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The PUMP system is the result of a 3 year long working 

activity which involved e�orts on research, analysis, 

development and has recently entered the final 

enegineering and product grounding phase.

The project takes root back to 2019 where it was initially 

formulated during a 3day workshop in collaboration with 

PoliMi and the company BLS. On the occasion a very first 

definition of the concept was given and the base was 

setted for further product development.

Since the beginning of this journey i believed in the 

strength of the concept and worked hard to bring the 

innovation alive, in an individual manner initially and now 

with the support of BLS. After 3 years of iterations and 

verifications i’m today really proud to present to the world 

the concept of the Adaptive Fit, introduced by the PUMP 

System invention.

the PUMP project
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03.1 In t ro0.0

introduction to the project
0.0  Abstract 
 

Respiratory protective face-masks are widely employed in 

industrial fields to protect worker during working activity.

The face-piece provides protection against repeated 

exposure to contaminants by sealing respiratory tracts from 

surrounding working enviroment and filtering the air by 

forcing it through filter units; the mask is usally worn for 

hours during the course of the activity.  To meet the demand 

of di�erent size-shaders, mask manufacturer are providing 

di�erent size ranges to cover user requests.

Face traits and facial characterization can be a�ected by 

many aspects such as ethnicity, gender, age and di�erent 

physiognomies, thus a�ecting negatively the selection of a 

mask and the search of  a “custom fit” by the users.

Under this circumstances, critical aspects related to mask 

use and practices emerged during in-field research: first of 

all the inability of the system to adapt to severe facial 

di�erences and the discomfort caused by wearing the mask 

for multiple hours during working activitIes.

The project aims to equip current face-masks design with an 

adaptive fit: the concept consists in an inflatable harness 

element capable of compensating facial di�erencies 

between users by providing a custom, comfortable and safe 

seal every time of use. 

What is the purpose of the negative pressure seal check?

“The Negat ive Pressure Test  (or  F i t  Check)  
checks the presence and funct ioning of  the 
respi rator  exhalat ion valve as wel l  as potent ia l  
leakage due to improper car t r idge seal  or  
respi rator / face fit .  This  test  is  per formed to 
help the wearer  assess respi rator  funct ion and 
to find gross leaks between the face and the 
face piece”

Intro

picture showing myself, during some prototyping activities

[A]
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The concept has been developed, tested and evaluated 

according to project key-drivers and resulted in an 

improved user-experience. The PUMP system provides an 

unique solution among multiple (and di�erent) users, thus 

by improving workers safety and comfort during activity.

During the course of study in Design and my personal 

activities i often had the chance to use and interact with PPE 

(or DPI), putting myself in the user perspective.

Protective face-pieces (especially negative pressure 

half-face masks) are often very intricate and painful to be 

worn, a�ecting negatively the activity performed by the 

user; also regulation on visage results cumbersome when 

operating with this garment, and a safe and tight-seal is 

often not guaranteed, exposing the worker to harm and 

danger. I always found these elements very frustrating and 

limiting the use of respiratory protective equipment, 

representing real annoyances, in some cases 

If the PPE is not worn correctly it can really represent an 

hazard and expose to harmful contaminants, often without 

any real awarness or perception by the user. 

For these, and for many other reasons i wanted to design 

and improve the concept of face-mask: i really feel that 

design and engineering applied to this product category 

can improve several functional aspects and directly impact 

final user behaviour by o�ering many benefits and, most of 

all, a safer working experience.

These were the grounding motivations that started my 

research and guided me into the conceptualization and 

development of the Adaptive Fit concept (PUMP system).

personal motivations

picture showing prototypes developed for testing

[B]
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d i sposab le  mask  v i sua l i za t ion

d isposab le  mask  mode ls

born, growth and evolution of the concept of “health mask”
0.1  Health mask invention
 

wi th  the  te rm hea l th  mask  we re fe r  to :

p ro tec t ing  peop le ,  sav ing  l i ves  and  s lowing  the  
spread  had  a lways  beeen core  func t ions  o f  the  
hea l th  mask .
In  th i s  chapter  i ’m  go ing  to  t race  the  h i s to ry  and  
or ig in  o f  th i s  te rm,  focus ing  on  e�ect i ve  exam-
p les  and  case  s tud ies  tha t  se t ted  the  way  to  our  
modern  concept  o f  “ face  mask”  .

core  func t ion  o f  the  face  mask  has  a lways  been  
to  p ro tec t  the  owner  f rom some k ind  o f  r i sk ,  
regard less  o f  the  na ture  or  en t i t y  o f  the  hazard .
There fore  in  th i s  chapter  i ’m  go ing  to  t race  
back  the  h i s to ry  and  or ig in  o f  th i s  te rm;  th i s  
leads  us  to  the  concept  o f  “mask”  we have  in  
mind  nowadays .

those masks that  over the centur ies have 
been developed for  medical  or  protect ive 
purposes,  even in sport  and work

14 
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mamuthones  -  i ta l ian  sard in ian  t rad i t iona l  maskamer ican  na t i ve  face  mask

amer ican  na t i ve  face  mask

I t  i s  wrong to  th ink  tha t  masks  have  a  func t ion  
on ly  in  b iomedic ine ,  spec ia l l y  fo r  modern  
typ ica l  Western  med ic ine .  Masks  a re  a  very  
anc ien t  and  common t rad i t ion  fo r  most  o f  our  
cu l tu res  and  ances tors .
Masks  a re  a l so  a  fundamenta l  e lement  o f  e thno-
medic ine ,  t rad i t iona l  med ica l  cu l tu res  p resent  
in  o ther  te r r i to r ia l  a reas  such  as  A f r i ca  and  
As ia ,  where  they  per fo rm an  apotropaic  
func t ion .  They  a re  worn  by  shamans  and  sorce-
re rs  dur ing  r i tes  to  hea l  peop le  o r  to  p revent  a  
pa tho log ica l  cond i t ion  f rom in te rven ing  and  
o f ten  reproduce  a  pa tho log ica l  cond i t ion  
aga ins t  wh ich  pro tec t ion  i s  sought .
Fur thermore,  i t  shou ld  be  cons idered  tha t  
espec ia l l y  in  A f r i ca ,  bu t  a l so  in  the  Eas t ,  the  
d isease  i s  no t  someth ing  re la ted  to  the  
ind iv idua l  bu t  i s  due  to  the  a l te ra t ion  o f  a  
soc ia l /a l l -a round ba lance.  
There fore ,  therapy  i s  a im ing  to  res tore  order  in  
a  soc ia l  env i ronment ,  more  than  in  the  s ick  
sub jec t ,  a t  res tor ing  order  in  a  soc ia l  
env i ronment  tha t ,  hav ing  been  a l te red ,  has  led  

to  the  rea l i za t ion  o f  the  d isease.  [A] 
The  r i tua ls  o f  the  shamans  o f  wear ing  the  mask ,  
danc ing  and  s ing ing  have  to  he lp  in  th i s  sense.

apotropaic mask

15
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theat r i ca l  charac ter  mask

representative-theatrical mask

Probab ly  one  o f  the  fi rs t  tes t ified  uses  o f  p roper  
masks  in  mank ind ’s  h i s to ry  i s  fo r  theat ra l  and  
representa t i ve  purposes .

The  use  o f  the  mask  was  in i t i a l l y  zoomorph ic ,  
and  can  be  t raced  back  to  p reh is to r i c  t imes .  
On  the  wa l l s  o f  the  deux  f rè res  cave,  in  the  
F rench  Pyrenees ,  a  pa in t ing  dep ic ts  a  hunter  
d i sgu ised  as  a  goat  wh i le  hunt ing .  
The  t rad i t ion  o f  d ress ing  up  in  an ima l  sk ins  and  
masks  and  im i ta t ing  the i r  movements  i s  p resent  
in  a l l  human cu l tu res .

In  the  Greek  theater,  wh ich  used  them 
sys temat ica l l y  f rom the  beg inn ing ,  the  masks  
had  the  doub le  func t ion  o f  charac ter i z ing  the  
charac ter  and  mak ing  h im v i s ib le  even  f rom a  
great  d i s tance  (g iven  the  s i ze  o f  Greek  
theaters ) .  
The  masks  had  fixed  charac ters  wh ich  were  
used  to  confident l y  a t t r ibu te  the  c lass  o f  
be long ing ,  the  s ta te  o f  m ind ,  the  age  and  the  
persona l i t y  o f  the  charac ter  who was  s taged.

In  Europe the  use  o f  the  mask  was  very  succes-
s fu l  w i th  the  I ta l ian  commedia del l 'ar te  o f  the  
s i x teenth  century,  wh ich  e labora ted  the  
charac ter i s t i c  masks  o f  the  charac ters  s ta r t ing  

f rom prev ious  masks  and  f rom an ima ls .  [B]

Dur ing  th i s  per iod  theat re  masks  were  ma in ly  
a t t r ibu ted  to  the  func t ion  o f  resembl ing  
someone and  to  communica te  i t s  ma in  t ra i t s ,  
re la ted  to  the  scenar io  and  theaters  carachter.

16 
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p lague  face  mask  v i sua l i za t ion

representa t ion  o f  p lague  doc tor  su i t

The  s to ry  beg ins  dur ing  the  Rena issance  and  
the  idea  was  made tha t  the  contag ious  d iseases  
o f  the  t ime -  inc lud ing  the  b lack  p lague  -  had  
been  sca tura ted  f rom the  so-ca l led  "miasmas".  
Wi th  the  te rm “miasma”  we re fe r  to  the  bad ,  
pungent  and  unhea l thy  a i r  tha t  accord ing  to  the  
be l ie fs  o f  the  t ime was  the  cause  o f  most  
in fec t ions .  Thus ,  t i ssues  and  towels  impregna-
ted  w i th  essences  began  to  be  used ,  wh ich  had  
the  requ is i te  o f  remov ing  dead ly  miasmas .
These  so lu t ion  were  employed as  coverage  fo r  
face  and  resp i ra to ry  t rac ts  to  p reserve  them 

f rom the  bad  smel l .  [A] 

Th i s  lead  us  to  the  more  e labora te  "p lague  
masks",  equ ipped wi th  a  long  beak  in to  wh ich  
the  doc tors  inser ted  a  ser ies  o f  f ragrant  essen-
ces  and  s t raw.  
The  doc tors  who remained  and  dec ided  to  
ass i s t  and  t rea t  i l l  pa t ien ts ,  in  add i t ion  to  the  
charac ter i s t i c  mask ,  used  to  wear  a  long  
o i l c lo th  overcoat ,  g loves ,  g lasses ,  a  w ide-hea-
ded ha t ,  and  a  s t i ck  tha t  a l lowed them to  v i s i t  
the  s ick  f rom a  d is tance  w i thout  d i rec t l y  
in te rac t ing  w i th  the i r  hands .
Th is  c lo th ing ,  known as  the  p lague  doc tor 's  
d ress ,  was  insp i red  by  the  a rmor  o f  so ld ie rs  and  
has  been  the  way  doc tors  t r ied  to  de fend  them-
se lves  aga ins t  contag ion .
I t  was  an  ine�ect i ve  de fense  but  i t  a l so  gave  
the  idea  o f    “p ro tec t ion”  aga ins t  someth ing /so-
meone i l l ,  and  i t  can  be  there fore  cons idered  
the  first  of  the heal th masks,  which wi l l  be develo-
ped a few centur ies late.
I t  w i l l  be  necessary  to  wa i t  un t i l  the  n ine teenth  
century  be fore  s tumbl ing  upon  the  fi rs t  t rue  
med ica l  mask ,  namely  the  surg ica l  one

plague mask
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P ro f.  Berger  ( su rgeon )  por t ra i t

fi rs t  face-mask  concepts

In  the  second ha l f  o f  the  century  the  concept  o f  
m iasmas  was  fina l l y  overcome,  a l so  thanks  to  
the  s tud ies  o f  Rober t  Koch  who d iscovered  ( in  
1882 )  the  causat i ve  agent  o f  tubercu los i s ,  
demonst ra t ing  tha t  germs  a re  the  cause  o f  
in fec t ious  d i seases .  Thus  we begin to th ink of  
possib le remedies designed to select ively  k i l l  the 
pathogen that  causes the in fect ion .  
D rugs  tha t  work  as  a  sor t  o f  "mag ic  bu l le ts"  as  
Pau l  Ehr l i ch ,  Nobe l  P r i ze  in  Med ic ine  in  1908 
and  founder  o f  the  chemotherap ies ,  ca l led  them 
o f  in fec t ious  d i seases .  
In  para l le l ,  su rgery  beg ins  to  be  more  e�ect i ve :  
anes thet i cs  and  chemica ls  a re  used  to  s te r i l i ze  
the  opera t ing  fie ld ,  even  i f  i n  a  p re l im inary  and  
rough  way.  However,  the  r i sk  o f  in fec t ion  
remains  h igh  and  i s  o f ten  the  cause  o f  pa t ien t  
death .  
San i t i z ing  the  surg ica l  fie ld  has  been  a  minor  
top ic  o f  in te res t  un t i l  Car l  F lügge thoughts  were  
pub l i shed  -  F lügge demonst ra tes  tha t  norma l  
conversa t ion  i s  enough to  spread  drop le ts  
conta in ing  bac ter ia  f rom the  nose  and  mouth  
in to  the  a i r  -  i t  i s  unders tood tha t  the  cause  o f  
seps is  can  a l so  be  the  surgeon,  who s imp ly  
b rea th ing  or  speak ing  i s  in  ab le  to  contaminate  

the  wound [A] .

