   help	   close	   the	  

flapper	  back	  again	   to	   its	   initial	  position.	  The	   flapper	  need	  to	  hold	  closed	  about	  1.5	   liters	  of	  water	  and	  

some	  extra	  weight	  from	  human	  waste,	  and	  any	  extra	  weight,	  in	  this	  case,	  of	  the	  flushing	  water,	  will	  open	  

the	   flapper	   since	   it	  would	  weight	  more	   than	   the	  counterweight.	  After	   calculations,	   the	  counterweight	  

needed	  to	  be	  from	  1	  to	  3	  kilograms,	  which	  is	  still	  something	  that	  the	  team	  is	  working	  on	  reducing.	  	  

	  

Another	  major	  challenges	  the	  team	  faced	  is	  the	  final	  size	  of	  the	  counterweight.	  The	  team	  needs	  to	  have	  

a	  counterweight	  with	  a	  reasonable	  size	  for	  placing	  in	  on	  top	  of	  the	  flapper	  and	  inside	  the	  box.	  Because	  

of	  this,	  the	  material	  for	  the	  counterweight	  needs	  to	  have	  a	  big	  density	  for	  having	  the	  greater	  weight	  in	  a	  

smaller	  size.	  Because	  of	  this,	  different	  kinds	  of	  metals	  were	  analyzed	  since	  there	  are	  the	  ones	  with	  the	  

highest	  densities.	  	  
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Table	  15.	  Metal	  Counterweight	  Comparison	  

	  

As	  we	  can	  see	  on	  table	  15,	  Tungsten	  is	  the	  metal	  with	  the	  highest	  density.	   	  Tungsten	  steel	   is	  a	  type	  of	  

metal	   alloy	   made	   from	   a	   combination	   of	   tungsten	   and	   iron.	   Thanks	   to	   its	   excellent	   hardness	   and	  

resistance	   to	   heat,	   equipment	   made	   from	   tungsten	   steel	   maintains	   a	   high	   performance	   and	   a	   high	  

resistance	   to	   wear	   at	   high	   temperatures.	   Tungsten	   steel	   is	   commonly	   used	   in	   industrial	   tools	   and	  

machinery	   used	   for	  working	   other	  metals	   such	   as	   dies	   and	   cutting	   tools.	   Unfortunate,	   because	   of	   its	  

hardness	   it	  makes	   it	   a	   very	  difficult	  material	   to	  work	  with	  and	   to	  manufacture	   increasing	   the	  price	  of	  

production.	  Because	  of	   this,	   tungsten	  was	  discarded	  as	  an	  option	  and	   lead	  and	  stainless	  steel	  became	  

the	  next	  options.	  	  

When	   the	   counterweight	   was	   calculated	   with	   stainless	   steel,	   the	   size	   of	   the	   counterweight	   was	   still	  

considered	  big	  and	  rough.	  For	   reducing	  the	  size	  of	   the	  counterweight	  using	  this	  material,	   the	  box	  and	  

the	  stem	  of	   the	   flapper	  needed	  to	  be	  bigger	  and	   longer	   respectively,	  which	  wasn’t	  convenient	   for	   the	  

design.	  Also	  the	  company	  decided	  to	  leave	  stainless	  steel	  because	  of	  the	  cost,	  having	  a	  mass	  production	  

with	  the	  dimensions	  of	  the	  counterweight,	  would	  result	   in	  a	  very	  expensive	  toilet.	  Because	  of	  this,	  the	  

company	  and	  the	  team	  decided	  to	  redesign	  the	  counterweight	  in	  base	  of	  using	  lead,	  looking	  to	  reduce	  

the	  size	  of	  the	  counterweight	  without	  scarifying	  the	  weight	  and	  the	  size	  of	  the	  box	  and	  longitude	  of	  the	  

stem.	  	  



