
1	  
	  

	  
UNIVERSITY	  OF	  WISCONSIN	  –	  MADISON	  

DEPARTMENT	  OF	  BIOMEDICAL	  ENGINEERING	  
BME	  201	  –	  DESIGN	  

	  
	  
	  
	  
	  
	  
	  

Home	  Health	  
Device	  

	  

Mid-‐Semester	  Report	  
	  
	  
	  

Megan	  Jones	  –	  BSAC	  
Ashley	  Quinn	  –	  BWIG	  
Sara	  Schmitz	  –	  Leader	  

Omar	  Usmani	  –	  Communicator	  
	  
	  
	  

5/2/2011	  
	  

	  
	  
	  
	  



2	  
	  

Table	  of	  Contents	  
	  
	  
Abstract……………………………………………………………………………………………………………………………………….………….3	  
	  
Project	  Motivation…………………………………………………………………………………………………………………………………..3	  
	  
Project	  Requirements………………………………………………………………………………………………………………………………3	  
	  
Design	  Alternatives	  .………………………………………………………………………………………………………………………………..4	  
	  
Design	  Matrix	  .…………………………………………………………………………………………………………………………………………8	  
	  
Proposed	  Final	  Design	  …………………………………………………………………………………………………………………………..10	  
	  
Development	  and	  Testing	  …….……………………………………………………………………………………………………………….10	  
	  
Future	  Work	  ………………………………………………………………………………………………………………………………………….13	  
	  
References…………………………………………………………………………………………………………………………………………….14	  
	  
Appendix	  A	  –	  Product	  Design	  Specifications………………………………………………………………………………………….15	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



3	  
	  

	  
	  

Abstract	  
	  
	   Due	  to	  variable	  home	  environments	  in	  the	  home	  health	  industry,	  medical	  professionals	  
are	  often	  required	  to	  stand	  for	  the	  duration	  of	  their	  visit.	  	  The	  team	  objective	  is	  to	  design	  a	  
device	  which	  can	  be	  transported	  between	  homes,	  can	  store	  the	  equipment	  and	  supplies,	  and	  
serves	  as	  a	  seat.	  Thus	  far,	  the	  team	  has	  outlined	  design	  specifications,	  compiled	  three	  design	  
alternatives,	  used	  the	  design	  matrix	  to	  compare	  these	  designs,	  and	  have	  chosen	  a	  final	  design	  
to	  pursue.	  The	  final	  design	  includes	  a	  box	  with	  a	  drawer	  for	  storage	  and	  adjustable-‐height,	  fold-‐
out	  legs.	  For	  the	  remainder	  of	  the	  semester,	  the	  materials	  will	  be	  ordered,	  the	  device	  will	  be	  
constructed,	  and	  tests	  will	  be	  performed	  to	  ensure	  functionality.	  
	  
Project	  Motivation	  
	  
	   In	  the	  home	  health	  industry,	  medical	  professionals	  encounter	  a	  variety	  of	  different	  
home	  environments.	  Many	  times	  the	  homes	  have	  limited	  seating	  and	  workspace,	  requiring	  
them	  to	  stand	  for	  the	  duration	  of	  the	  visit	  while	  simultaneously	  juggling	  equipment	  and	  
supplies.	  Some	  procedures	  performed,	  such	  as	  wound	  care,	  require	  them	  to	  bend	  over	  and	  
squat	  for	  long	  periods	  of	  time.	  This	  adds	  difficulty	  to	  the	  procedures	  and	  is	  uncomfortable	  
throughout	  the	  day.	  Therefore,	  the	  project’s	  purpose	  is	  to	  design	  a	  device	  that	  can	  be	  
transported	  between	  homes,	  can	  store	  the	  equipment	  and	  supplies,	  and	  also	  serves	  as	  a	  seat.	   	  

Currently,	  the	  team’s	  client	  carries	  her	  supplies	  in	  a	  backpack-‐sized	  canvas	  bag.	  This	  is	  
the	  only	  available	  device	  on	  the	  market	  for	  home	  health	  equipment	  storage	  and	  transportation.	  	  
Medicare	  regulations	  require	  the	  bag	  and	  its	  contents	  to	  be	  kept	  sanitary	  between	  visits	  [1].	  
Some	  of	  these	  regulations	  include:	  keeping	  the	  bag	  off	  the	  floor,	  sanitizing	  one’s	  hands	  before	  
touching	  anything	  inside,	  and	  cleaning	  the	  bag	  regularly.	  At	  times	  the	  patients’	  homes	  do	  not	  
have	  sufficient	  surfaces	  for	  keeping	  the	  bag	  off	  the	  ground.	  To	  provide	  a	  surface	  to	  set	  the	  bag	  
or	  storage	  off	  of	  the	  ground	  is	  another	  objective	  for	  this	  project.	  
	  
Project	  Requirements	  
	  
	   The	  requirements	  for	  this	  project	  specify	  that	  the	  device	  must	  be	  lightweight	  so	  it	  can	  
be	  transported	  easily	  between	  homes.	  In	  the	  team’s	  Project	  Design	  Specifications,	  see	  Appendix	  
A,	  lightweight	  was	  defined	  as	  20	  pounds	  if	  wheels	  are	  not	  included,	  and	  under	  30	  pounds	  if	  they	  
are	  included.	  Also,	  the	  approximate	  dimensions	  for	  the	  device	  should	  be	  18	  x	  18	  x	  16	  inches,	  
which	  was	  estimated	  based	  off	  of	  the	  size	  of	  the	  client’s	  current	  bag.	  Due	  to	  Medicare	  
regulations	  the	  device	  must	  be	  easy	  to	  sanitize;	  therefore,	  materials	  that	  absorb	  liquids	  easily	  
cannot	  be	  used,	  such	  as	  cotton	  or	  wood.	  A	  seat	  should	  also	  be	  included	  to	  make	  procedures	  
easier	  to	  perform	  and	  to	  relieve	  the	  stress	  of	  standing	  for	  the	  whole	  workday.	  A	  handle	  should	  
also	  be	  included	  to	  facilitate	  transportation.	  For	  the	  patient’s	  safety,	  materials	  that	  are	  
commonly	  allergenic,	  such	  as	  latex,	  cannot	  be	  used.	  	  Lastly,	  the	  client	  would	  like	  to	  keep	  the	  
budget	  around	  $100.	  
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Design	  Alternatives	  
	  