I n  1897  the  Aus t r ian  surgeon Johann  von  Miku l i -
cz  Radeck i  hypothes ized  to  use  a  p ro tec t ion  -  a  
s imp le  gauze  -  on  the  mouth  and  nose  to  
p revent  d rop le ts  f rom fa l l i ng  in to  the  opera t ing  
fie ld .  
In  the  same year,  the  F rench  surgeon Pau l  
Berger  opera ted  fo r  the  fi rs t  t ime wi th  a  gauze  
mask  on  h i s  face .  " I t  was the star t ing point  for  
us ing increasingly e laborate gauze" [C] 

surgical mask
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por t ra i t  p ic tu re  o f  doc tor  Wu L ien- teh

firs t  face-mask  concepts

anti-contagion mask

However,  the  surg ica l  mask ,  as  i s  now wel l  
known,  i s  use fu l  fo r  p ro tec t ing  o thers  f rom 
contag ion ,  i f  the  wearer  i s  in fec ted ,  bu t  no t  
very  use fu l  fo r  p ro tec t ing  the  wearer  in  the  
case  o f  a  hea l thy  person .  In  th i s  case,  to  l im i t  
contac t  w i th  the  v i rus  o r  bac ter ium as  much  as  
poss ib le ,  i t  i s  more  su i tab le  to  use  another  t ype  
o f  mask ,  the  fi l te r ing  one,  such  as  the  now 

famous  FFP2 or  FFP3 .  [A] 

The  fi rs t  examples  o f  th i s  dev ice  a re  due  to  Wu 
L ien- teh ,  a  Ch inese  doc tor  who co l labora ted  in  
keep ing  under  cont ro l  a  p lague  ep idemic  tha t  
spread  in  Manchur ia  between 1910  and  191 1 ,  

w i th  a  very  h igh  mor ta l i t y.  [C] 
Wu L ien- teh  rea l i zed  tha t  the  surg ica l  masks  
ind ica ted  as  an  an t i - contag ion  means  had  a  
dec ided ly  low e�cacy.  So  he  deve loped a  more  
e labora te  vers ion ,  composed o f  va r ious  layers  
o f  over lapp ing  gauze  and  co t ton ,  w i th  a  she l l  
shape tha t  a l lowed i t  to  adhere  per fec t l y  to  the  
face  to  cover  the  nose  and  mouth .  "A l though the 
fi l ter  masks as we know them today were develo-
ped in the 1960s,  the idea was born at  that  t ime" 
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fi rs t  face  therapeut ic  mask  mode l

fi rs t  par t i c le -fi l t ra t ion  mask  mode ls

Beyond the  pro tec t i ve  func t ion  aga ins t  
pa thogens ,  the  mask  can  a l so  have  a  
therapeut ic  func t ion  in  the  med ica l  fie ld .  Such  
as  those  mask  used  fo r  anes thes ia  o r  
resp i ra to ry  purposes .
For  example  anes thes ia  mask  a t  the  beg inn ing  
o f  the  twent ie th  century  were  made on ly  w i th  a  
c rossed  i ron  w i re ,  on  wh ich  a  gauze  was  p laced  
where  e ther  o r  ch lo ro form was  then  drawn.
However ,  therapeut ic  masks were born in  the 
1960s wi th a precise h is tory,  s t rong ly  re la ted  to  
the  w idespread  o f  therapeut ic  comun i t ies  and  
the  defin i t ion  and  adopt ion  o f  the  therapeut ic  

method [A].

These  inc lude  the  ambu-equ ipped mask  w i th  a  
se l f -expand ing  bag  used  to  suppor t  resp i ra to ry  
ac t i v i t y  and  as  a  maneuver  in  resusc i ta t ion .  

The  C-pap  (cont inuous  pos i t i ve  a i rway  pressu-
re )  mask ,  wh ich  a l lows  cont inuous  pos i t i ve  
p ressure  mechan ica l  vent i la t ion ,  used  to  
manage var ious  resp i ra to ry  p rob lems tha t  d id  
not  requ i re  in tubat ion  ( fo r  wh ich  both  masks  
and  spec ia l l y  deve loped he lmets  were  used  
la te r  in  the  years ) .

Many  o ther  mode ls  were  in t roduced dur ing  the  
years  o f  g rowth  in  the  med ica l  research  fie ld .
Each  mask  respond ing  to  a  spec ific  pa t ien t -ne-

ed  and  used  to  accompl i sh  a  g iven  therapy.  [D]  

therapeutic mask

20 
 

[N]

[O]



03.1 Pre l im inary  research0.1

an t i -gas  mask  mode l  fo r  war  purposes

ant i -gas  masks  supp l ied  to  mi l i ta ry  fo rces

protective mask

The so-ca l led  “ant i -gas  mask”.
Th is  cor responds  to  another  w ide ly  used  
ca tegory  o f  masks :  the  pro tec t i ve  ones .
Th is  k ind  o f  mask ,  such  as  the  an t i -gas ,  was  
heav i l y  deve loped dur ing  the  F i r s t  Wor ld  War  
when chemica l  weapons  were  used  fo r  war  
purposes .
The  mask  was  in i t i a l l y  in tended to  p ro tec t  
so ld ie rs  on  fie ld  f rom harmfu l  gases  or  par t i c les  
w ich  were  spreaded between the  t renches .

The  techno logy  deve loped dur ing  th i s  per iod  o f  
s t rugg le  enhanced fu r ther  d i scover ies  and  
searches  a round the  top ic  o f  hazardous  gas  and  
powders  in  d i�erent  fie lds  o f  app l i ca t ion ,  
c rea t ing  awareness  f rom wh ich  a  who le  ser ies  
o f  p ro fess iona l  dev ices  were  born ,  used  by  
those  who work  w i th  gas  and  powders  
nowadays .
F rom th i s  cur ren t ,  modern  indus t r ia l  PPE  
(persona l  p ro tec t ion  equ ipment )  were  
in t roduced to  every -day  use  in  some very  
spec ific  scenar ios  in  o rder  to  p ro tec t  opera tor ’s  

hea l th  and  l i fe .  [D]
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fi rs t  pa tented  par t i c le  fi l t ra t ing  mask  concept

As  we a l ready  ment ioned,  the  deve lopment  o f  
masks  and  techno log ies  fo r  the  pro tec t ion  o f  
opera tors  in  the  workp lace,  d raws  i t s  o r ig ins  
f rom the  innovat ion  pushed dur ing  the  wor ld  
wars .
I t  i s  p rec ise ly  dur ing  these  years  tha t  man finds  
h imse l f  fac ing  dangers  re la ted  to  the  resp i ra -
to ry  t rac t  fo r  the  fi rs t  t ime,  in  par t i cu la r  fo r  the  
use  o f  chemica l  weapons  and  consequent  expo-
sure  to  harmfu l  gases  and  dus t .

One o f  the  fi rs t  invent ions  in  th i s  regard  was  the  
"Sa fe ty  and  smoke pro tec t ion  hood"  invented  
by  Gar re t t  Morgan  in  1912  and  patented  in  1914 .  
I t  was  a  very  s imp le  dev ice  to  be  worn .  Cons i -
s t ing  o f  a  co t ton  hood wi th  two tubes  hang ing  
down to  the  floor,  a l lowing  the  wearer  to  
b rea the  c lean  a i r.  Wet  sponges  were  inser ted  a t  
the  end  o f  the  tubes  to  bet te r  fi l te r  the  a i r.  
I t  was  pa tented  and  awarded a  go ld  meda l  two 
years  la te r  by  the  In te rna t iona l  Assoc ia t ion  o f  

F i re  Ch ie fs .  [A]

On  Ju ly  1910,  the  Un i ted  Sta tes  Depar tment  o f  
the  In te r io r  es tab l i shed  the  Un i ted  Sta tes  
Bureau  o f  M ines  (USBM) .  USBM worked to  
address  the  h igh  mor ta l i t y  ra te  o f  m iners  and  in  
1919,  s ta r ted  the  fi rs t  resp i ra to r  cer t ifica t ion  
program in  the  Un i ted  Sta tes .
Th is  led  to  the  c rea t ion  o f  the  fi rs t  Amer ican  
company  ded ica ted  to  the  mass  p roduct ion  o f  
ind iv idua l  p ro tec t ion  equ ipment  fo r  opera tors ,  
wh ich  s t i l l  ex i s t s  today  under  the  name MSA 
(The  Sa fe ty  Company ) .
Over  the  years ,  techno log ica l  evo lu t ion  has  led  
persona l  p ro tec t i ve  equ ipment  to  become 
inc reas ing ly  soph is t i ca ted  sys tems and  compe-
t i t ion  between brands  has  ra i sed  a  lo t  due  to  
the  numerous  emerg ing  p layers  en ter ing  in  th i s  

sec tor.  [E]

industrial mask
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d i�erent  mask  mode ls  fo r
prac t i c ing  spor ts  ac t i v i t y

Beyond the  pro tec t i ve  func t ion  aga ins t  
pa thogens  or  contaminants  masks ,  more  in  
genera l  face  cover ings ,  had  been  used  fo r  ages  
to  sh ie ld  the  human body.
Wi th  the  inc rease  o f  spor t  p rac t i ces  and  
d isc ip l ines  and  w i th  the  w idespread  o f  spor t  
ac t i v i t ies  and  l i fes ty les ,  the  need fo r  p ro tec t ing  
equ ipment  s ta r ted  to  inc rease.

Dur ing  the  years  many  d i�erent  masks  and  
he lmets  have  been  fine- tuned in  o rder  to  meet  
the  requ i rments  g iven  by  the  prac t i ced  ac t i v i t y  
to  guarantee  e�ect i ve  p ro tec t ion .
Th is  i s  the  case  o f  foo tba l l  o r   fenc ing  prac t i t io -
ners ,  where  the  “mask”  i s  made o f  a  meta l -w i re  
net  to  avo id  d i rec t  contac t  w i th  eyes  and  o ther  
exposed face  a reas .
Same happens  in  case  o f  water  spor ts ,  where  a  
so f t  and  rubber  harness  ensures  t igh t  sea l  a l l  
a round the  mask  once  i t ’s  worn  underwater  by  
the  user.  