	  

54	  

The	  team	  and	  company	  are	  well	  aware	  of	  the	  implications	  and	  ecologic	  problematic	  of	  using	  lead	  as	  its	  

primary	  material,	  but	  since	  one	  of	  the	  main	  objectives	  was	  reducing	  sizes,	  the	  company	  agreed	  that	  for	  

this	  stage	  of	  the	  prototyping	  and	  testing	  it	  would	  be	  fine	  to	  use	  lead,	  and	  for	  later	  stages	  of	  the	  project,	  

dedicate	  to	  find	  another	  material	  with	  similar	  densities	  as	  lead.	  	  

For	  the	  final	  product	  proposal,	  the	  material	  for	  the	  counterweight	  is	  brass,	  which	  is	  mainly	  an	  alloy	  that	  

consists	  of	  copper	  with	  zinc	  added.	  Brasses	  can	  have	  varying	  amounts	  of	  zinc	  or	  other	  elements	  added.	  

Brass	  has	  a	  density	  of	  8520	  kg/m3	  which	  gave	   the	   team	  a	  good	  margin	   for	  modifying	  and	   testing	   the	  

counterweight	  size	  and	  volume.	  

8  Prototype  

8.1  First  stage  prototyping  

A	  prototype	  is	  an	  early	  sample,	  model,	  or	  release	  of	  a	  product	  built	  to	  test	  a	  concept	  or	  process	  or	  to	  act	  

as	  a	  thing	  to	  be	  replicated	  or	  learned	  from	  [52].	  For	  the	  first	  stage,	  the	  whole	  concept	  was	  going	  to	  be	  

tested,	  the	  team	  wanted	  to	  prove	  if	  the	  counterweight	  theory	  of	  passing	  the	  pivot	  point	  will	  be	  enough	  

for	  opening	  and	  closing	  the	  flapper	  and	  most	  important,	  how	  strong	  the	  spring	  needed	  to	  be	  for	  helping	  

the	  counterweight	  to	  act.	  	  

The	  first	  rough	  prototype	  was	  barely	  similar	  in	  shape	  to	  the	  original	  design,	  but	  since	  the	  function	  was	  

the	  one	  that	  was	  being	  tested,	  the	  team	  focused	  the	  minimum	  in	  appearance	  for	  this	  stage.	  Pictures	  of	  

the	  prototype	  are	  shown	  below.	  	  

From	  this	  stage,	  the	  results	  were	  favorable.	  In	  theory,	  a	  counterweight	  of	  1.5	  kg	  with	  a	  certain	  unknown	  

traction	   spring	   would	  maintain	   the	   flapper	   on	   balance	   with	   water	   and	   human	  waste.	   After	   testing	   a	  

several	   range	   of	   springs,	   the	   spring	   that	   had	   the	   better	   performance	   was	   spring	   21231	   (OldisFer	  

Ferretería)	  with	  the	  following	  characteristics:	  	  
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Figure	  29.	  Spring	  Characteristics	  

	  

The	   counterweight	  of	  1.5	  kg	  with	   this	   spring,	   could	  maintain	   the	   flapper	  perfectly	  balance	  and	  closed	  

just	   before	   the	   user	   flushes	   the	   toilet.	   When	   the	   user	   flushes	   and	   extra	   kilogram	   of	   fresh	   water	   is	  

introduced	  in	  the	  bowl,	  this	  extra	  force	  opens	  the	  flapper	  making	  the	  counterweight	  pass	  the	  pivot	  point	  

and	  open	   to	   its	  maximum	  55º.	  When	  all	   the	   extra	  weigh	   is	   eliminated	   the	   flapper	   return	   to	   its	   initial	  

position.	  	  

The	  problem	  faced	  in	  this	  stage	  was	  the	  returning	  of	  the	  flapper.	  When	  all	  the	  weigh	  was	  discarded	  from	  

the	  flapper	  the	  return	  was	  strong	  since	  the	  counterweight	  and	  the	  spring	  were	  acting	  against	  nothing.	  

So	  the	  challenges	  after	  this	  stage	  were	  finding	  a	  way	  to	  slow	  down	  the	  return	  of	  the	  flapper	  and	  also,	  

redesign	  the	  flapper	  so	  that	  the	  shape	  could	  help	  the	  water	  and	  waste	  run	  smoothly	  to	  the	  pipes.	  	  