Design	  1:	  Lawn	  Chair	  
	   	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  	  (a)	   	   	   	   	  	  	  (b)	   	   	   	   	   	  	  	  	  	  	  (c)	  
	  

Figure	  1:	  (a)	  transportation	  view,	  (b)	  sitting	  view,	  and	  (c)	  standing	  view	  
	  
	   This	  device	  would	  be	  similar	  to	  a	  typical	  lawn	  chair	  with	  some	  key	  modifications.	  	  The	  first	  of	  
these	  modifications	  would	  be	  the	  addition	  of	  a	  net	  underneath	  the	  seat.	  	  The	  net	  would	  be	  attached	  at	  
the	  four	  intersection	  points	  of	  the	  eight	  crossed	  bars	  of	  the	  base.	  	  While	  the	  nurse	  is	  sitting	  down	  and	  
tending	  to	  their	  patient,	  they	  could	  store	  the	  bag	  beneath	  them	  in	  this	  net	  so	  their	  equipment	  would	  be	  
close	  but	  not	  touching	  the	  ground.	  	  Two	  pockets	  that	  hang	  off	  the	  sides	  of	  the	  seat	  would	  also	  be	  added	  
to	  the	  chair.	  	  This	  would	  be	  a	  place	  to	  set	  the	  most	  frequently	  used	  equipment	  during	  patient	  care	  and	  
would	  minimize	  the	  need	  for	  the	  nurse	  to	  reach	  for	  the	  bag	  underneath	  them.	  	  It	  is	  important	  to	  note	  
that	  these	  pockets	  would	  not	  hold	  equipment	  during	  transport,	  but	  simply	  hold	  equipment	  that	  has	  
been	  removed	  from	  the	  equipment	  bag	  and	  will	  be	  used	  often	  throughout	  the	  visit.	  	  The	  last	  two	  
modifications	  to	  the	  chair	  would	  be	  the	  addition	  of	  two	  extensible	  poles	  and	  the	  ability	  to	  detach	  the	  
two	  lower	  corners	  of	  the	  back	  rest.	  	  The	  extensible	  poles	  would	  have	  two	  heights	  and	  would	  pin-‐lock	  at	  
each.	  	  The	  lower	  height	  would	  be	  even	  with	  the	  seat	  height	  and	  would	  be	  attached	  to	  the	  front	  corners	  
of	  the	  seat.	  	  The	  second	  height	  would	  be	  even	  with	  the	  two	  stationary	  backrest	  poles.	  	  At	  this	  height,	  the	  
two	  lower	  corners	  of	  the	  backrest	  would	  be	  detached	  and	  reattached	  to	  the	  extensible	  poles,	  as	  shown	  
in	  the	  standing	  stage	  of	  Figure	  1(a).	  	  This	  new	  third	  tier	  of	  the	  chair	  would	  serve	  as	  a	  place	  for	  the	  nurse	  
to	  set	  the	  equipment	  bag	  when	  it	  is	  easier	  to	  stand	  and	  tend	  to	  the	  patient.	  	  At	  this	  height,	  the	  bag	  is	  off	  
of	  the	  ground	  and	  at	  a	  more	  comfortable	  level	  so	  the	  nurse	  does	  not	  need	  to	  bend	  over	  to	  access	  the	  
equipment.	  	  Straps	  would	  also	  be	  added	  to	  secure	  the	  bag	  at	  this	  height	  and	  hopefully	  prevent	  tipping	  
due	  to	  unbalanced	  weight	  distribution;	  however	  this	  is	  still	  a	  potential	  risk	  of	  this	  design.	  	  
	   For	  transport	  of	  the	  device,	  the	  bag	  and	  all	  equipment	  would	  first	  be	  removed	  and	  the	  
extensible	  poles	  should	  be	  in	  their	  lower	  position.	  	  The	  chair	  could	  then	  fold	  up	  like	  a	  regular	  lawn	  chair	  
and	  be	  placed	  in	  the	  typical	  long,	  thin	  bag	  with	  carrying	  strap.	  	  The	  obvious	  disadvantage	  of	  this	  means	  
of	  transportation	  is	  that	  since	  the	  device	  does	  not	  feature	  permanent	  storage,	  the	  nurse	  would	  need	  to	  
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Figure	  3:	  Example	  of	  a	  stadium	  
seat	  that	  can	  be	  used	  as	  a	  cover	  

for	  the	  device	  [2]	  

carry	  both	  the	  chair	  as	  well	  as	  their	  equipment	  bag	  into	  and	  out	  of	  a	  patient’s	  home.	  	  This	  would	  be	  
bulky	  and	  could	  be	  deemed	  undesirable	  by	  the	  user.	  	  The	  advantages	  of	  this	  device	  are	  that	  it	  would	  be	  
easy	  and	  relatively	  cheap	  to	  construct	  since	  majority	  of	  the	  components	  are	  prefabricated.	  	  	  
	  
Design	  2:	  Box	  with	  Drawer	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  	  	  	  	  	  (a)	   	   	   	   	   	   	   	   	  (b)	  
	  
Figure	  2:	  	  (a)	  Front	  view	  of	  design	  with	  drawer	  slightly	  opened.	  	  (b)	  	  Back	  view	  of	  design	  showing	  wheels	  

and	  handle.	  
	  