In  many  o ther  spor ts  ( sk i ,  cyc l ing ,  baseba l l . . )  
masks  a re  employed fo r  sa fe ty  reasons  and  a re  
nowdays  fu l l y  in tegra ted  in to  the  o�c ia l  and  

cor rec t  p rac t i ce  fo r  spor ts .  [A]

sport mask
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the evolution of mask concept over ages
0.2  Overview - milestones of personal protection
 

European Black P lague
1347 -  1353

Manchur ian pneumonic p lague
1910 -  191 1

Modern Medic ine di�us ion
XIX century

Accidents at  work
1920s

World War I
1914 -  1918

Medical  therapies d i�us ion
1960s
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p lague  mask  was  invented  dur ing  th i s  per iod  to  
p revent  doc tors  f rom d i rec t  contac t  w i th  
contaminated  pa t ien ts

firs t  an t i - contag ion  mask  concept  was  born  
a round mid- ’800.  I t  was  a  s imp le  co t ton  and  
gauze  layer  to  cover  resp i ra to ry  t rac ts

a  more  s t ruc tu red  proposa l  was  fo rmu la ted  
f rom a  Ch inese  doc tor  wh i le  s tudy ing  p lague  in  
Manchur ia .  Gauze  and  co t ton  were  brought  
togheter  in  the  shape we recogn ise  nowdays

firs t  an t i -gas  mask  was  deve loped to  he lp  
so ld ie rs  to  surv ive  the  new chemica l  weapons  
used  dur ing  Wor ld  War  I

many  med ica l  dev ices  s ta r ted  to  appear  a f te r  
‘60s  where  the  mask  was  used  to  de l i ver  
cus tom medica l  therapy.  Th is  thanks  to  the  
inc reas ing  in te res t  fo r  the  research  on  therp ies

firs t  persona l -p ro tec t i ve  indus t r ia l  mask  s ta r ted  
to  appear  a f te r  WWI  to  p ro tec t  workers  on  
hazards  and  acc idents  a t  work .  I t  was  in i t i a l l y  
employed by  fi remans  and  miners .

documented evolution of face-mask concept
Overview
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1.0 the use of PPE

personal protection equipment
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definition of the term in it’s meanings
1.0  The use of PPE
 

wi th  the  te rm PPE  mask  we re fe r  to :

commonly  re fe r red  to  as  the  equ ipment  worn  to  
min imize  exposure  to  hazards  tha t  cause  
ser ious  workp lace  in ju r ies  and  i l l nesses .  These  
in ju r ies  and  i l l nesses  may  resu l t  f rom contac t  
w i th  chemica l ,  rad io log ica l ,  phys ica l ,  e lec t r i ca l ,  
mechan ica l ,  o r  o ther  workp lace  hazards .

In  i ta l ian  the  te rm DPI  i s  used  to  define the  
same garment  ca tegory,  by  the  mean o f :

disposi t iv i  d i  protezione indiv iduale

Protec t i ve  equ ipment  may  be  worn  fo r  
job- re la ted  occupat iona l  sa fe ty  and  hea l th  
purposes ,  as  we l l  as  fo r  spor ts  and  o ther  

rec reat iona l  ac t i v i t ies .  [A]

The  purpose  o f  persona l  p ro tec t i ve  equ ipment  
i s  to  reduce  employee  exposure  to  hazards  
when eng ineer ing  cont ro ls  and  admin is t ra t i ve  
cont ro ls  a re  not  feas ib le  o r  e�ect i ve  to  reduce  
these  r i sks  to  acceptab le  leve ls .  
PPE  i s  needed when there  a re  hazards  p resent .  
PPE  has  the  ser ious  l im i ta t ion  tha t  i t  does  not  
e l im ina te  the  hazard  a t  the  source  and  may  
resu l t  in  employees  be ing  exposed to  the  

hazard  i f  the  equ ipment  fa i l s .  [B]

personal  protect ive equipment

[A] d i�erent  k inds  o f  PPE  presenta t ion
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short history about safety

As  a l ready  ment ioned,  the  deve lopment  o f  
masks  and  techno log ies  fo r  the  pro tec t ion  o f  
opera tors  in  the  workp lace,  d raws  i t s  o r ig ins  
f rom the  innovat ion  pushed dur ing  the  wor ld  
wars .
I t  i s  p rec ise ly  dur ing  these  years  tha t  man finds  
h imse l f  fac ing  dangers  re la ted  to  the  resp i ra -
to ry  t rac t  fo r  the  fi rs t  t ime,  in  par t i cu la r  fo r  the  
use  o f  chemica l  weapons  and  consequent  expo-
sure  to  harmfu l  gases  and  dus t .

One o f  the  fi rs t  invent ions  in  th i s  regard  was  the  
"Sa fe ty  and  smoke pro tec t ion  hood"  invented  
by  Gar re t t  Morgan  in  1912  and  patented  in  1914 .  
I t  was  a  very  s imp le  dev ice  to  be  worn .  Cons i -
s t ing  o f  a  co t ton  hood wi th  two tubes  hang ing  
down to  the  floor,  a l lowing  the  wearer  to  
b rea the  c lean  a i r.  Wet  sponges  were  inser ted  a t  
the  end  o f  the  tubes  to  bet te r  fi l te r  the  a i r.  
I t  was  pa tented  and  awarded a  go ld  meda l  two 
years  la te r  by  the  In te rna t iona l  Assoc ia t ion  o f  

F i re  Ch ie fs .  [C] 

On  Ju ly  1910,  the  Un i ted  Sta tes  Depar tment  o f  
the  In te r io r  es tab l i shed  the  Un i ted  Sta tes  
Bureau  o f  M ines  (USBM) .  USBM worked to  
address  the  h igh  mor ta l i t y  ra te  o f  m iners  and  in  
1919,  s ta r ted  the  fi rs t  resp i ra to r  cer t ifica t ion  
program in  the  Un i ted  Sta tes .
Th is  led  to  the  c rea t ion  o f  the  fi rs t  Amer ican  
company  ded ica ted  to  the  mass  p roduct ion  o f  
ind iv idua l  p ro tec t ion  equ ipment  fo r  opera tors ,  
wh ich  s t i l l  ex i s t s  today  under  the  name MSA 
(The  Sa fe ty  Company ) .
Over  the  years ,  techno log ica l  evo lu t ion  has  led  
persona l  p ro tec t i ve  equ ipment  to  become 
inc reas ing ly  soph is t i ca ted  sys tems and  compe-
t i t ion  between brands  has  ra i sed  a  lo t  due  to  
the  numerous  emerg ing  p layers  en ter ing  in  th i s  
sec tor  and  mak ing  “persona l  s fa tey”  a  hot  top ic  

p ic tu re  o f  we ld ing  worker
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p ic tu re  o f  worker  in  shed

30 
 

[C]



03.1 F ie ld  research1 .0

 safety in the industry

I t  i s  r igh t  a t  the  tu rn  o f  the  second Wor ld  War  
tha t  themes  such  as  p ro tec t ion  o f  ind iv idua l  
sa fe ty  o f  the  worker  and  long- te rm work- re la -
ted  acc idents  became popu la r  and  began  to  be  
inves t iga ted  under  d i�erent  aspects .
Wi th  the  end  o f  the  confl ic t  much  a t ten t ion  was  
put  on  the  sa feguard ing  o f  work ing  cond i t ions  
and  the  ques t ion  ga ined  popu la r i t y  in  d i�erent  
fie lds ,  a l so  thanks  to  pub l i c  op in ion .   
F rom th i s  moment  on  the  pro tec t ion  and  
sa feguard ing  o f  workers  became a  very  hot  
top ic  in  many  indus t r ia l  fie lds  and  sec tors ;  even  
nowdays  the  top ic  i s  t rea ted  w i th  much  regard .

Ru les ,  manua ls  and  documenta t ion  was  c rea ted  
a round the  top ic .  Coded prac t i ces  and  procedu-
res  a re  nowdays  ava i lab le  and  shared  among 
d i�erent  indus t r ia l  rea l i t ies  in  o rder  to  a l l ign  
behav iours  and  countermeasures  in  spec ific  

fie lds  to  p ro tec t  workers  sa fe ty.  [D]

Persona l  P ro tec t i ve  Equ ipment  were  in t roduced 
in  many  sec tors  to  par t ia l l y  m i t iga te  users  r i sk  
exposure  where  danger  cannot  be  comple te ly  
removed.  For  cer ta in  app l i ca t ions ,  adopt ing  a  
PPE  when work ing ,  cont r ibu ted  enormous ly  to  
decrease  user  r i sk  exposure  and  to  reduce  fa ta l  
acc idents  on  work .  The  top ic  g rowed and  
ga ined  impor tance  dur ing  years  and  i s  now a  
very  recogn ized  and  we l l -known top ic ,  w i th  i t s  
own l i te ra tu re  and  case  s tud ies .  In  the  
fo l lowing  pages  defin i t ions  and  examples  o f  

app l i ca t ions  w i l l  be  g iven .  [E]
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hazard categorization and ways of protection on work

[G] source :  h t tps : / /ec .europa .eu /euros ta t

1.1  Occupational hazards

Prac t i ces  o f  occupat iona l  sa fe ty  and  hea l th  can  
use  hazard contro ls  and intervent ions  to  
mi t iga te  workp lace  hazards ,  wh ich  pose  a  
th rea t  to  the  sa fe ty  and  qua l i t y  o f  l i fe  o f  
workers .  The  h ie ra rchy  o f  hazard  cont ro ls  
p rov ides  a  po l i cy  f ramework  wh ich  ranks  the  
types  o f  hazard  cont ro ls  in  te rms  o f  abso lu te  
r i sk  reduc t ion .  

A t  the  top  o f  the  h ie ra rchy  a re  el iminat ion  and  
subst i tu t ion ,  wh ich  remove the  hazard  ent i re ly  
o r  rep lace  the  hazard  w i th  a  sa fe r  a l te rna t i ve .  
I f  e l im ina t ion  or  subs t i tu t ion  measures  cannot  
be  app l ied ,  engineer ing contro ls  and  
adminis t rat ive contro ls  (wh ich  seek  to  des ign  
sa fer  mechan isms  and  coach  sa fer  human 
behav io r )  a re  imp lemented .  
Persona l  p ro tec t i ve  equ ipment  ranks last  on  the  
h ie ra rchy  o f  cont ro ls ,  as  the  workers  a re  
regu la r l y  exposed to  the  hazard ,  w i th  a  bar r ie r  
o f  p ro tec t ion .  
The  h ie ra rchy  o f  cont ro ls  i s  impor tan t  in  
acknowledg ing  tha t ,  wh i le  persona l  p ro tec t i ve  
equ ipment  has  t remendous  u t i l i t y,  i t  i s  no t  the  
des i red  mechan ism o f  cont ro l  in  te rms  o f  
worker  sa fe ty.  E l im ina t ing  the  cause  o f  hazard  
a t  the  source  i s  a lways  the  bes t  (and  sa fer )  

cho ice  i f  v iab le .  [F]

p i c tu re  o f  worker  in  a  b las t  fu rnace
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Persona l  p ro tec t i ve  equ ipment  can  be  ca tegor i -
zed  by  the  a rea  o f  the  body  pro tec ted ,  by  the  
types  o f  hazard ,  and  by  the  type  o f  garment  o r  
accessory.  A  s ing le  i tem –  fo r  example ,  boots  –  
may  prov ide  mu l t ip le  fo rms  o f  p ro tec t ion :  a  
s tee l  toe  cap  and  s tee l  inso les  fo r  p ro tec t ion  o f  
the  fee t  f rom c rush ing  or  punc ture  in ju r ies ,  
imperv ious  rubber  and  l in ing  fo r  p ro tec t ion  
f rom water  and  chemica ls ,  h igh  reflec t i v i t y  and  
heat  res i s tance  fo r  p ro tec t ion  f rom rad ian t  
heat ,  and  h igh  e lec t r i ca l  res i s t i v i t y  fo r  
p ro tec t ion  f rom e lec t r i c  shock .  The  pro tec t i ve  
a t t r ibu tes  o f  each  p iece  o f  equ ipment  must  be  
compared  w i th  the  hazards  expected  to  be  
found in  the  workp lace.  More  breathab le  types  
o f  persona l  p ro tec t i ve  equ ipment  may  not  lead  
to  more  contaminat ion  but  do  resu l t  in  g rea ter  
user  sa t i s fac t ion .   