8.2  Second  stage  prototyping  

For	  this	  stage,	  the	  company	  provided	  an	  actual	  toilet	  bowl	  for	  the	  team	  to	  adapt	  the	  mechanical	  system	  

of	  the	  flapper	  to	  a	  more	  realistic	  scenario.	  As	  the	  original	  design,	  the	  S-‐trap	  was	  removed	  form	  the	  vitro	  

china	  toilet	  as	  shown	  in	  Figure	  30.	  The	  main	  objective	  of	  this	  stage	  was	  to	  test	  shapes	  and	  forms.	  Since	  

the	   functionality	   of	   the	   mechanism	   had	   been	   testes	   in	   previous	   stages,	   now	   the	   team	   faced	   the	  

challenge	  of	  making	  a	  functional	  prototype	  with	  the	  mechanism	  and	  as	  close	  as	  possible	  to	  the	  final	  and	  

original	  design	  in	  terms	  of	  appearance	  of	  the	  product.	  For	  making	  it	  more	  realistic,	  the	  flapper	  was	  3D	  

printed	  and	  the	  material	  of	  the	  counterweight	  was	  changed	  into	  cast	  iron	  for	  a	  similar	  form	  as	  the	  final	  
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design.	  	  

	  

Figure	  30.	  Vitro	  China	  Toilet	  with	  no	  S-‐Trap	  

The	  main	  problems	  faced	  during	  this	  stage	  were	  fitting	  the	  whole	  mechanisms	  inside	  the	  toilet.	  Trying	  to	  

find	   new	   ways	   to	   reduce	   sizes,	   the	   team	   started	   playing	   with	   the	   positions	   and	   shape	   of	   the	  

counterweight	  to	  find	  if	  it	  could	  work	  with	  less	  weight.	  As	  a	  result,	  the	  team	  managed	  to	  reduce	  the	  size	  

of	  the	  counterweight	  from	  1.5	  grams	  to	  1.34	  grams,	  reducing	  significantly	  the	  size.	  	  Also	  for	  reducing	  the	  

size,	  the	  team	  introduced	  some	  lead	  bass	  drops	  pieces	  used	  in	  fishing	  just	  like	  figure	  31	  shows.	  With	  this	  

the	  team	  succeed	  to	  have	  the	  effect	  and	  function	  of	  the	  counterweight	  with	  a	  considerable	  size	  that	  fit	  

perfectly	  in	  the	  toilet.	  

	  

Figure	  31.	  Lead	  Bass	  Drops	  
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Other	   problem	   faced	  was	   the	   shape	   of	   the	   flapper.	   The	   team	   discovered	   that	   for	   the	  mechanism	   to	  

work,	  the	  flapper	  should	  hold	  the	  water	  and	  not	  let	  it	  escape,	  since	  if	  this	  happens,	  the	  weight	  needed	  

to	   open	   would	   never	   be	   reached.	   Since	   the	   flapper	   had	   the	   shape	   shown	   in	   figure	   32,	   water	   easily	  

escape	   from	  the	   front	  part	   since	   it	  didn’t	  have	   the	  proper	   seal	  and	  proper	   fitting	   to	   the	   toilet.	   So	   the	  

team	  decided	  to	  try	  sealing	  it	  and	  change	  the	  shape	  of	  the	  flapper	  for	  a	  better	  fit.	  The	  final	  shape	  of	  the	  

flapper	  is	  shown	  in	  figure	  33.	  