	   This	  design	  features	  a	  seat	  and	  storage	  box	  that	  would	  be	  combined	  with	  one	  of	  two	  leg	  
possibilities	  which	  will	  be	  described	  later.	  	  Either	  of	  these	  legs	  would	  attach	  to	  a	  swivel	  mechanism	  
which	  would	  then	  be	  attached	  to	  the	  base	  of	  the	  box	  at	  the	  oval	  shown	  in	  Figure	  2	  (a).	  	  The	  device	  would	  
also	  feature	  wheels	  and	  an	  extensible	  handle	  similar	  to	  that	  of	  a	  rolling	  suitcase.	  	  These	  components	  
would	  be	  attached	  at	  the	  back	  of	  the	  box	  as	  shown	  in	  Figure	  2	  (b).	  	  This	  would	  allow	  for	  easy	  transport	  
across	  smooth	  surfaces.	  	  For	  transportation	  where	  wheels	  cannot	  be	  used,	  such	  as	  up	  or	  down	  stairs,	  
the	  device	  would	  feature	  a	  handle	  on	  the	  top	  surface	  so	  the	  
device	  can	  be	  easily	  lifted.	  	  This	  handle	  would	  rest	  in	  an	  indented	  
portion	  on	  the	  top	  since	  the	  top	  will	  also	  be	  used	  as	  the	  seat.	  	  
For	  comfort	  of	  the	  user,	  a	  stadium	  seat	  of	  canvas	  or	  nylon,	  an	  
example	  shown	  in	  Figure	  3,	  would	  be	  set	  on	  the	  top	  and	  secured	  
to	  the	  box	  with	  straps.	  	  This	  will	  remain	  on	  the	  top	  of	  the	  box	  
during	  transportation	  but	  can	  be	  removed	  if	  desired.	  	  There	  
would	  also	  be	  a	  large	  drawer	  underneath	  the	  seating	  area.	  	  The	  
drawer	  would	  either	  be	  large	  enough	  to	  hold	  the	  entire	  
equipment	  bag	  or	  would	  include	  dividers	  to	  organize	  and	  secure	  
the	  equipment	  during	  transportation.	  	  Side	  surfaces	  could	  be	  
attached	  by	  hinges	  or	  slide	  out	  from	  sides	  to	  provide	  more	  
working	  surfaces	  for	  the	  nurse	  and	  to	  set	  equipment.	  	  These	  
surfaces	  would	  be	  added	  based	  on	  the	  client’s	  preference.	  	  
During	  transport,	  the	  drawer	  and	  possible	  side	  surfaces	  would	  
be	  secure	  by	  straps	  or	  clips	  to	  prevent	  from	  opening.	  	  The	  device	  
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Figure	  4:	  Box	  with	  flip-‐top	  seat design 

will	  be	  constructed	  largely	  of	  plastic	  and	  metal.	  	  The	  advantage	  of	  this	  device	  is	  that	  it	  is	  easy	  to	  
transport	  since	  it	  feature	  permanent	  storage	  and	  the	  nurse	  would	  only	  have	  this	  one	  device	  to	  carry	  
instead	  of	  two.	  	  One	  disadvantage	  is	  that	  the	  exact	  design	  will	  vary	  depending	  on	  what	  pre-‐existing	  
components	  can	  be	  utilized	  in	  this	  design.	  
	  
Design	  3:	  Box	  with	  Flip	  Top	  
	  
	   The	  third	  seat	  design,	  the	  box	  with	  the	  flip-‐top,	  has	  similar	  characteristics	  to	  that	  of	  the	  box	  with	  
the	  drawer.	  	  Figure	  4	  is	  the	  drawing	  for	  the	  flip-‐top	  seat	  design.	  	  A	  storage	  area	  will	  be	  included	  in	  this	  
design	  providing	  extra	  storage	  space	  for	  the	  team’s	  client	  where	  she	  may	  place	  the	  bag	  during	  
transportation	  as	  well	  as	  store	  supplies	  if	  she	  so	  desires.	  	  A	  turning	  component	  is	  connected	  to	  the	  
bottom	  of	  the	  seat	  to	  allow	  the	  chair	  to	  swivel	  in	  different	  directions	  during	  use.	  	  Located	  on	  the	  
bottom,	  backside	  of	  the	  seat	  is	  a	  pair	  of	  wheels	  similar	  to	  that	  seen	  on	  a	  suitcase	  and	  at	  the	  top,	  
backside	  of	  the	  seat	  is	  an	  extendible	  handle;	  these	  components	  will	  be	  used	  simultaneously	  for	  ease	  of	  
transportation	  from	  one	  place	  to	  another.	  	  Looking	  at	  the	  right	  and	  left	  sides	  of	  the	  seat	  are	  two	  
platforms	  which	  will	  be	  attached	  to	  the	  side	  when	  not	  in	  use	  by	  either	  Velcro	  or	  a	  snap.	  	  These	  two	  
platforms	  will	  have	  a	  hinge	  mechanism	  where	  they	  may	  be	  disconnected	  and	  pulled	  down	  to	  provide	  
extra	  surface	  area	  for	  the	  client	  to	  set	  her	  equipment	  on.	  	  	  
	   The	  features	  which	  set	  the	  box	  with	  the	  flip	  top	  
apart	  from	  the	  box	  with	  the	  drawer	  is	  that	  the	  
seat	  will	  include	  a	  flip	  top	  which	  can	  either	  
remain	  open	  or	  closed.	  	  In	  the	  closed	  position,	  
the	  client	  may	  sit	  or	  set	  anything	  on	  the	  seat.	  	  
When	  the	  flip	  top	  is	  opened,	  it	  will	  function	  as	  
a	  back	  rest	  and	  another	  surface	  will	  be	  
underneath	  for	  someone	  to	  sit	  on.	  	  This	  
underlying	  surface	  also	  serves	  as	  the	  opening	  
to	  the	  storage	  underneath.	  	  A	  small	  
semicircular	  opening	  will	  be	  found	  at	  one	  end	  
of	  the	  surface	  to	  allow	  easier	  lifting.	  	  	  
	   For	  the	  materials	  used	  for	  the	  seat,	  a	  
canvas	  or	  nylon	  material	  covering	  will	  be	  fitted	  
over	  the	  seat	  and	  will	  be	  easily	  cleaned	  and	  
sanitized.	  	  A	  slit	  will	  have	  to	  be	  made	  in	  the	  
cover	  in	  order	  for	  the	  flip	  top	  to	  open	  when	  
the	  cover	  is	  on.	  	  The	  infrastructure	  will	  be	  made	  of	  metal	  
and	  plastic.	  
	   Advantages	  to	  the	  flip	  top	  design	  are	  that	  it	  will	  
provide	  simple	  transportation	  of	  the	  device	  as	  well	  as	  provide	  a	  storage	  area	  to	  place	  the	  bag	  so	  that	  
everything	  may	  be	  transported	  as	  one	  object.	  	  In	  addition,	  its	  lightweight	  design	  will	  also	  provide	  easier	  
transport	  if	  the	  team’s	  client	  has	  to	  lift	  it	  off	  the	  ground	  for	  any	  reason.	  	  Finally,	  it	  will	  be	  cost	  efficient	  
due	  to	  the	  fact	  that	  there	  will	  be	  use	  of	  inexpensive	  material.	  	  Disadvantages	  for	  the	  flip	  top	  design	  are	  
that	  it	  would	  have	  less	  convenient	  access	  to	  the	  storage	  being	  that	  the	  team’s	  client	  would	  have	  to	  lift	  
up	  two	  different	  exterior	  surfaces.	  	  In	  addition,	  the	  surface	  below	  the	  flip	  top	  may	  not	  hold	  as	  much	  
weight	  depending	  on	  its	  design	  and	  construction.	  	  Careful	  consideration	  will	  have	  to	  be	  employed	  if	  
designing	  this	  seat	  so	  it	  could	  support	  the	  necessary	  load.	  	  	  
	  