Any  i tem o f  PPE  imposes  a  bar r ie r  be tween the  
wearer /user  and  the  work ing  env i ronment .  Th is  
can  c rea te  add i t iona l  s t ra ins  on  the  wearer,  
impa i r  the i r  ab i l i t y  to  car ry  ou t  the i r  work  and  
c rea te  s ign ificant  leve ls  o f  d i scomfor t .  Any  o f  
these  can  d iscourage  wearers  f rom us ing  PPE  
cor rec t l y,  there fore  p lac ing  them a t  r i sk  o f  
in ju ry,  i l l -hea l th  o r,  under  ex t reme c i rcumstan-
ces ,  death .  Good ergonomic  des ign  can  he lp  to  
min imise  these  bar r ie rs  and  can  there fore  he lp  
to  ensure  sa fe  and  hea l thy  work ing  cond i t ions  
th rough  the  cor rec t  use  o f  PPE .

types of hazard

the role of design

p ic tu re  o f  med ica l  opera tor  wear ing  fu l l  face  mask
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hazards and employed garment

gas mask

1.2  PPE categories and garments

respirators

resp i ra to rs  serve  to  p ro tec t  the  user  f rom 
breath ing  contaminants  in  the  a i r,  thus  
p reserv ing  the  hea l th  o f  the i r  resp i ra to ry  t rac t .  
There  a re  two ma in  types  o f  resp i ra to rs .  One  
t ype  o f  resp i ra to r  func t ions  by  fi l te r ing  out  
chemica ls ,  gases  or  a i rborne  par t i c les ,  f rom the  
a i r  b rea thed  by  the  user.  The  fi l t ra t ion  may  be  
e i ther  pass ive  or  ac t i ve  (powered ) .  A  second  
t ype  o f  resp i ra to r  p ro tec ts  users  by  p rov id ing  
c lean ,  resp i rab le  a i r  f rom another  source .  Th is  
t ype  inc ludes  a i r l i ne  resp i ra to rs  and  
se l f -conta ined  breath ing  appara tus  (SCBA) .  In  
work  env i ronments ,  resp i ra to rs  a re  re l ied  upon  
when adequate  vent i la t ion  i s  no t  ava i lab le  o r  
o ther  eng ineer ing  cont ro l  sys tems a re  not  
feas ib le  o r  inadequate

particulate respirator

PAPR

SCBA

coats & suits

skin protection

Sk in  hazards ,  wh ich  lead  to  occupat iona l  sk in  
d i sease,  can  be  c lass ified  in to  four  g roups .  
Chemica l  agents  ( th rough  d i rec t  contac t  w i th  
contaminated  sur faces ,  depos i t ion  o f  aeroso ls ,  
immers ion  or  sp lashes ) ,  Phys ica l  agents  ( such  
as  ex t reme tempera tures  and  u l t rav io le t ) ,  
Mechan ica l  t rauma occurs  ( in  the  fo rm o f  
f r i c t ion ,  p ressure ,  abras ions ,  lacera t ions  and  
contus ions ) ,  B io log ica l  agents  ( such  as  
paras i tes ,  m ic roorgan isms ,  p lan ts  and  an ima ls )
In  th i s  ca tegory  we find  any  a r t i c le  o f  c lo th ing  
or  p ro tec t ion  worn  w i th  the  purpose  o f  
p ro tec t ing  the  sk in .  
Lab  coats  ,  face  sh ie lds  and  g loves  a re  
examples  o f  th i s  ca tegory  o f  garment

hood

gloves cut-resistant

rubber (antistatic)

chainsaw

heat-resistant
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eye protection

Eye  in ju r ies  can  happen th rough  a  var ie ty  o f  
means .  Most  eye  in ju r ies  occur  when so l id  
par t i c les  such  as  meta l  s l i ve rs ,  wood ch ips ,  
sand  or  cement  ch ips  get  in to  the  eye.  Smal le r  
par t i c les  in  smokes  and  la rger  par t i c les  such  as  
b roken  g lass  a l so  account  fo r  par t i cu la te  
mat te r -caus ing  eye  in ju r ies .  
Wh i le  the  requ i red  eye  pro tec t ion  var ies  by  
occupat ion ,  the  sa fe ty  p rov ided  can  be  genera-
l i zed .  Sa fe ty  g lasses  p rov ide  pro tec t ion  f rom 
ex terna l  debr i s ,  and  shou ld  p rov ide  s ide  
pro tec t ion  v ia  a  wrap-around des ign  or  s ide  
sh ie lds .

hearing protection

I ndus t r ia l  no ise  i s  o f ten  over looked as  an  occu-
pat iona l  hazard ,  as  i t  i s  no t  v i s ib le  to  the  eye.  
Occupat iona l  hear ing  loss  accounted  fo r  14% o f  
a l l  occupat iona l  i l l nesses ,  w i th  about  23 ,000 
cases  s ign ificant  enough to  cause  permanent  
hear ing  impa i rment .  
PPE  fo r  hear ing  pro tec t ion  cons is ts  o f  earp lugs  
and  earmu�s .  Workers  who are  regu la r l y  expo-
sed  to  no ise  leve ls  above  the  N IOSH recommen-
dat ion  (85dB>8hr )  shou ld  be  prov ided  w i th  
hear ing  pro tec t ion  by  the  employers .  A  perso-
na l  a t tenuat ion  ra t ing  can  be  ob jec t i ve ly  
measured  th rough  a  hear ing  pro tec t ion  fi t - te -
s t ing  sys tem.  The  e�ect i veness  o f  hear ing  
pro tec t ion  var ies  w i th  the  t ra in ing  o�ered  on  
the i r  use .

welding / general hood

face shields

full-facepiece respirators

goggles

ear plugs

ear mu�s / ear flaps

integrated helmet

special hoods

chemicals

impact

dust

welding
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gas mask

protective clothing and ensambles

Th is  fo rm o f  PPE  i s  a l l -encompass ing  and  re fe rs  
to  the  var ious  su i t s  and  un i fo rms  worn  to  
p ro tec t  the  user  f rom harm.  Lab  coats  worn  by  
sc ien t i s t s  and  ba l l i s t i c  ves ts  worn  by  law enfor -
cement  o�c ia l s ,  wh ich  a re  worn  on  a  regu la r  
bas is ,  wou ld  fa l l  i n to  th i s  ca tegory.  En t i re  se ts  
o f  PPE ,  worn  together  in  a  combined su i t ,  a re  
a l so  in  th i s  ca tegory.

particulate respirator

PAPR

SCBA

pic tu re  o f  worker  exposed to  burns  and  sparks  wh i le  mach in ing  a  component
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hear ing  protect ion

resp i ra tor  fi t t ing

eyes / face  protect ion

g loves  and protect ive  gearswelder  case  s tudy  work ing  ambient

welder case study
On workplace
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Persona l  p ro tec t i ve  equ ipment  regu la t ion  a t  
work  seeks  to  ensure  tha t  where  r i sks  cannot  
be  cont ro l led  by  o ther  means  PPE  shou ld  be  
cor rec t l y  ident ified  and  put  in to  use .
Depend ing  on  where  the  worker  i s  employeed,  
the  use  o f  PPE  on  the  workp lace  can  be  regu la -
ted  by  d i�erent  laws ,  th i s  can  d i�er  by  na t ion  
and  reg ion .

In  Europe,  UK or  US  employees  w i l l  no t  be  
charged wi th  o r  cont r ibu te  to  the  prov is ion  and  
ma in tenance  o f  PPE .  I f  there  i s  a  need fo r  PPE  
i tems  they  must  be  prov ided  f ree  o f  charge  by  
the  employer.
Same defin i t ions  may  not  app ly  fo r  a l l  the  
ca tegor ies  o f  PPE  ( such  as  resp i ra to rs )  where  
spec ia l  requ i rements  a re  deta i led  in  o ther  
regu la t ions  o r  may  change f rom count ry  to  
count ry.  
Here  presented  an  overv iew on  ma in  laws  and  
regu la t ions  app l ied  in  d i�erent  count r ies :

hazard categorization and ways of protection on work
1.3  Laws and regulations

(UK) HSWA 1974

As  known as  Sa fe ty  and  Work  Ac t  1974 .
I t  se ts  ou t  the  genera l  du t ies  wh ich :  employers  
have  towards  employees  and  members  o f  the  
pub l i c /  employees  have  to  themse lves  and  to  
each  o ther /  cer ta in  se l f -employed have  

towards  themse lves  and  o thers  [I]

(UK) COSHH 2002

Cont ro l  o f  Subs tances  Hazardous  to  Hea l th .   
I s  the  law tha t  requ i res  employers  to  cont ro l  
subs tances  tha t  a re  hazardous  to  hea l th  and  
inc ludes  nanomater ia l s  to  p revent  and  reduce  

workers  exposure  to  hazardous  subs tances  [I]

ex .  o f  compl iance  cer t ifica te
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OSHA 1910.132 (US)

Occupat iona l  Sa fe ty  and  Hea l th  Standards .
Po in t  19 10.132  regu la tes  the  use  o f  PPE ,  se t t ing  
gu ide l ines  to  worker  ca tegor ies  invo lved ,  k ind  
o f  equ ipment  requ i red ,  genera l  ru les  
ma in tenance  and  po l lu tan t /hazard  
cons idera t ions .  D i�erent  and  more  in  depth  
regu la t ions  a re  p rov ided  fo r  each  spec ific  

indus t r ia l  sec tor  [L]

OSH Law on Work Safety  (CN)

The leg is la t i ve  s t ruc tu re  o f  OSH in  Ch ina  i s  
based  on  the  Cons t i tu t ion ,  and  cons is ts  o f  laws ,  
admin is t ra t i ve  regu la t ions ,  loca l  regu la t ions ,  
depar tmenta l  ru les ,  loca l  ru les  and  OSH 
s tandards .  The  ma jor  OSH laws  a re  Law on  Work  
Sa fe ty,  P revent ion  and  Cont ro l  o f  Occupat iona l  

D iseases  ( 1994 )  [M]

JISHA 2008 (JP)

Code o f  ru les  and  prac t i ces  addressed  to  
mon i to r  and  prevent  workers  hea l th  dur ing  
work ing  ac t i v i t y.  J ISHA bureau  s tands  and  
dep ic ts  d i�erent  p rograms and  regu la t ions  fo r  

d i�erent  indus t r ia l  sec tors  in  Japan  [N]

Code on Wages (IND)

i n  2020 the  Ind ian  Par l iament  combined 25  
labour  laws  in to  th ree  codes :  the  Soc ia l  
Secur i t y  Code,  the  Code on  Indus t r ia l  Re la t ions  
and  the  Code on  Occupat iona l  Sa fe ty,  Hea l th  

and  Work ing  Cond i t ions  [O]
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(EU) 2016/425 of 9th March 2016

category  I I I  DP I  examples

ca tegory  I I  DP I  examples

ca tegory  I  DP I  examples

Is  the  number  o f  leg is la t ion  regu la t ing  the  use  
and  product ion  o f  Persona l  P ro tec t ion  Equ ip -
ment  in  Europe.
The  PPE  regu la t ion  covers  the  des ign ,  manu-
fac tu re  and  market ing  o f  persona l  p ro tec t i ve  
equ ipment .  I t  defines  lega l  ob l iga t ions  to  
ensure  tha t  PPE  on  the  EU in te rna l  market  
p rov ides  the  h ighes t  leve l  o f  p ro tec t ion  aga ins t  
r i sks .  The  CE  mark ing  a�xed to  PPE  prov ides  
ev idence  o f  compl iance  o f  the  product  w i th  the  
app l i cab le  EU leg is la t ion .

As  leg is la t ion  based on  the  'new approach '  
a l l igned to  the  new leg is la t i ve  f ramework  
po l i cy,  manufac tu rers  o r  the i r  au thor i sed  repre-
senta t i ve  in  the  EU must  comply  w i th  the  essen-
t ia l  hea l th  and  sa fe ty  requ i rements  o f  the  PPE  
regu la t ion ,  d i rec t l y  o r  by  us ing  harmon ised  
European  s tandards .  The  la t te r  con fer  p resump-

t ion  o f  con formi ty  to  lega l  requ i rements .  [P]

The  PPE  regu la t ion  gu ide l ines  ( 1 s t  ed i t ion  -  
Apr i l  2018 )  a im to  fac i l i ta te  a  common under -
s tand ing  and  imp lementa t ion  o f  the  PPE  regu la -
t ion .  In  fac t ,  the  F i r s t  Ed i t ion  conta ins  the  new 

r i sk  ca tegor ies  o f  PPE .  [Q]

 
The  r i sk  ca tegor ies  f rom wh ich  persona l  
p ro tec t i ve  equ ipment  a re  in tended to  p ro tec t  
users ,  fo l lowing  the  new gu ide l ines ,  a re  th ree.