	  

Figure	  32.	  Initial	  Flapper	  Concept	  

	  

	  

	  

	  

	  

Figure	  33.	  Final	  Flapper	  

With	  this	   final	  shape	  the	  team	  prevents	  the	  escape	  of	  water	  and	  allows	  the	  flapper	  to	  hold	  the	  water	  

until	  the	  necessary	  weight	  is	  reached	  for	  open	  the	  flapper.	  Also	  the	  shape	  of	  the	  flapper	  avoids	  that	  any	  

waste,	  including	  human	  waste	  and	  paper,	  stick	  in	  the	  flapper.	  	  
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9  Final  Prototype  

The	  result	  form	  the	  prototype	  stage	  is	  shown	  from	  figure	  34	  through	  37.	  With	  this	  prototype	  the	  

concept	  of	  having	  a	  counterweight	  passing	  the	  rotation	  point	  at	  certain	  angles	  and	  with	  extra	  force	  of	  a	  

traction	  spring,	  would	  help	  the	  flapper	  to	  open	  fast	  for	  discarding	  the	  waste	  and	  a	  slow	  and	  most	  

important,	  control	  close	  up,	  avoiding	  splashes	  and	  material	  crashing.	  	  	  

With	   the	   prototype	   the	   team	   was	   able	   to	   make	   important	   changes	   and	   modifications	   to	   the	   final	  

product,	   such	  as	   the	  weight	  needed	  to	  maintain	   the	   flapper	  closed	   in	  balance	  and	  to	  help	   the	   flapper	  

open	   quickly	  was	   smaller	   than	   calculated.	   Also	   the	   shape	   of	   the	   flapper	  was	   improved	   thanks	   to	   the	  

results	  in	  this	  stage.	  All	  this	  benefited	  the	  final	  design	  especially	  in	  terms	  of	  shapes	  and	  sizes.	  The	  team	  

was	  able	  to	  reduce	  the	  initial	  sizes	  for	  the	  elements	  having	  as	  a	  result	  a	  more	  compact	  product.	  

	  

	  
Figure	  34.	  Closed	  Flapper	  Prototype	  



	  

59	  

	  

Figure	  35.	  open	  Flapper	  at	  25º	  Prototype	  

	  

Figure	  36.	  Fully	  Open	  Flapper	  Prototype	  
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Figure	  37.	  Flapper	  Prototype	  

10  Final  Product  

As	   a	   result	   of	   extensive	   research,	   calculations,	   and	   prototyping,	   the	   team	   made	   a	   fully	   mechanical	  

system	  in	  which	  1.5	  L	  of	  water	  is	  saved.	  This	  product	  is	  ideal	  for	  environments	  that	  use	  latrines	  and	  need	  

a	  low	  maintenance	  and	  a	  low	  cost	  product.	  The	  final	  product	  is	  illustrated	  on	  the	  following	  images.	  	  
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Figure	  38.	  Final	  Flapper	  Closed	  

	  

Figure	  39.	  Final	  Flapper	  Fully	  Open	  

	  

Figure	  40.	  Final	  Flapper	  Fully	  Open	  



	  

62	  

	  

Figure	  41.	  Final	  Flapper	  Box	  

	  

	  

	  

  

  

  

	   Figure	  42.	  Final	  Flapper	  Top	  view	  
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11  Cost  Analysis  

	  

Company	  
	   	   	   	   	   	   	  Roca	  
	   	   	   	   	   	   	  

	   	   	   	   	   	   	   	  
W.S.T.F	  	  

Water	  Saving	  Toilet	  
flapper	  

	   	   	   	  

	   	   	   	   	   	   	   	  Cost	  Analysis	  
	   	   	   	   	   	   	  

	   	   	   	   	   	   	   	  
Product	  

	  

Flapper	  and	  Box	  placed	  below	  
Toilet	  

	   	   	  

	   	   	   	   	   	   	   	  

	   	   	   	   	   	   	   	  
Part	  

	  
Material	  

	  
Quantity	  

How	  it	  will	  be	  
Manufactured	   Cost	  

	   	   	   	   	   	   	   	  

	   	   	   	   	   	   	   	  

Flapper	  	  

	  

Polyprofelyne	  

	  

110mm	  
length	  
arm	  +	  
front	  
bowl	  
50mm	  
legth	  30	  
mm	  
height	  