	  

18	  in	  
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Figure	  5:	  Adjustable	  legs	  design:	  (a)	  bottom	  view,	  (b)	  side	  view	  

	  
	  
Leg	  Option	  1:	  Adjustable	  Legs	  
	  
	   Regarding	  the	  legs	  portion	  of	  the	  chair,	  the	  box	  seat	  with	  the	  drawer	  and	  the	  box	  seat	  with	  the	  
flip	  top	  have	  two	  leg	  options	  to	  support	  the	  box.	  	  First	  is	  the	  adjustable	  legs	  design.	  	  When	  not	  in	  use,	  
the	  legs	  will	  fold	  up	  over	  each	  other	  on	  the	  bottom	  side	  of	  the	  box,	  as	  shown	  in	  Figure	  5(a).	  	  To	  open,	  
the	  legs	  are	  pulled	  out	  until	  they	  reach	  the	  locking	  point	  in	  a	  standing	  position.	  	  In	  addition	  to	  this	  
standing	  position,	  the	  legs	  will	  have	  an	  adjusting	  mechanism	  much	  like	  that	  seen	  on	  crutches	  where	  they	  
will	  have	  the	  ability	  to	  extend	  and	  lock	  at	  a	  desired	  height.	  	  The	  material	  for	  these	  legs	  would	  be	  a	  
durable	  metal	  and	  feet	  made	  of	  rubber	  to	  prevent	  sliding	  on	  a	  surface.	  	  	  
	  

	  
	  
	  
	   	   	  	  	  	  	  	  	  	  (a)	   	   	   	   	   	   	   	   	   (b)	  
	  
	   	  
	  

Advantages	  for	  the	  adjustable	  legs	  design	  are	  that	  they	  would	  be	  sturdy	  which	  improves	  its	  
ability	  to	  support	  the	  weight	  of	  the	  seat	  and	  the	  person.	  	  Based	  on	  the	  distance	  between	  the	  legs	  and	  
the	  feet,	  the	  adjustable	  legs	  would	  provide	  optimal	  balance	  to	  the	  chair.	  	  Preexisting	  legs	  and	  material	  
would	  allow	  for	  easy	  fabrication	  of	  these	  legs	  and	  finally,	  the	  legs	  will	  have	  height	  adjustment;	  
depending	  if	  the	  chair	  is	  being	  used	  for	  sitting	  or	  for	  setting	  equipment	  on,	  different	  heights	  will	  improve	  
the	  convenience	  of	  the	  chair.	  	  These	  advantages	  come	  with	  a	  disadvantage.	  	  Since	  the	  legs	  are	  folded	  up	  
on	  the	  bottom	  side	  of	  the	  chair	  when	  not	  in	  use,	  this	  may	  cause	  inconvenience	  to	  open	  the	  legs.	  	  The	  
seat	  would	  have	  to	  be	  tipped	  to	  its	  side	  to	  pull	  the	  legs	  out.	  	  Overall,	  the	  advantages	  outweigh	  the	  
disadvantages	  making	  these	  legs	  a	  suitable	  support	  for	  the	  box.	  
	  
Leg	  Option	  2:	  Collapsible	  Legs	  
	  
	   The	  second	  legs	  design	  option	  is	  the	  collapsible	  legs.	  	  Like	  the	  adjustable	  legs,	  the	  collapsible	  
legs	  will	  also	  fold	  up	  on	  the	  bottom	  side	  of	  the	  box	  when	  not	  in	  use.	  	  With	  these	  legs	  though,	  a	  foot	  
pedal	  will	  be	  placed	  between	  two	  feet,	  as	  shown	  in	  Figure	  6,	  on	  one	  side.	  	  When	  one	  steps	  on	  this	  foot	  
pedal,	  two	  side	  handles	  located	  on	  the	  sides	  of	  the	  box	  will	  be	  grabbed.	  	  Using	  the	  side	  handles,	  one	  will	  
pull	  up	  on	  the	  box	  until	  the	  legs	  lock	  at	  one	  height	  in	  a	  standing	  position.	  	  A	  release	  lever	  will	  be	  used	  to	  

16	  in	  

18	  in	  
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Figure	  6:	  Collapsible	  legs	  design:	  (a)	  bottom	  view,	  (b)	  side	  view	  

unlock	  the	  legs	  in	  order	  to	  fold	  the	  legs	  back	  up	  after	  use.	  	  For	  a	  mental	  image	  of	  these	  legs,	  they	  will	  be	  
similar	  in	  design	  to	  that	  of	  ironing	  board	  legs.	  	  The	  material	  for	  these	  legs	  will	  be	  a	  metal	  like	  the	  
adjustable	  legs	  and	  will	  also	  have	  rubber	  feet	  to	  prevent	  sliding.	  	  	  
	  