Lorem ipsum
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category I

 superfic ia l  mechan ica l  in ju r ies  (a )
contac t  w i th  mi ld ly  aggress ive  c lean ing  products  o r  p ro longed contac t  w i th  water  (b )

 contac t  w i th  hot  su r faces  tha t  do  not  exceed 50 °C  ( c )
eye  in ju r ies  due  to  exposure  to  sun l igh t  (o ther  than  in ju r ies  due  to  observa t ion  o f  the  sun )  (d )

 a tmospher ic  cond i t ions  o f  a  non-ex t reme nature  (e )

on ly  the  r i sks  tha t  can  cause  very  ser ious  
consequences  such  as  death  o r  i r revers ib le  
damage to  hea l th  w i th  regard  to  the  fo l lowing :

category II

 subs tances  and  mix tu res  dangerous  to  hea l th  (a )
 oxygen-defic ien t  a tmospheres  (b )

 harmfu l  b io log ica l  agents  ( c )
 ion iz ing  rad ia t ion  (d )

h igh- temp env i ronments  hav ing  e�ects  comparab le  to  those  o f  an  a i r  tempera ture  o f  a t  leas t  100  °C  (e )
low temp env i ronments  hav ing  e�ects  comparab le  to  those  o f  an  a i r  tempera ture  o f  -  50  °C  or  lower  ( f )

 fa l l s  f rom a  he ight  (g )
 e lec t r i c  shock  and  l i ve  work  (h )

i )  d rowning  ( i )
cu ts  f rom por tab le  cha in  saws  ( j )

 h igh  pressure  je ts  (k )
 bu l le t  o r  kn i fe  wounds  ( l )

 ha rmfu l  no ise  (m)

category III

i nc ludes  r i sks  o ther  than  those  l i s ted  in  
ca tegor ies  I  and  I I I  and  usua l l y  re fe rs  to  mixed  
or  combined type  o f  hazard .

inc ludes  on ly  the  fo l lowing  min imum r i sks :
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internal and external PPE production regulations
1.4  Approvals and certifications

Chapter  I I I - IV-V  and  VI  o f  reg.  EU 2016/425  a re  
those  defin ing  and  regu la t ing  PPE  conformi ty,  
cer t ifica t ions  and  procedures  shared  between  
European  members ;  in  th i s  regard  PPE  r i sk  
ca tegory  i s  c ruc ia l  and  s t r i c t l y  re la ted  to  the  
PPE  conformi ty  assessment  p rocedures  ( the  EU 
declarat ion of  conformi ty  ce r t ifies  compl iance  
w i th  the  essent ia l  hea l th  and  sa fe ty  requ i re -
ments ) .
In  par t i cu la r,  the  conformi ty  assessment  p roce-
dures  to  be  fo l lowed,  fo r  each  o f  the  r i sk  
ca tegor ies ,  can  be  found in  the  a forment ioned 
chapters  and  descr ibed  as  fo l lows :

A )  ca tegory  I :  i n te rna l  p roduct ion  cont ro l  

B )  ca tegory  I I :  EU- type  examinat ion  fo l lowed by  
conformi ty  to  t ype  based on  in te rna l  p roduct ion  
cont ro l

C )  ca tegory  I I I :  EU- type  examinat ion  and  one  o f  
the  fo l lowing :

( i )  con formi ty  to  t ype  based on  in te rna l  
p roduct ion  cont ro l  p lus  o�c ia l l y  cont ro l led  
product  tes ts  car r ied  out  a t  random in te rva ls

( i i )  con formi ty  to  t ype  based on  qua l i t y  assuran-
ce  o f  the  product ion  process  (modu le  D )  se t  ou t  
in  Annex  V I I I .

By  way  o f  derogat ion ,  fo r  PPE  produced as  
s ing le  un i t s  to  be  adapted  to  a  s ing le  ( spec ific )  
user  and  c lass ified  accord ing  to  ca tegory  I I I  
spec ia l  p rocedures  and  cer t ifica t ions ,  defined 
in  the  EU conformi ty  dec la ra t ion  may  be  

fo l lowed (Chapter  V-V I ,  le t te r  B ) .  [R] 

p i c tu re  o f  mask  co l lec ted  a f te r  manufac tu re

42 
 

[M]



03.1 F ie ld  research1 .0

technical documetation

I  repor t  here  some ind ica t ions  on  the  techn ica l  
documenta t ion  to  be  prov ided  fo r  persona l  
p ro tec t i ve  equ ipment ,  as  po in ted  out  in  fina l  
Chapters  o f  the  EU gu ide l ines .
 
In  fac t ,  the  techn ica l  documenta t ion  must  
spec i f y  the  means  used  by  the  manufac tu rer  to  
ensure  compl iance  o f  the  persona l  p ro tec t i ve  
equ ipment  w i th  the  app l i cab le  essent ia l  hea l th  
and  sa fe ty  requ i rements  re fe r red  to  in  A r t i c le  5  

o f  the  EU Regu la t ion .  [R] 

I ’ l l  conc lude  by  po in t ing  out  tha t  the  techn ica l  
documenta t ion  must  inc lude  a t  leas t  the  
fo l lowing  e lements :

fu l l  descr ip t ion  o f  the  PPE  and  i t s  in tended use

an  assessment  o f  the  r i sks  f rom wh ich  the  PPE  i s  in tended to  p ro tec t

l i s t  o f  the  essent ia l  hea l th  and  sa fe ty  requ i rements  app l i cab le  to  the  PPE

des ign  and  manufac tu r ing  drawings  and  schemes  o f  the  PPE  and  i t s  components  and  c i rcu i t s

 the  descr ip t ions  and  exp lanat ions  necessary  fo r  unders tand ing  the  drawings  and  schemes

 the  resu l t s  o f  the  des ign  ca lcu la t ions ,  inspect ions  and  examinat ions  car r ied  out  to  ver i f y  the  
compl iance  o f  the  PPE  w i th  the  app l i cab le  essent ia l  hea l th  and  sa fe ty  requ i rements

repor ts  on  the  tes ts  car r ied  out  to  ver i f y  the  conformi ty  o f  the  PPE  w i th  the  app l i cab le  essent ia l  
hea l th  and  sa fe ty  requ i rements  and  to  es tab l i sh  the  re levant  c lass  o f  p ro tec t ion

 a  descr ip t ion  o f  the  means  used  by  the  manufac tu rer  dur ing  the  product ion  o f  the  PPE  to  
ensure  compl iance  o f  the  manufac tu red  PPE  w i th  the  des ign  spec ifica t ions

 a  copy  o f  the  manufac tu rer 's  ins t ruc t ions  and  in fo rmat ion

a )
 
b )

c )

d )

e )

f )

g )

 
h )

 
i )
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regulations and certificiations in our territory
1.5  Italian case

As  we h igh l igh ted  t i l l  here  the  cho ice  o f  the  
cor rec t  PPE  shou ld  be  dr i ven  th rough  techn ica l  
charac ter i s t i cs  and  conformi ty  assessment .
In  th i s  regard  PPE  must  possess  a  ser ies  o f  
spec ia l  requ i rements  tha t  a l low the  employer  
to  make a  cor rec t  cho ice .  
In  th i s  chapter  i ’m  go ing  to  deepen the  cer t ifi -
ca t ion  procedures ,  the  charac ter i s t i cs  fo r  su i ta -
b i l i t y  fo r  use  and  the  func t iona l  requ i rements  o f  
the  products  and  mater ia l s  p roduced and  
cer t ified  in  I ta l y.  
The  i ssues  o f  cho ice ,  adequacy,  management  
and  superv i s ion  o f  persona l  p ro tec t i ve  equ ip -
ment  a re  c ross -cu t t ing  i ssues  o f  g rea t  impor -
tance  fo r  the  prevent ion  o f  hea l th  and  sa fe ty  
p rob lems in  the  workp lace.
 On  these  top ics  var ious  repor ts  were  he ld  a t  
the  73rd Nat ional  Congress SIMLI I  ( I ta l ian  
Soc ie ty  o f  Occupat iona l  Med ic ine  and  Indus t r ia l  
Hyg iene )  en t i t led  "Occupat ional  Medic ine as 
an improvement e lement for  the protect ion 
and safety of  the Worker and of  the Company's  
act iv i t ies"  (Rome,  December  2010 ) .
The  repor ts  were  pub l i shed  in  the  fi rs t  supp le -
ment  o f  the  I ta l ian Journal  of  Occupat ional  
Medic ine and Ergonomics  and  co l lec ted  
together  in  the  sec t ion  ded ica ted  to  "Personal  
protect ive equipment :  select ion and manage-
ment  cr i ter ia" .
 I n  par t i cu la r  i ’m  go ing  to  focus  on  the  repor t  
"Technical  character is t ics and conformi ty  
assessment of  PPE"  ed i ted  by  (Ga l imber t i ,  
Cer.Co.sas )  wh ich  emphas izes  PPE  to  meet  
cur ren t  leg is la t ion  and ,  more  impor tan t l y,  fo r  
the  purposes  o f  the i r  e�ect i ve  p ro tec t i ve  
e�cacy  a t  the  t ime o f  the i r  use ,  " they must  
possess a ser ies of  par t icu lar  requi rements 
such as to a l low the final  user  (Employer )  to 
make a correct  choice".  [S]

 

p i c tu re  showing  mask  inner  inspect ion
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I t  i s  then  ind ica ted  tha t  the  su i tab i l i t y  fo r  the  
pro tec t ion  o f  the  user  f rom the  r i sks  fo r  wh ich  
the  PPE  was  des igned i s  c lose ly  l i nked  to  the  
techn ica l  charac ter i s t i cs  tha t  i t  mus t  necessa-
r i l y  possess  to  be  cons idered  as  such .  
Charac ter i s t i cs  tha t  the manufacturer ,  i n  the  
des ign  phase,  must  ident i f y  and  ass ign  to  the  
dev ice  on  the  bas is  o f  the  ru les  es tab l i shed  by  
Legis lat ive Decree 475/92  ( t ranspos i t ion  o f  the  
European Direct ive 89/686 /  EEC  known as  the  
d i rec t i ve  re la t ing  to  'CE  mark ing ' ) .
And  i t  i s  th rough  these  charac ter i s t i cs  tha t  the  
manufac tu rer  i s  ab le  to  "demonst ra te  posses-
s ion  o f  the  now famous  'essent ia l  hea l th  and  
sa fe ty  requ i rements '  re fe r red  to  in  the  CE  
cer t ifica t ion  procedures".  

In  fac t ,  the  Persona l  P ro tec t i ve  Equ ipment ,  as  
defined in  Art .  74  o f  the  Legis lat ive Decree
81/2008 ,  mus t  "necessar i l y  possess  spec ific  
charac ter i s t i cs  necessary  to  demonst ra te  the i r  
su i tab i l i t y  fo r  the  use  fo r  wh ich  they  w i l l  be  
in tended".  And  su i tab i l i t y  "must  be  determined 
th rough  a  complex  and  care fu l  eva lua t ion  
process  o f  the  dev ices  ident ified  dur ing  the  r i sk  
assessment  phase.  Th is  p rocess  has  the  purpo-
se  o f  h igh l igh t ing  the  charac ter i s t i cs  deemed 
necessary  fo r  the  max imum ach ievab le  
p ro tec t ion  o f  the  worker  and  compar ing  them 
wi th  those  tha t  the  market  makes  ava i lab le  ".

However,  i f  these  essent ia l  requ i rements  a re  
the  exc lus ive  p rerogat i ve  o f  the  manufac tu rer,  
A r t .  76  o f  Leg is la t i ve  Decree  81 /2008 a lso  
a t t r ibu tes  to  the  employer,  " fo r  the  purposes  o f  
de termin ing  su i tab i l i t y,  the  task  o f  ver i f y ing  
o ther  aspects  tha t  a re  not  a lways  easy  to  

sa t i s fy ".  [T]

I n  par t i cu la r,  accord ing  to  paragraph  2  o f  
a r t i c le  76 ,  PPE  must :

-  be  adequate  fo r  the  r i sks  to  be  prevented ,  
w i thout  en ta i l i ng  a  g rea ter  r i sk  per  se ;

-  be  adapted  to  the  cond i t ions  ex is t ing  in  the  
workp lace ;

-  take  in to  account  the  ergonomic  o r  hea l th  
needs  o f  the  worker ;

-  can  be  adapted  to  the  user  accord ing  to  h i s  
needs .

Whi le  paragraph  3  i s  ded ica ted  to  the  ver ifica-
t ion  o f  the  compat ib i l i t y  be tween the  d i�erent  
PPE  in  the  event  tha t  they  must  be  used  a t  the  
same t ime.
 