3d	  Manufactured	  

10-‐12	  euro	  (	  average	  
cost	  is	  around	  45	  cent	  
for	  1	  metre	  and	  3mm	  

thickess)	  plus	  
electricity	  and	  labour	  

17	  euro	  
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Counterweigh
t	   Brass	   1.2	  kg	   Bought	  per	  kg	  after	  

manufacter	  to	  design	  	  

5	  euro	  (	  1kg	  costs	  
around	  3	  .50)	  +	  

further	  
manufacturing/Labou
r.	  Total	  10-‐12	  euro	  

	   	   	   	   	   	   	   	  

seal	  	   Rubber	  

3mm	  
thick	  seal	  
7mm	  
depth	  

manufature	  by	  roca	  
company	   5-‐8	  euro	  

	   	   	   	   	   	   	   	  

Axix	  pipe	   Alluminium	  

50mm	  
length	  
20mm	  

diameter	  

bought	  and	  equiped	  

5	  euro	  per	  length	  

	   	   	   	   	   	   	   	  

	   	   	   	   	   	   	   	  

outer	  case	  

Polyvinylchloride	  Pvc	  

1	  meter	  
length	  
0.5	  

metre	  
width	  

injection	  moulded	   25-‐30	  euro	  	  

	   	   	   	   	   	   	   	  

	   	   	   	   	   	   	   72	  euro	  approx	  
estimation	  

	   	   	   	   	  
Overall	  Cost	  Apx	  

	   	   	   	   	   	   	  
	  

12  Conclusions  and  Recommendations  

As	  previously	  stated	  in	  this	  report	  the	  main	  objective	  for	  this	  project	  was	  to	  replace	  the	  current	  water	  

trap	  in	  the	  toilet	  with	  a	  mechanical	  trap	  system	  that:	  	  

• Meets	  the	  same	  functions	  as	  the	  current	  water	  trap	  

• Provides	  an	  equally	  robust	  back	  odor	  prevention	  by	  keeping	  an	  equivalent	  water	  seal,	  	  

• Allows	  for	  a	  significant	  flush	  water	  reduction.	  

• Be	  based	  solely	  on	  mechanics	  and	  hydraulics	  

The	   new	   flapper	   design	   succeeds	   in	   significantly	   conserving	   the	   water	   used	   during	   the	   flush	   by	  

reducing	  the	  water	  used	  in	  the	  trap	  system	  from	  3-‐4.5	  liters	  to	  1.5	  L,	  thus	  saving	  a	  total	  of	  1.5-‐3	  liters	  
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of	  water	  per	  flush.	  The	  seal	  added	  between	  the	  box	  and	  vitro	  china	  in	  conjunction	  with	  a	  small	  volume	  

(.5	   liters)	  of	  water	   in	  the	  bowl	  maintains	  an	  equivalent	   level	  of	  odor	  prevention	  as	  the	  previous	  water	  

trap	  system	  design.	  Along	  with	  odor	  prevention	  the	  water	  in	  the	  bowl	  helps	  to	  maintain	  the	  cleanliness	  

of	  the	  flapper	  by	  preventing	  waste	  from	  sticking	  to	  the	  mechanism.	  	  In	  addition	  the	  system	  is	  designed	  

to	  only	  need	  the	  force	  of	  the	  flush	  to	  open,	  and	  functions	  with	  the	  use	  of	  only	  the	  mechanical	  systems	  of	  

springs	   and	   a	   counterweight.	   Therefore	   this	   project	   successfully	   met	   the	   required	   objectives	   of	  

conserving	  water	  while	  still	  maintaining	  the	  same	  functions	  as	  the	  previous	  system.	  

However	  further	  testing	  is	  required	  before	  this	  design	  can	  be	  manufactured	  on	  a	  broad	  scale.	  Because	  

this	  design	  relies	  on	  springs	  it	  is	  imperative	  to	  do	  fatigue	  testing	  to	  calculate	  the	  exact	  life	  of	  this	  design	  

to	  determine	  whether	   the	  maintenance	  cost	   for	   this	  design	   is	   reasonable	  or	  not.	  Although	  the	  overall	  

cost	   of	   the	   system	  was	   calculated	   to	   be	   approximately	   72	   euros,	   if	   it	   requires	   constant	  maintenance	  

then	  it	  is	  not	  usable.	  	  