	  
	  

	  
	  
	  
	  
	  
	  

	   	  
	  
	   	   (a)	   	   	   	   	   	   	   	   (b)	  
	  
	  
	   Advantages	  for	  these	  legs	  include	  good	  balance	  based	  on	  base	  bar	  area	  and	  weight	  distribution.	  	  
However,	  if	  the	  legs	  are	  connected	  closer	  together,	  the	  overall	  height	  of	  the	  chair	  will	  be	  higher,	  making	  
the	  chair	  more	  prone	  to	  tip	  over.	  	  Another	  advantage	  is	  the	  foot	  pedal	  and	  two	  side	  handles	  which	  will	  
allow	  someone	  to	  open	  the	  legs	  without	  tipping	  the	  box	  on	  its	  side.	  	  Once	  again	  there	  are	  disadvantages	  
to	  the	  collapsible	  legs.	  	  First	  these	  legs	  only	  allow	  the	  chair	  to	  be	  used	  at	  one	  height.	  	  The	  team	  has	  to	  be	  
careful	  in	  determining	  the	  height	  so	  that	  the	  chair	  can	  be	  comfortably	  sat	  on	  and	  in	  reachable	  access	  to	  
anything	  set	  down	  on	  the	  surface	  of	  the	  seat.	  	  These	  legs	  would	  serve	  as	  support	  for	  the	  chair,	  but	  they	  
may	  not	  be	  as	  secure	  as	  the	  adjustable	  legs.	  

	  
Design	  Matrix	  
	   	  
	   The	  three	  design	  possibilities	  were	  set	  up	  in	  a	  design	  matrix,	  and	  summarized	  in	  Figure	  7,	  so	  that	  
the	  efficiency	  of	  each	  design	  could	  be	  demonstrated	  according	  to	  certain	  criteria	  that	  were	  chosen	  to	  be	  
appropriate	  for	  the	  prototype.	  A	  total	  of	  eight	  categories	  were	  chosen	  and	  values	  were	  set	  for	  each	  
category	  based	  on	  importance;	  the	  total	  of	  all	  values	  was	  set	  to	  be	  100.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

18	  in	  

16	  in	  
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Figure	  7:	  	  Design	  matrix	  developed	  to	  assess	  the	  quality	  of	  the	  design	  alternatives.	  	  Leg	  1	  refers	  to	  the	  
adjustable	  legs	  and	  Leg	  2	  refers	  to	  the	  collapsible	  legs.	  

	  
	   The	  category	  that	  was	  chosen	  to	  be	  of	  the	  utmost	  importance	  was	  ‘Load	  (Support	  and	  
Distribution)’,	  which	  was	  decided	  to	  be	  out	  of	  20	  points.	  It	  was	  set	  to	  be	  this	  way	  because	  it	  was	  decided	  
that	  the	  design’s	  most	  important	  function	  was	  its	  ability	  to	  hold	  up	  a	  maximum	  amount	  of	  weight	  
without	  failure,	  along	  with	  the	  weight	  distribution.	  Out	  of	  all	  three	  designs,	  it	  is	  important	  to	  note	  that	  
the	  lawn	  chair	  design’s	  point	  total	  for	  that	  category	  was	  only	  a	  13/20,	  mainly	  because	  the	  attached	  lawn	  
chair	  already	  has	  established	  its	  ability	  to	  support	  an	  adult.	  
	   Another	  heavily	  weighted	  criterion	  was	  ‘Transportation	  Ease/	  Storage’,	  which	  was	  out	  of	  a	  point	  
total	  of	  fifteen.	  It	  is	  obvious	  that	  in	  order	  for	  this	  particular	  device	  to	  be	  as	  user	  friendly	  as	  possible,	  it	  
must	  be	  as	  portable	  as	  possible	  along	  with	  it	  being	  able	  to	  have	  all	  the	  proposed	  features.	  The	  drawer	  
and	  the	  flip	  top	  designs	  received	  high	  ratings	  in	  this	  category,	  but	  the	  lawn	  chair	  design	  only	  received	  
ten	  points.	  The	  reason	  for	  a	  lower	  point	  total	  is	  because	  the	  lawn	  chair	  does	  not	  feature	  transportable	  
storage;	  in	  addition,	  the	  amount	  of	  storage	  available	  would	  not	  necessarily	  be	  plentiful	  due	  to	  the	  
interference	  of	  the	  lawn	  chair.	  	  
	   Adjustability	  was	  also	  a	  heavily	  weighted	  criterion.	  All	  three	  designs	  received	  a	  fairly	  large	  
number	  of	  points,	  except	  for	  the	  collapsible	  legs	  for	  the	  drawer	  and	  flip	  top	  designs,	  which	  received	  

Box	  w/Drawer	  	   Box	  w/Flip	  Top	  	  Weight	  	   Categories	  	   Lawn	  Chair	  	  

Leg	  1	  	   Leg	  2	  	   Leg	  	  1	  	   Leg	  2	  	  

15	  	   1)	  Ease	  of	  production	  	   14	  	   10	  	   8	  	  

10	  	   2)	  Dimensions	  	   8	  	   10	  	   10	  	  

15	  	   3)	  Cost	  	   14	  	   10	  	   10	  	  

15	  	   4)	  Ease	  of	  transportation	  	   10	  	   14	  	   14	  	  

5	  	   5)	  Aesthetics	  	   4	  	   5	  	   5	  	  

5	  	   6)	  Client	  Preferences	  	   1	  	   5	  	   2	  	  

20	  	   7)	  Load	  	   13	  	   17	  	   13	  	   17	  	   13	  	  

15	  	   8)	  Adjustability	  	   12	  	   12	  	   7	  	   12	  	   7	  	  

100	  	   	   76	  	   83	  	   74	  	   78	  	   69	  	  
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Figure	  8:	  Completed	  box	  with	  side	  door.	  Final	  outer	  
dimensions	  are	  20’’x16’’x14.5’’	  