U l t imate ly,  in  add i t ion  to  es tab l i sh ing  tha t  the  
charac ter i s t i cs  and  requ i rements  o f  the  PPE  
tha t  a re  be ing  eva lua ted  fu l l y  meet  the  spec ific  
leg is la t i ve  requ i rements  and  tha t  the  requ i re -
ments  ind ica ted  in  Ar t .  76  o f  Leg is la t i ve  Decree  
81 /2008,  "you wi l l  have to worry about  
ver i fy ing other  requi rements"  wh ich  the  spea-
ker  summar izes  in  funct ional  requi rements ,  
requ i rements  o f  the  art i facts  and  requ i rements  
o f  the  mater ia ls .

manufacturer and employer duties
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The  charac ter i s t i cs  o f  the  dev ice  must  be  such  as  to :

-  be  ab le  to  neut ra l i ze  the  spec ific  r i sk ,  i .e .  the  PPE  
must  be  des igned in  such  a  way  as  to  be  ab le  to  cance l  
o r  a t  leas t  reduce  as  much  as  poss ib le  the  probab i l i t y  
o f  in ju ry  fo r  the  pro tec ted  par t ;

-  no t  to  l im i t  the  opera t iona l  func t ions  ( i t  mus t  be  
des igned in  such  a  way  tha t ,  wh i le  ma in ta in ing  the  
pro tec t i ve  charac ter i s t i cs  una l te red ,  the  work ing  
capac i t ies  a re  l im i ted  as  l i t t le  as  poss ib le ) ;

-  be  we l l  to le ra ted  and  accepted  by  the  worker  and  
cons t ruc ted  in  such  a  way  tha t  in  no  case  can  i t  be  a  
source  o f  d i scomfor t ;

-  be  res i s tan t  and  long- las t ing ;

-  be  economica l  (as  fa r  as  poss ib le )

functional requirements

p ic tu re  showing  how to  wear  mask  on  ears p ic tu re  showing  mask  sewing  process
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In  add i t ion  to  the  func t iona l  requ i rements ,  the  
PPE  must  meet  the  fo l lowing  requ i rements :

-  spec ific  su i tab i l i t y  fo r  the  use  fo r  wh ich  they  
a re  in tended by  eva lua t ing  the  e�ect i ve  
p ro tec t i ve  capac i ty  aga ins t  the  r i sks  to  be  
prevented  (e�ect i veness  c r i te r ia ) ;

-  adaptab i l i t y  to  the  person ,  good endurance  
and  comfor t ,  i n  o rder  to  a l low i t s  use  w i thout  
excess ive  d iscomfor t  in  re la t ion  to  the  methods  
and  t ime o f  use  (e rgonomic  c r i te r ia ) ;

-  adequate  so l id i t y  and  res i s tance  to  spec ific  
agents ,  mechan ica l  s t resses ,  cor ros ive  agents . .

-  s imp l i c i t y  o f  packag ing  and ,  more  genera l l y,  
ease  o f  be ing  ab le  to  car ry  ou t  the  requ i red  
c lean ing  opera t ions ,  ma in tenance  and  any  
d is in fec t ion  or  remedia t ion  (hyg ien ic  and  
func t iona l  c r i te r ia ) ;

-  absence  o f  e lements  o r  par ts  tha t  may  cons t i -
tu te  a  danger  to  the  opera tor ;

-  ease  o f  use  (eg  ease  o f  wear ing  and  qu ickness  
in  remov ing  i t  i n  case  o f  need ) ;

-  i f  necessary,  appropr ia te  co lo rs  fo r  cor rec t  
ident ifica t ion  or  to  h igh l igh t ,  fo r  example ,  the  
presence  on  the  dev ice  o f  dangerous  subs tan-
ces ;

-  aes thet i ca l l y  p leas ing  shape and  appropr ia te  
co lo rs  a l so  fo r  reasons  o f  good v i s ib i l i t y  ( fo r  
example  c lo th ing  fo r  emergency  team opera tors  
o r  fo r  workers  work ing  a t  n igh t )  o r  to  obta in  the  
max imum cont ras t  w i th  respect  to  harmfu l  
subs tances  f rom wh ich  one  must  p ro tec t  
onese l f  ( c r i te r ia  o f  bes t  acceptab i l i t y  and  
func t iona l i t y ) .

artifact requirements

The repor t  emphas izes  tha t  the  mater ia l s  
chosen  fo r  the  cons t ruc t ion  o f  the  PPE  p lay  a  
dec is i ve  ro le  in  the  e�c iency  o f  the  dev ice  
i t se l f.
And  i f  the  ma in tenance  o f  the  pro tec t ion  
charac ter i s t i cs  can  be  negat i ve ly  influenced by  
the  par t i cu la r  env i ronmenta l  cond i t ions  in  
wh ich  the  dev ice  i s  ca l led  to  opera te ,  i t  i s  
p rec ise ly  in  re la t ion  to  the  type  o f  r i sk  re la ted  
to  the  env i ronmenta l  cond i t ions  in  wh ich  i t  
opera tes ,  tha t  i t  i s  necessary  to  p roceed wi th  
the  cho ice  o f  su i tab le  mater ia l .
W i thout  fo rget t ing  tha t  the  mater ia l s  tha t  come 
in to  d i rec t  contac t  w i th  the  ep idermis  must  
have  compat ib i l i t y  w i th  i t  and  must  be  mechan i -
ca l l y  res i s tan t  to  a l l  ma in tenance  and  s te r i l i za -

t ion  opera t ions ,  i f  necessary.  [T]

The  fina l  par t  o f  the  repor t  -  to  wh ich  I  d i rec t  
anyone in te res ted  fo r  a  more  exhaus t i ve  
read ing  -  reminds  us  tha t  as  an  a id  to  manu-
fac tu rers  and  to  fac i l i ta te  CE  type  cer t ifica t ion  
procedures ,  the  D.E.  89/686 /  EEC  (o r  Decree  
475/92 )  p rov ides  fo r  the  poss ib i l i t y  o f  hav ing  
techn ica l  s tandards  to  ident i f y  and  meet  the  
essent ia l  hea l th  and  sa fe ty  requ i rements  requ i -
red  by  the  same d i rec t i ve .
A f te r  an  excursus  on  the  genes is  o f  European  
techn ica l  s tandards ,  a l so  in  re la t ion  to  the  
defin i t ion  and  use  o f  harmon ized  s tandards ,  the  
repor t  ends  w i th  a  descr ip t ion  o f  the  cer t ifica-
t ion  procedures  accord ing  to  the  ca tegory  to  
wh ich  the  PPE  be longs :  fi rs t ,  second or  th i rd .
 

material requirements

conclusions
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2.0 Face mask
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p ic tu re  showing  we lder  worker  dur ing  ac t i v i t y

the ultimate DPI - definition and categories 
2.0  Face Mask
 

As  we have  a l ready  seen  many  d i�erent  t ypes  o f  
mask  can  be  found on  the  market ,  each  
deve loped fo r  a  spec ific  use  or  task .
Requ i rements ,  ap l l i ca t ions  and  behav iour  can  
be  rea l l y  d i�erent  f rom mask  to  mask ,  hard ly  
influenced by  the  workp lace  where  the  worker  
opera tes  and  contaminants  tha t  mus t  be  faced .

For  the  scope o f  my  thes is  i  ana lyzed  in  depth  5  
ma in  ca tegor ies  o f  sa fe ty  mask  d i�used and  
used  as  PPE  in  the  B2B indus t ry,  w i th  par t i cu la r  
focus  on  the  concept  o f  “ fu l l  face 
negat ive-pressure mask” ,  top ic  o f  my  thes is .

In  th i s  chapter  genera l  in t roduc t ion  and  
d iscuss ion  on  indus t r ia l  p ro tec t i ve  mask  
ca tegor ies  and  equ ipment  w i l l  be  covered ,  
look ing  a t  the  fo l lowing  top ics :

-  fi t  tes t  and  how to  choose  a  mask
-  fi l te r  un i t s  and  typo log ies
-  mask  ca tegor ies
-  work ing  pr inc ip le  
-  t ypes  and  spec ifica t ions
-  use  and  ma in tenance
-  work ing  prac t i ce
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categories

half-face fabric mask negative pressure mask full-face mask

usua l l y  s imp l ie r  and  cheaper  
masks ,  made to  be  d isposed 
a f te r  use  in  some cases .  
These  masks  a re  en t i re ly  
made o f  fi l te r ing  mater ia l  ( a l l  
over  sur face )

PAPR mask

(Powered  A i r  Pur ified  Sys tem)
i s  a  sys tem where  pos i t i ve  
p ressure  i s  ma in tened in  the  
mask  to  he lp  vent i la t ion  and  
breath ing  dur ing  use

PAPR hood

the  same sys tem can  be  used  
fo r  p ro tec t ion  hoods .  In  th i s  
case  pressure  a re  less  
cons is ten t  and  no  t igh t  sea l  
i s  ach ieved  fo r  the  DP I

a  rubbery  mask  body  ho lds  in  
p lace  fi l te r ing  un i t s  where  a i r  
i s  fo rced  to  flow.  F i l te rs  can  
be  subs t i tu ted  over  t ime and  
the  mask  can  be  res tored  by  
wash ing  a f te r  use

s imi la r  to  the  ha l f - face  mask  
th i s  ca tegory  shares  i t s  
f reedom to  change fi l te rs .  
The  ma in  advantage  i s  in  the  
combined sa fe ty  o�ered  by  
the  in tegra t ion  o f  the  v i sor
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nebu l i z ie r  fi l led  w i th  te ts ing  so lu t ion

qualitative test 
2.1  Fit Test procedure
 

F i t  Tes t  i s  g loba l l y  recogn ised  as  the  se lec t ion  
procedure  fo r  p ro fess iona l  and  opera t i ve  
resp i ra to ry  masks .   The  tes t  has  to  be  
per fo rmed by  every  employee/opera tor  w ich  
fa l l s  in to  the  ob l iga t ion  o f  wear ing  a  resp i ra to ry  
face-mask  when work ing .  The  tes t  i s  borned by  
the  employer  and  a ims  to  spot  the  r igh t  
ca tegory  and  s i ze  o f  PPE  fo r  each  ind iv idua l ,  as  
a  resu l t  every  opera tor  i s  pa i red  w i th  a  g iven  
(and  cor rec t )  PPE  tha t  i s  go ing  to  be  prov ided  
every  day  fo r  the  who le  dura t ion  o f  the  job.
F i t  tes t ing  the  PPE  i s  a  mandatory  p rocedure  in  
I ta l y  fo r  a l l  those  prac t i ces  they  fo resee  to  
requ i re  resp i ra to ry  masks .  
For  ha l f - face  mask  a  qua l i ta t i ve  tes t  i s  su�c ient  
to  ind iv iduate   the  r igh t  cand ida te .  In  case  o f  
fu l l - face  masks  and  PAPRs  a  quant i ta t i ve  tes t  i s  

per fo rmed.  [A]

why a qualitative test

Over  the  years  an  inc reas ing  a t ten t ion  to  hea l th  
in  the  workp laces  has  deve loped.  The  wrong 
use  and  the  lack ing  se lec t ion  o f  resp i ra to ry  
p ro tec t ion  products  a re  s t i l l  w idespread  
prob lems.  The  qua l i ta t i ve  fi t  tes t  i s  a  s imp le  and  
e�ect i ve  method to  eva lua te  i f  a  p ro tec t ion  
product  fi ts  the  user ’s  face  and  i f  i t s  use  i s  
cor rec t .

wich device have to be tested

The qua l i ta t i ve  fi t  tes t  i s  su i tab le  fo r  the  
eva lua t ion  o f  d i sposab le  cup  shaped fi l te r ing  
face-p ieces  tha t  be long  to  FFP1 ,  FFP2 and  FFP3  
c lasses  and  o f  negat i ve  p ressure  ha l f  masks .  
Th is  tes t  i s  no t  su i tab le  fo r  the  eva lua t ion  o f  
fu l l - face  masks  or  pos i t i ve  p ressure  products .
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1 Sensivity Solution
(for taste threshold screening)

A

1 Fit Test solution
(for qualitative fit test)

B

2 Nebulizers Hood with visor

The solutions of the kit produces sodium saccharin USP aerosol, completely harmless for the user’s health. 
There are two different types:
• Solution A_ low-concentration solution:
To use during test in order to verify that the user is able to perceive the substance.
• Solution B_ high-concentration solution:
To use during the fit test in order to verify that the protection device works correctly.

regulatory framework

Qual i ta t i ve  fi t  tes t  have  to  be  executed  
fo l lowing  the  re fe rences  o f  Hea l th  and  Sa fe  
Execut i ve  (HSE )  and  Occupat iona l  Sa fe ty  &  
Hea l th  Admin is t ra t ion  (OSHA)  who re leased  
spec ific  p rocedures  fo r  the  execut ion  o f  the  
Tes t  ( respect i ve ly  norm HSE OC 282/28  and  
norm 1910.134  App A ) .

kit’s content

Qual i ta t i ve  fi t  tes t  have  to  be  executed  
fo l lowing  the  re fe rences  o f  Hea l th  and  Sa fe  
Execut i ve  (HSE )  and  Occupat iona l  Sa fe ty  &  
Hea l th  Admin is t ra t ion  (OSHA)  who re leased  
spec ific  p rocedures  fo r  the  execut ion  o f  the  
Tes t  ( respect i ve ly  norm HSE OC 282/28  and  
norm 1910.134  App A ) .

general description

The tes t  inc ludes  two phases :

PHASE 1 :  tas te  th resho ld  sc reen ing

PHASE 2 :  fi t  tes t
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The  a im o f  the  tas te  th resho ld  sc reen ing  i s  to  
determine  i f  the  person  exposed to  the  fi t  tes t  
i s  ab le  to  detec t  the  tas te  o f  sacchar in .  In  the  
case  in  wh ich  the  tes te r  i s  no t  ab le  to  perce ive  
the  subs tance,  the  obta ined  resu l t s  cannot  be  
cons idered  re l iab le .
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A

The user  wears  the  hood wi th  v i sor.  Thanks  to  
the  hood,  wh ich  de l im i t s  a  spec ific  vo lume o f  a i r  
a round the  user ’s  head ,  the  a i r  aeroso l  concen-
t ra t ion  can  be  cont ro l led .