The	  team	  also	  has	  several	  recommendations	  for	  the	  improvement	  of	  this	  design	  that	  they	  were	  not	  able	  

to	  complete	  due	  to	  a	  time	  limitation.	  In	  addition	  to	  fatigue	  testing,	  the	  use	  of	  different	  springs	  such	  as	  a	  

torsion	   spring	   that	   could	   be	   incorporated	   into	   the	   attachment	   of	   the	   flapper	   instead	   of	   an	   outside	  

mechanism	  should	  be	  experimented	  with.	  Although	  the	  current	  linear	  spring	  technically	  works	  to	  keep	  

the	  flapper	  closed	  and	  pull	  it	  back	  to	  the	  closed	  position	  once	  it	  is	  opened,	  the	  team	  is	  not	  convinced	  it	  is	  

the	  most	  efficient	  solution	  at	  this	  time.	  	  

Furthermore,	  a	  bumper	  is	  currently	  being	  used	  to	  soften	  the	  return	  of	  the	  flapper	  and	  prevent	   it	  from	  

having	   a	   hard	   impact	   against	   the	   vitro	   china.	   However,	   further	   investigation	   should	   be	   done	   to	  

determine	   if	   there	   is	  a	  method	   that	  will	  produce	   two	  motions	  of	   the	   flapper	  such	   that	   there	   is	  a	  high	  

resistance	  against	  the	  opening	  of	  the	  flapper	  until	  an	  angle	  of	  25	  degrees	  and	  then	  a	  low	  resistance	  after	  

25	   degrees,	   and	   the	   opposite	   effect	   upon	   closing.	   Having	   a	   mechanism	   that	   would	   work	   this	   way	  

throughout	  the	  motion	  of	  the	  flapper,	  instead	  of	  just	  stopping	  it	  at	  the	  end	  of	  the	  desired	  motion,	  would	  

allow	  for	  a	  smoother	  close	  of	  the	  flapper	  which	  in	  turn	  would	  reduce	  fatigue	  over	  time	  and	  prevent	  the	  

flapper	  from	  creating	  splashes	  upon	  its	  return.	  	  

Finally,	   the	   greatest	   challenge	   still	   pending	   for	   this	   project,	   is	   reducing	   the	   size	   of	   its	   components.	  

Originally	  the	  team	  desired	  to	  make	  this	  product	  applicable	  both	  for	  latrines	  and	  the	  average	  home,	  but	  

with	  the	  current	  design	  it	  is	  only	  suitable	  for	  latrines.	  The	  total	  height	  of	  the	  toilet	  with	  this	  design	  is	  472	  

mm	  while	  the	  toilet	  in	  the	  average	  home	  currently	  stands	  at	  a	  maximum	  of	  410	  mm;	  for	  a	  latrine	  part	  
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of	  the	  box	  can	  be	  placed	  underground	  but	  for	  the	  house	  it	  is	  not	  reasonable.	  Also	  the	  flapper	  currently	  

opens	  in	  the	  opposite	  direction	  from	  the	  way	  the	  current	  toilet	  pipes	  run	  into	  the	  sewage	  system,	  and	  

due	  to	  size	  limitations	  it	  is	  not	  possible	  to	  rotate	  it	  to	  the	  other	  side.	  	  

In	   conclusion,	   although	   the	  design	  of	   the	  new	   system	   successfully	  meets	   the	  objectives	   and	   is	   simple	  

enough	  to	  be	  industrialized	  the	  team	  recommends	  making	  the	  improvements	  mentioned	  above	  before	  

actually	  manufacturing	  this	  product.	  	  
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19  Appendix  
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19.2  Counterweight  Measurements  
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19.3  Flapper  Measurements  
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19.4  Final  Product  Measurements  
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19.5  Work  Breakdown  Structure  (WBS)  
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19.6  Gantt  Chart  
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19.20    PATENT  GTL-‐0000-‐17  GTL-‐0000-‐18  Hybrid  Toilet  System-‐  Microflush  pedestal  
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