poor	  scores,	  obviously	  because	  of	  the	  complications	  that	  collapsible	  legs	  would	  bring	  when	  creating	  a	  
final	  product.	  Adjustability	  was	  considered	  to	  be	  important	  for	  the	  convenience	  for	  the	  nurse	  as	  
different	  heights	  are	  ideal	  for	  different	  procedures.	  	  
	   Finally,	  ‘Cost’	  was	  a	  heavily	  weighted	  category,	  which	  was	  also	  out	  of	  15	  points.	  For	  this	  project,	  
financial	  resources	  are	  not	  plentiful;	  as	  mentioned	  previously,	  the	  client	  is	  willing	  to	  contribute	  $100.	  To	  
meet	  this	  price	  limit,	  the	  team	  should	  utilize	  as	  many	  preexisting	  components	  as	  possible	  to	  save	  time	  
and	  money.	  The	  lawn	  chair	  design	  was	  rated	  the	  highest,	  and	  both	  the	  drawer	  and	  flip	  top	  designs	  were	  
rated	  lower,	  mainly	  because	  of	  the	  extra	  supplies	  and	  resources	  needed	  to	  be	  bought	  in	  order	  to	  
construct	  a	  final	  product.	  
	  

Proposed	  Final	  Design	  
	  
	   Based	  on	  the	  design	  matrix,	  the	  final	  design	  is	  composed	  of	  the	  box	  with	  drawer	  and	  the	  
adjustable	  legs.	  	  This	  combination	  will	  most	  successfully	  meet	  the	  client’s	  requirements	  and	  will	  be	  
relatively	  easy	  to	  produce.	  	  Of	  all	  possible	  designs,	  the	  drawer	  is	  the	  more	  preferred	  storage	  
compartment	  due	  to	  ease	  of	  access	  to	  supplies.	  	  The	  adjustable	  legs	  will	  be	  easiest	  to	  attach	  to	  the	  box	  
without	  compromising	  stability.	  	  Many	  components	  of	  this	  design	  already	  exist,	  such	  as	  the	  cover,	  
wheels,	  and	  handles.	  	  The	  team	  would	  like	  to	  find	  a	  suitable	  box	  close	  to	  the	  dimensions	  provided	  by	  the	  
client.	  
	   	  

Development	  and	  Testing	  
	  
Box	  
	  
	   The	  team	  was	  unable	  to	  find	  a	  currently	  
manufactured	  box	  of	  ideal	  dimensions	  and	  
therefore	  decided	  to	  build	  a	  box	  with	  customized	  
dimensions,	  specifically	  storage	  area.	  	  In	  order	  to	  
accomplish	  this,	  the	  box	  was	  constructed	  out	  of	  
wood	  due	  to	  its	  availability.	  	  Since	  wood	  is	  not	  a	  
water	  resistant	  material,	  the	  box	  was	  coated	  
with	  high	  gloss	  water-‐resistant,	  abrasive-‐
resistant	  paint.	  	  	  In	  addition,	  none	  of	  the	  
equipment	  should	  ever	  come	  into	  direct	  contact	  
with	  the	  wood	  which	  will	  be	  discussed	  further	  in	  
the	  storage	  section.	  	  Instead	  of	  having	  an	  
external	  drawer,	  a	  side	  hinged	  door	  enclosed	  the	  
storage	  area.	  	  A	  handle	  on	  the	  outside	  added	  
convenience	  when	  opening	  the	  door.	  	  The	  door	  
was	  secured	  in	  a	  closed	  position	  with	  a	  metal	  
door	  clasp.	  	  To	  further	  increase	  the	  integrity	  of	  
the	  device,	  ten	  metal	  L-‐shaped	  brackets	  were	  
attached	  inside	  at	  both	  top	  and	  bottom.	  	  Figure	  8	  
shows	  the	  completed	  box.	  
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Figure	  9:	  Method	  of	  securing	  drawer	  
sides	  to	  drawer	  runners	  

Figure	  10:	  Drawer	  with	  milk	  carton	  to	  
demonstrate	  storage	  size.	  Actual	  storage	  

dimensions:	  14’’x18’’x12’’	  

	  
Storage	  
	  
	   Being	  that	  the	  box	  was	  constructed	  with	  customized	  dimensions,	  the	  internal	  drawer	  was	  
designed	  similarly.	  	  The	  sides	  of	  the	  drawer	  were	  constructed	  from	  metal	  linen	  shelving	  which	  was	  cut	  to	  
the	  desired	  size.	  	  The	  base	  of	  the	  drawer	  was	  made	  out	  of	  a	  polyethylene	  cutting	  board	  and	  was	  also	  
trimmed	  down	  to	  the	  necessary	  size.	  	  These	  materials	  were	  chosen	  because	  they	  are	  lightweight	  and	  
this	  was	  the	  easiest	  area	  to	  reduce	  overall	  weight	  of	  the	  device.	  	  The	  sides	  and	  base	  were	  assembled	  for	  
sufficient	  stability	  to	  ensure	  that	  the	  drawer	  would	  stay	  in	  line	  with	  the	  drawer	  runners.	  	  The	  drawer	  
runners	  were	  attached	  to	  the	  metal	  sides	  by	  using	  the	  extra	  pieces	  from	  the	  cutting	  board	  as	  a	  solid	  
surface	  to	  attach	  to,	  shown	  in	  Figure	  9.	  	  A	  canvas	  lining	  was	  sewn	  to	  help	  contain	  the	  equipment	  within	  
the	  drawer.	  	  The	  lining	  is	  easily	  removable	  to	  help	  facilitate	  cleaning.	  	  The	  canvas	  lining	  along	  with	  the	  
drawer	  materials	  separates	  the	  equipment	  from	  the	  wooden	  frame.	  	  The	  drawer	  allows	  for	  the	  
possibility	  of	  placing	  the	  current	  bag	  directly	  in	  the	  drawer	  or	  storing	  equipment	  separately.	  	  Figure	  10	  
shows	  the	  drawer	  with	  a	  reference	  object	  to	  demonstrate	  storage	  size.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  