1 .

The  labora tory  techn ic ian  inser ts  the  nebu l i zer  
in  the  appropr ia te  ho le  on  the  v i sor  and  he  
beg ins  to  vapor i ze  the  A- type  aeroso l  ins ide  the  
hood rea l i z ing  10  nozz les .

2 .

The  user  has  to  b rea the  th rough  h is  s l igh t l y  
open  mouth  w i th  ex tended tongue and  has  to  
communica te  to  the  techn ic ian  whether  he  
perce ives  the  tas te  o f  sacchar in  o r  no t .  I f  the  
user  perce ives  the  tas te  o f  sacchar in  w i th in  10  
nozz les ,  the  tas te  th resho ld  sc reen ing  can  be  
cons idered  conc luded and  10  w i l l  be  the  
Thresho ld  l im i t  va lue  o f  the  user.

3 .

In  the  case  in  wh ich  the  user  hadn’ t  perce ived  
i t ,  the  techn ic ian  w i l l  have  to  do  o ther  10  
nozz les .  I f  the  user  perce ives  the  sweet  tas te  o f  
sacchar in  between 21  and  30  nozz les  the  tas te  
th resho ld  sc reen ing  can  be  cons idered  conc lu -
ded and  30  wi l l  be  the  spec ific  th resho ld  l im i t  
va lue  o f  tha t  user.

4 .

The  user  wears  the  hood wi th  v i sor.  Thanks  to  
the  hood,  wh ich  de l im i t s  a  spec ific  vo lume o f  a i r  
a round the  user ’s  head ,  the  a i r  aeroso l  concen-
t ra t ion  can  be  cont ro l led .

5 .

I f  the  user  does  not  perce ive  the  nebu l i sed  
subs tance  a f te r  30  nozz les  he  w i l l  be  cons ide-
red  a  non-su i tab le  sub jec t  fo r  th i s  t ype  o f  tes t .

6 .

threshold screening
Phase 1
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The  fi t  tes t  has  to  be  car r ied  out  on ly  i f  the  user  
wears  the  pro tec t ion  dev ice  cor rec t l y  ( fo l lowing  
the  manufac tu rer  ins t ruc t ions ) .  Dur ing  the  tes t ,  
the  user  w i l l  be  asked to  car ry  ou t  some exerc i -
ses  tha t  s imu la te  common movements  dur ing  
the  use  o f  the  resp i ra to ry  p ro tec t ion  dev ice .

55
 

The user  pu ts  on  h i s  head  the  hood wi th  v i sor  
a f te r  wear ing  the  pro tec t ion  dev ice  wh ich  i s  to  
be  tes ted .

1 .

The  techn ic ian  who car r ies  ou t  the  tes t  inser ts  
the  nebu l i zer  in  the  appropr ia te  ho le  on  the  
v i sor  and  he  beg ins  to  vapor i ze  the  B- type  
aeroso l  ins ide  the  hood,  mak ing  the  same 
number  o f  nozz les  as  the  th resho ld  l im i t  va lue  
obta ined  w i th  the  tas te  th resho ld  sc reen ing  .  
A f te r  the  fi rs t  ser ies  o f  nozz les ,  every  30  
seconds ,  he  w i l l  ca r ry  ou t  ha l f  nozz les  than  the  
th resho ld  l im i t  va lue  es tab l i shed .

2 .

1 .  B rea the  normal l y
2 .  B rea the  deep ly
3 .  Turn  the  head on  the  r igh t  and  on  the  le f t
4 .  F lex  the  head up  and  down
5.  Speak  a loud
6.  F lex  the  ches t  ahead
7.  B reathe  normal l y

The  user  beg ins  w i th  the  execut ion  o f  the  seven  
expected  exerc i ses ,  o f  the  dura t ion  o f  1  m inute  
each :

3 .

I f  dur ing  any  o f  these  exerc i ses  the  user  perce i -
ves  the  B  so lu t ion  in  sp i te  o f  the  pro tec t ion  
dev ice  the  tes t  has  to  be  cons idered  conc luded 
wi th  a  negat i ve  outcome.  Th is  means  tha t  the  
dev ice  hasn ’ t  been  worn  cor rec t l y  o r  i t  doesn ’ t  
fi t  the  d imens ions  or  the  shape o f  the  user ’s  
face .

4 .

I f  the  user  doesn ’ t  perce ive  the  nebu l i zed  
subs tance,  the  tes t  can  be  cons idered  conc lu -
ded wi th  a  pos i t i ve  ou tcome.  Th is  means  tha t  
the  dev ice  guarantees  the  cor rec t  resp i ra to ry  
p ro tec t ion .

5 .

B

fit test
Phase 2
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fi t - tes t  opera t ion  dur ing  per fo rmance
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[C]

quantitative test 
2.3  Fit Test procedure
 

why a quantitative test

Over  the  years  an  inc reas ing  a t ten t ion  to  hea l th  
in  the  workp laces  has  deve loped.  The  wrong 
use  and  the  lack ing  se lec t ion  o f  resp i ra to ry  
p ro tec t ion  products  a re  s t i l l  w idespread  
prob lems.  The  quant i ta t i ve  fi t  tes t  i s  used  to  
eva lua te  i f  a  p ro tec t ion  product  fi ts  the  user ’s  
face  and  i f  i t s  use  i s  cor rec t .

wich device have to be tested

The quant i ta t i ve  fi t  tes t  i s  su i tab le  fo r  the  
eva lua t ion  o f  d i sposab le  cup  shaped fi l te r ing  
face  p ieces  tha t  be long  to  FFP1 ,  FFP2 and  FFP3  
c lasses ,  o f  ha l f  masks  and  fu l l  face  masks  even  
re la ted  to  pos i t i ve  p ressure  dev ices .

As  p rev ious ly  s ta ted  F i t  Tes t  i s  g loba l l y  
recogn ised  as  the  se lec t ion  procedure  fo r  
p ro fess iona l  and  opera t i ve  resp i ra to ry  masks .   
F i t  tes t ing  the  PPE  i s  a  mandatory  p rocedure  in  
I ta l y  fo r  a l l  those  prac t i ces  they  fo resee  to  
requ i re  resp i ra to ry  masks .  
A  quant i ta t i ve  tes t  i s  the  bes t  way  to  ensure  the  
pro tec t i ve  resp i ra to ry  mask  i s  fi t t ing  the  user.  
Quant i ta t i ve  F i t  Tes t  a re  car r ied  out  by  
opera tors  w i th  p ro fess iona l  equ ipment  and  a im 
to  “quant ifica te”  the  grade  o f  fi t t ing  by  
determin ing  a  F i t  Fac tor.
The  quant i ta t i ve  F i t  Tes t  can  be  app l ied  to  a l l  
ca tegor ies  o f  resp i ra to ry  face-p ieces ,  each  
requ i r ing  a  d i�erent  g rade  o f  F i t  Fac tor.
Once  the  cor rec t  PPE  i s  es tab l i shed  fo r  each  
worker,  i t  i s  go ing  to  be  prov ided  dur ing  the  

task  execut ion .  [A]
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regulatory framework

Quant i ta t i ve  fi t  tes t  has  been  made fo l lowing  
the  re fe rences  o f  Hea l th  and  Sa fe  Execut i ve  
(HSE )  and  Occupat iona l  Sa fe ty  &  Hea l th  Admin i -
s t ra t ion  (OSHA)  who have  re leased  spec ific  
p rocedures  fo r  the  execut ion  o f  the  Tes t  
( respect i ve ly  norm HSE OC 282/28  and  norm 
1910.134  App A ) .

general description

The tes t  i s  ca r r ied  out  w i th  Por taCount  P ro+  
8038 o f  TS I ,  an  equ ipment  tha t  works  us ing  the  
mic roscop ic  so l id  par t i c les ,  norma l l y  sca t te red  
in  the  env i ronment .  The  equ ipment  measures  
the  par t i cu la te  concent ra t ion  in  the  tes t -env i -
ronment  and  i t  compares  i t  w i th  the  concent ra -
t ion  conta ined  ins ide  the  dev ice  worn  by  the  
use.

kit’s content

•  1  Adaptor *  ( spec ific  fo r  the  ha l f  masks  and  fu l l  face  masks  d i�erent  t ypes  o f  connect ion )
•  2  Dus t  fi l te rs  (P3 )

x1 Adaptor x2 Dust Filter
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enviromental analysis
Phase 2
 

Every  t ime the  dev ice  i s  tu rned  on  fo r  a  new 
tes t ing  sess ion ,  i t  ca r r ies  ou t  an  env i ronmenta l  
ana lys i s  in  o rder  to  ver i f y  tha t  the  quant i t y  o f  
the  so l id  par t i c les  tha t  a re  in  the  env i ronment  i s  
su�c ient .  The  env i ronmenta l  concent ra t ion  i s  
measured  to  have  a  re fe rence  sample  in  o rder  
to  compare  the  va lues  tha t  w i l l  be  measured  
ins ide  the  pro tec t ion  dev ice  dur ing  the  fi t  tes t .  
In  fac t ,  the  equ ipment  i s  p rov ided  w i th  two 
ana lys i s  in le ts :  the  fi rs t  one  tha t  d raws  d i rec t l y  
f rom the  env i ronment  and  the  second one  tha t  
ana lyses  the  a i r  ins ide  the  pro tec t ion  dev ice  
worn  by  the  user.  The  connector  in  the  k i t  i s  
necessary  exac t l y  to  inser t  the  flex ib le  tube  in  
the  mask ,  avo id ing  tha t  losses  a round the  inser -
t ion  po in t  ( see  image) .

TYPE of PRODUCT MINIMUM FACTOR

FFP1    100
FFP2    100
FFP3    100
Half mask    100
Full face mask    2000

Depend ing  on  the  type  o f  p roduct  tha t  has  been  
worn ,  the  min imum fi t  va lue  has  to  be  the  
fo l lowing :
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1 .  B rea the  normal l y
2 .  B rea the  deep ly
3 .  Turn  the  head on  the  r igh t  and  on  the  le f t
4 .  F lex  the  head up  and  down
5.  Speak  a loud
6.  F lex  the  ches t  ahead
7.  B reathe  normal l y

The  expected  exerc i ses  a re  seven ,  o f  the  
dura t ion  o f  1  m inute  each :

2 .

The  fi t  tes t  has  to  be  car r ied  out  on ly  i f  the  user  
wears  the  pro tec t ion  dev ice  cor rec t l y  ( fo l lowing  
the  manufac tu rer  ins t ruc t ions ) .  Dur ing  the  tes t  
the  user  w i l l  be  asked to  car ry  ou t  some exerc i -
ses  tha t  s imu la te  common movements  dur ing  
the  use  o f  the  resp i ra to ry  p ro tec t ion  dev ice .  

1 .

For  each  o f  the  seven  exerc i ses  the  equ ipment  
shows a  fi t  va lue  ( ca lcu la ted  compar ing  the  
env i ronmenta l  concent ra t ion  and  the  concen-
t ra t ion  ins ide  the  mask )  wh ich  descr ibes  how 
much  a  dev ice  fi ts  together  w i th  the  user ’s  face ,  
i so la t ing  h im f rom the  ex terna l  env i ronment .  I f  
i t  tu rns  ou t  tha t  the  g iven  va lue  i s  lower  than  
the  l im i t  spec ified  by  the  regu la tory  re fe rences ,  
the  tes t  has  to  be  cons idered  conc luded wi th  a  
negat i ve  outcome.  Th is  means  tha t  the  dev ice  
has  not  been  worn  cor rec t l y  o r  i t  does  not  fi t  
the  user ’s  face .