Legs	  
	  
	   In	  the	  proposed	  design,	  the	  team	  had	  planned	  on	  using	  legs	  with	  adjustable	  height.	  	  
Complications	  arose	  with	  adapting	  pre-‐manufactured	  legs	  to	  the	  desired	  height.	  	  Due	  to	  the	  height	  of	  
the	  box,	  the	  legs	  were	  designed	  to	  be	  six	  to	  seven	  inches	  tall	  for	  a	  comfortable	  sitting	  height.	  	  Although	  
possible	  adjustable	  legs	  were	  found,	  they	  could	  not	  be	  shortened	  to	  this	  range	  while	  still	  providing	  a	  
sufficient	  height	  range	  for	  the	  cost.	  	  For	  this	  reason	  the	  team	  chose	  to	  use	  6.5	  inch	  tall	  wooden	  legs.	  	  
These	  legs	  are	  attached	  to	  the	  bottom	  of	  the	  box	  with	  folding	  metal	  brackets	  that	  lock	  in	  both	  positions,	  
demonstrated	  in	  Figure	  11.	  	  This	  figure	  also	  depicts	  the	  placement	  of	  the	  legs,	  with	  two	  being	  placed	  
slightly	  inside	  of	  the	  other	  two.	  	  This	  was	  done	  to	  avoid	  overlap	  of	  the	  legs	  and	  to	  prevent	  the	  legs	  from	  

Extra	  cutting	  
board	  pieces	  

Screws	  secure	  to	  
drawer	  slider	  

Drawer	  slider	  
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(a)                                                                         (b) 
Figure	  11:	  Bottom	  of	  box	  with	  legs	  (a)	  folded	  in	  and	  (b)	  folded	  out.	  	  The	  plastic	  leg	  protectors	  are	  the	  

dark	  squares	  on	  each	  leg	  in	  (b).	  	  The	  metal	  plate	  is	  for	  added	  protection	  during	  transportation.	  

Figure	  12:	  The	  device	  during	  
transportation.	  

interfering	  with	  the	  transportation	  cart.	  	  Plastic	  leg	  protectors	  were	  added	  to	  the	  bottom	  of	  each	  leg	  to	  
reduce	  leg	  wear	  over	  time.	  	  
	  

	   	  

	  
	  
Transportation	  
	  
	   A	  pre-‐manufactured	  luggage	  cart	  was	  chosen	  to	  
facilitate	  easy	  transportation.	  	  The	  device	  is	  set	  on	  the	  
luggage	  cart	  with	  the	  legs	  folded	  up.	  	  The	  metal	  plate	  
shown	  in	  Figure	  11	  protects	  the	  portion	  of	  the	  box	  in	  
contact	  with	  the	  luggage	  cart	  from	  possible	  damages	  
caused	  by	  the	  cart.	  	  While	  in	  transportation	  the	  box	  is	  
strapped	  to	  the	  cart;	  another	  strap	  also	  encloses	  the	  
box	  to	  ensure	  the	  door	  remains	  closed.	  	  Figure	  12	  
illustrates	  the	  transportation	  cart	  in	  use.	  	  Attachment	  to	  
the	  luggage	  cart	  is	  not	  permanent	  because	  the	  client	  
preferred	  the	  option	  of	  having	  the	  drawer	  on	  either	  the	  
right	  or	  left	  hand	  side	  of	  the	  user.	  
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Figure	  13:	  Canvas	  side	  pocket	  for	  
temporary	  storage	  

Extras	  
	  
	   The	  three	  main	  extras	  included	  in	  the	  device	  
are:	  a	  side	  pocket,	  two	  lifting	  handles,	  and	  a	  cushion.	  	  
The	  side	  pocket	  was	  sewn	  out	  of	  canvas	  and	  is	  screwed	  
into	  the	  outside	  opposite	  of	  the	  door,	  demonstrated	  in	  
Figure	  13.	  	  The	  purpose	  of	  this	  pocket	  is	  for	  temporary	  
storage	  during	  a	  home	  health	  visit	  and	  can	  be	  detached	  
for	  cleaning.	  	  Two	  lifting	  handles	  are	  located	  on	  the	  
lower	  front	  and	  back	  of	  the	  box	  to	  be	  used	  for	  lifting	  to	  
aid	  the	  user	  in	  moving	  the	  box.	  	  Finally,	  an	  optional	  
cushion	  was	  included	  for	  comfort	  of	  the	  user.	  	  It	  is	  
secured	  with	  Velcro	  and	  can	  be	  easily	  removed	  if	  
desired.	  
	  
	  

Testing	  
	  
	   The	  final	  device	  was	  weighed	  and	  found	  to	  be	  30lbs	  without	  any	  equipment	  inside.	  	  While	  this	  is	  
heavier	  than	  anticipated,	  the	  device	  will	  most	  often	  be	  transported	  by	  the	  cart	  which	  will	  reduce	  
problems	  associated	  with	  the	  excess	  weight.	  	  People	  of	  varying	  sizes	  up	  to	  250lbs	  sat	  on	  the	  device	  
ensuring	  that	  stability	  was	  maintained.	  	  Additionally,	  reference	  objects	  were	  placed	  in	  the	  drawer	  to	  test	  
transportation	  issues	  to	  guarantee	  that	  the	  contents	  remained	  in	  the	  drawer.	  

	  
Future	  Work	  	  
    
 In	  the	  future	  the	  device	  can	  be	  improved	  upon	  in	  a	  few	  areas.	  	  First,	  adjustable	  legs	  with	  
sufficient	  range	  would	  be	  added.	  	  This	  would	  allow	  for	  the	  storage	  area	  of	  the	  device	  to	  be	  more	  
accessible	  at	  standing	  height.	  	  Also,	  a	  lighter	  and	  water-‐resistant	  material	  would	  be	  used	  in	  place	  of	  
wood	  as	  the	  main	  frame	  material.	  	  While	  permanent	  attachment	  to	  a	  transportation	  cart	  is	  not	  desired,	  
a	  more	  time	  efficient	  and	  user	  friendly	  transportation	  mechanism	  would	  be	  approached.	  	  This	  would	  
avoid	  the	  device	  needing	  to	  be	  disconnected	  from	  the	  cart	  for	  use	  but	  still	  having	  the	  option	  of	  removal.	  	  
Another	  area	  of	  improvement	  is	  to	  increase	  drawer	  stability;	  the	  corners	  would	  be	  further	  reinforced,	  
possibly	  with	  L-‐shaped	  brackets.	  	  This	  would	  also	  ensure	  that	  the	  drawer	  would	  not	  run	  the	  slider	  tracks.	  	  
Lastly,	  pockets,	  dividers,	  and	  top	  flap	  could	  be	  added	  to	  the	  canvas	  drawer	  lining	  based	  on	  user	  
preference.	  	  This	  was	  not	  done	  because	  the	  client	  did	  not	  specify	  how	  equipment	  storage	  would	  be	  
implemented.	  	  
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Appendix	  A:	  PDS	  
	  

Product	  Design	  Specifications	  –	  January	  30,	  2011	  
Project	  #32:	  Home	  Health	  Device	  

Team	  Members	  	  
Sara	  Schmitz	  –	  Team	  Leader	  	  
Omar	  Usmani	  –	  Communicator	  	  
Ashley	  Quinn	  –	  BWIG	  	  
Megan	  Jones	  –	  BSAC	  	  
	  
Problem	  Statement	  	  

Home	  health	  visits	  can	  be	  challenging	  for	  a	  variety	  of	  reasons	  including	  the	  amount	  of	  supplies	  
needed	  to	  be	  carried	  along	  as	  well	  as	  where	  to	  place	  and	  how	  to	  handle	  the	  equipment.	  Additionally,	  
many	  homes	  do	  not	  have	  sufficient	  seating	  or	  surfaces	  necessary	  for	  the	  care	  giver	  to	  work	  properly.	  A	  
portable	  seat	  and	  storage	  device	  would	  help	  minimize	  these	  problems	  and	  lead	  to	  an	  overall	  
improvement	  of	  the	  quality	  of	  the	  home	  health	  visit.	  	  

	  
Client	  Requirements	  	  

• Portable;	  lightweight	  	  
• Approximate	  Dimensions:	  18in	  x	  18in	  x	  16in	  	  
• Easily	  Cleaned	  	  
• Handle	  and	  Seat	  	  

	  
Design	  Requirements	  	  
	  
1.	  Physical	  and	  Operational	  Characteristics	  	  

a.	  Performance	  Requirements:	  The	  device	  should	  be	  able	  to	  withstand	  an	  average	  person	  sitting	  
and	  moving	  the	  device	  for	  a	  twelve	  to	  fourteen	  hour	  day	  for	  approximately	  one	  weekend	  per	  
month.	  	  
	  
b.	  Safety:	  For	  safety	  of	  the	  user,	  the	  device	  must	  comply	  with	  OSHA	  regulations.	  For	  sharps	  and	  
biohazard	  equipment,	  there	  should	  be	  separate	  compartments	  with	  proper	  identification	  for	  
each.	  The	  device	  should	  be	  sufficiently	  stable	  and	  stationary	  for	  the	  weight	  of	  an	  average	  person	  
plus	  the	  weight	  of	  the	  equipment.	  	  
	  
c.	  Life	  in	  Service:	  The	  overall	  device	  should	  last	  many	  years	  with	  minimal	  part	  replacement.	  	  
	  
d.	  Operating	  Environment:	  The	  completed	  device	  will	  be	  used	  and	  stored	  at	  room	  temperature	  
in	  a	  home	  setting.	  The	  base	  of	  the	  device	  should	  have	  minimal	  contact	  with	  the	  ground	  without	  
jeopardizing	  its	  integrity.	  	  
	  
e.	  Ergonomics:	  The	  device	  should	  be	  lightweight	  and	  easily	  moved	  through	  any	  home	  
environment.	  It	  should	  be	  at	  an	  accessible	  level	  while	  the	  user	  is	  sitting	  on	  or	  standing	  near	  it.	  	  
	  
f.	  Size:	  The	  device	  should	  be	  approximately	  18in	  x	  18in	  x	  16in.	  
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	  g.	  Weight:	  The	  device	  and	  its	  contents	  should	  not	  exceed	  20lbs.	  If	  wheels	  are	  included	  in	  the	  
design,	  the	  maximum	  weight	  could	  increase	  to	  30lbs.	  	  
	  
h.	  Materials:	  The	  material	  for	  the	  device	  should	  be	  easily	  sanitized,	  non-‐absorbent,	  and	  comply	  
with	  Medicare	  bag	  regulations.	  No	  parts	  can	  include	  latex,	  cotton	  or	  wool.	  	  
	  
i.	  Aesthetics:	  The	  color	  of	  the	  device	  should	  be	  white	  or	  red.	  Sharp	  corners	  are	  not	  allowed.	  	  
	  

2.	  Production	  Characteristics	  	  
a.	  Quantity:	  One	  prototype	  is	  required	  at	  this	  time.	  	  
	  
b.	  Target	  Product	  Cost:	  Approximately	  $100.00,	  but	  is	  negotiable.	  	  
	  

3.	  Miscellaneous	  	  
a.	  Standards	  and	  Specifications:	  OSHA	  approval	  and	  Medicare	  bag	  regulations	  	  
	  
b.	  Customer:	  The	  client	  would	  like	  to	  include	  as	  many	  of	  the	  following	  features	  as	  possible:	  back	  
support,	  cushion	  seat,	  adjustable	  height,	  wheels	  for	  transportation,	  and	  swivel	  ability.	  	  
	  
c.	  Patient	  Related	  Concerns:	  Medicare	  requires	  that	  all	  equipment	  must	  be	  sterilized	  between	  
uses.	  	  
	  
d.	  Competition:	  Some	  components	  may	  reflect	  current	  products,	  however	  none	  of	  these	  are	  
related	  to	  home	  health	  visits.	  