3 .
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As  we a l ready  ment ioned,  the  deve lopment  o f  
masks  and  techno log ies  fo r  the  pro tec t ion  o f  
opera tors  in  the  workp lace,  d raws  i t s  o r ig ins  
f rom the  innovat ion  pushed dur ing  the  wor ld  
wars .
I t  i s  p rec ise ly  dur ing  these  years  tha t  man finds  
h imse l f  fac ing  dangers  re la ted  to  the  resp i ra -
to ry  t rac t  fo r  the  fi rs t  t ime,  in  par t i cu la r  fo r  the  
use  o f  chemica l  weapons  and  consequent  expo-
sure  to  harmfu l  gases  and  dus t .

One o f  the  fi rs t  invent ions  in  th i s  regard  was  the  
"Sa fe ty  and  smoke pro tec t ion  hood"  invented  
by  Gar re t t  Morgan  in  1912  and  patented  in  1914 .  
I t  was  a  very  s imp le  dev ice  to  be  worn .  Cons i -
s t ing  o f  a  co t ton  hood wi th  two tubes  hang ing  

each  subs tance  has  i t s  own TLV  threshold l imi t  
value ( l im i t  va lue )  wh ich  ind ica tes  the  concen-
t ra t ion  be low wh ich  i t  i s  be l ieved  tha t  workers  
can  be  repeated ly  exposed,  day  a f te r  day,  to  a  

subs tance  w i thout  su�er ing  negat i ve  e�ects .  [B]

How to determine wich protection grade?

at the core of personal protection
2.3  Filter units
 

ant i -dus t  fi l te r
we ight  100g

ant i -dus t  p refi l te r
we ight  20g

ant i -gas  fi l te r
we ight  150g

combined fi l te r
we ight  200g
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contaminants categories

61

smoke - fumes vapors gases

so l id  suspens ion  in  gas  
phase  (we ld ing  fumes )

powder - particles

anti-dust protection

combined protection anti-gas protection

so l id  par t i c les  in  an  a i r  
med ium (p igments -pa in ts )

fog - mists

l i qu id  par t i c les  d i spersed  in  
a i r  med ium

par t i c les  in  a  l iqu id  s ta te  tha t  
become gaseous  as  tempera tures  

and  pressures  vary

par t i c les  in  the  gaseous  
s ta te  a t  ambient  p ressure  

and  tempera ture  
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As  we have  seen ,  contaminants  in  workp lace  

can  be  d i�erent  and  cause  var ious  hazards .  [B]

 
Each  subs tance  has  i t s  own TLV  threshold l imi t  
value ( admi t ted  range )  wh ich  ind ica tes  the  
concent ra t ion  be low wh ich  i t  i s  be l ieved  tha t  
workers  can  be  repeated ly  exposed,  day  a f te r  
day,  to  a  subs tance  w i thout  su�er ing  negat i ve  
e�ects .  The  TLV  spec ific  to  each  subs tance  i s  
pub l i shed  annua l l y  by  the  Amer ican  Assoc ia t ion  
o f  Indus t r ia l  Hyg ien is ts  (ACGIH ) .
Concent ra t ion  (o r  d i�us ion )  o f  the  contaminant  
i s  c ruc ia l  to  determine  how dangerous  i t  can  be  
fo r  the  worker  to  opera te  in  i t s  own workp lace ;
the  necessary  da ta  i s  the  weighted average 
concentrat ion of  the pol lu tant  present  in  the 
envi ronment .
To  know the  exac t  da ta  i t  i s  necessary  to  car ry  
ou t  env i ronmenta l  measurements  ( spec ific  
cer t ifica t ion  agenc ies  a re  in  charge  o f  th i s  
task ) .  The  concent ra t ion  o f  the  dangerous  
subs tance  i s  expressed  in  mg/m  o r  ppm.
The  protect ion factor  can  be  expressed  as  
fo l lows :

How to determine wich protection grade?

3

concent ra t ion  o f  the  po l lu tan t

TLV  ( subs tance  spec ific  th resho ld  va lue )

pro tec t ion  fac tor  requ i red
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anti-dust filter

anti-dust prefilter

anti-gas filter

combined filter
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antidust

+ +
antigas combined antidust antigas combined

protection factor

filter classtypes of filter
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4 12 50 4 12 48 50 4 12 48 5 16 1000 10002000 5 16

FFP1 FFP2 FFP3

half

P1

half

P2

half

P3

half

gas

half

gas-P1

half

gas-P2

half

gas-P3

full

P1

full

P2

full

P3

full

gas

full

gas-P1

full

gas-P2

full

gas-P3

ex. label shown on filters

A
AX
B
E
K

SX
NO-P3
Hg-P3

ant i -dus t  fi l te rs  e�c iency :

CL  P1

CL  P2

CL  P3

ant i -gas  fi l te r  dura t ion :

1  CL

2  CL

3  CL

organ ic  gases  and  vapors  w i th  bo i l ing  po in ts  >  65  °  C

pro tec t ion  fac tor  shou ld  be  equa l  o r  m inor  to :

o rgan ic  gases  and  vapors  w i th  bo i l ing  po in ts  ≤  65  °  C

inorgan ic  gases  and  vapors  (CO exc luded )

ac id  gases  and  vapors  (ex .  su l fu r  d iox ide ,  hydroch lor i c  ac id )  

ammonia  and  organ ic  der i va t i ves

powders ,  dus ts ,  m is ts  and  fumes

spec ific  cdus tom-dec la red  fi l te rs  (by  manufac tu rer )

n i t rogen  fumes

fumes  o f  mercury

425 ABEK2P3 R MADE IN SPAIN
by  BLS   IBERIA

T
BxxxAAAAMM/AAAA
LOT/BA CH 

TP/TC 019/2011
EN 14387:2004+A1:2008

EN14387:2017

>80%

>94%

>99.95%

≤1000 ppm

≤5000 ppm

≤10.000 ppm

low

medium

high

low

medium

high

fi l te r  t ype  ind ica tor fi l te r  c lass  ind ica tor
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Filter units
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p lea ted  fiberg lass  fi l te rs  
conta in  a  la rger  sur face  
a rea  o f  fi l te r  mater ia l  
and  there fore  have  a  
longer  l i fe

fi l te r ing  sur face  o f  a  
p lea ted  g lass -fiber  fi l te r

p lea ted  g lass -fiber  
sec t ion  deve lopment

fi l te r ing  sur face  o f  a  
non-woven  fi l te r  ( same d ia . )

g lass  fibers  fi l te r ing  
capac i ty  inc reases  w i th  
use  ( c logg ing  improves  
mechan ica l  fi l t ra t ion )

dust filter

glass fiber

dust filter

glass fiber

gas filter

active carbon

dust filtercombined

non woven fabric

gas filter

active carbon
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filter outlet cover

filter mid-cover

coupling method can be:

RD 40 thread (standard)

bayonet mount (proprietor)

vortex or others (proprietor)

strapping clips active carbon non-woven

fabric

pleated glass-fiber
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user  wear ing  par t i c le  fi l t ra t ing  face-p iece

particle protection 
2.4  Face filtering piece (textile)
 

ELAST ICS
NOSE CL IP
VALVE
GASKET
F ILTER ING MATERIAL
PROTECTIVE  LAYER
CARBON LAYER

Welded thermoplas t i c  e las tomer  (TPE )
Re in forced  Po lypropy lene  (PP )  w i th  heat  t rea ted  meta l
Po lypropy lene  (PP ) ;  rubber
Foamed po lymer  coup led  w i th  po lyes ter  tex t i le  (PES )
Po lypropy lene  (PP  -  non-woven  fabr ic )
Po lye thy lene  (PE )
Po lyes ter  (PES )

The  fo l lowing  ca tegory  has  spread  a l l  over  the  
wor ld  and  ga ined  definet l y  much  popu la r i t y  in  
las t  years  o f  Pandemic  due  to  Cov id - 19,  ma in ly  
because  i t  we l l  su i ted  the  func t ion  o f  o�er ing  
pro tec t ion  f rom the  v i rus  (hav ing  s i zes  
comparab le  to  many  common contaminants )  
wh i le  bee ing  employed in  idus t r ia l  fie lds  fo r  
par t i cu la te  and  par t i c les  p ro tec t ion  (P 1 /P2 /P3 ) .
In  th i s  chapter  i ’m  go ing  to  ana lyze  and  deepen 
d i�erences  and  func t ions  o f  severa l  face-masks  

mode ls  on  market .  [C]

main functions

materials

The work ing  pr inc ip le  o f  a  tex t i le  face-p ieces  i s  
very  s imp le :  the  sur face  i s  en t i re ly  made o f  
fi l te r ing  mater ia l  (usua l l y  non-woven  fabr ic  o r  
co t ton )  and ,  when pos i t ioned as  coverage  fo r  
resp i ra to ry  t rac ts ,  i t  per fo rms  ac t i ve  fi l t ra t ion  
by  sh ie ld ing  the  a i r  we  breathe  and  b lock ing  
par t i c les  a t  the  sur face  by  absorb ing   and  
re ta in ing  the  contaminants .
E las t i c  band  a re  su i ted  to  keep the  mask  in  
p lace  and  to  ensure  a  cor rec t  adhes ion  to  
v i sage  and  the  ab i l i t y  o f  the  mask  to  de form ( so  
as  fo r  the  meta l  b r idge )  enab les  user  to  las t  
ad jus tments .
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face  fi l te r ing  p ieces  mask  fea tu res

67
 

[H]

exhale valve

protective layer

filtering area

retention lace

bridge/flange

active carbon layer



03.1 F ie ld  research2 .0

mask  codes  mark ing

ant i -d rop  e�ect  on  net

disposable or reusable

Many  PPE  face-p ieces  or  face-masks  a re  usua l l y  
su i ted  fo r  a  s ing le  task /ac t i v i t y /opera t ing  t ime 
and  a re  meant  to  be  d isposed a f te r  use .  Th is  
func t ion  i s  s t r i c t l y  re la ted  by  work-p lace  requ i -
rements  and  by  the  presence  o f  very  spec ific  
contaminants ;  th i s  reason  o f ten  influences  a  
cho ice  o f  s imp l ie r  manufac tu r ing  processes  or  
cheaper  mater ia l s  in  case  o f  d i sposab le  goods .
The  s ta te  o f  the  mask  has  to  be  coded on  the  
facep ieces  and  can  be  checked by  the  pera tor  
(R /NR reusab le  o r  no t )

shape

Users  faces  and  shapes  can  be  very  d i�erent  
and  the  PPE  a lways  has  to  ensure  the  max imum 
grade  o f  sa fe ty  poss ib le ,  fo r  th i s  reason  mask  
facep ieces  a re  p rov ided  in  d i�erent  s i zes  by  
manufac tu rers  and  have  to  be  fi t - tes ted  by  the  
user  be fore  wear ing  the  PPE  on  work-p lace.
Dur ing  years ,  to  meet  comfor t  requ i rements  and  
anatomica l  d i�erences  new shapes  o f  mask  
were  c rea ted ,  s t ra t ing  by  flka t  deve lopment  
such  as  fo ldab le ,  fla t ,  KN95 and  o thers  p re - fo r -
med such  as  cup-shaped.  Th is  o�ers  a  lo t  o f  
f reedom to  choose  the  bes t  PPE  fo r  the  user

other functions

Somet imes  an  exha le  (non- re tu rn )  va lve  i s  
employed to  min imize  breath ing  res i s tance  o f  
the  user  and  CO2 bu i ldup  ins ide  the  facep iece.
Add i t iona l  layers  such  as  ac t i ve  carbon  ( fo r  
odour  remova l  and  par t ia l  gas  sh ie ld ing )  o r  
ex terna l  p ro tec t i ve  layers  (an t i -d rop  or  
an t i - scar tch )  cabn  be  added to  empower  the  
fi l te r ing  ac t ion  or  fo r  spec ific  app l i ca t ions   
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aur icu la r  bands  wear ing  procedure

nucha l  bands  wear ing  procedure

elastic band

As  a l ready  ment ioned key  func t ion  o f  e las t i c  
band  i s  to  re ta in  the  mask  pushed and  
tens ioned on  user  face ,  avo id ing  the  c rea t ion  o f  
gap  and  ho les  a l l  a round.  For  the i r  func t ion  
bands  a re  o f ten  seen  as  pa in fu l  o r   annoy ing ,  
espec ia l l y  fo r  users  w i th  long  ha i rs ,  beard  or  
accessor ies .  Facep ieces  a re  p rov ided  w i th  2  
a l te rna t i ves :  aur i cu la r  o r  nucha ls .  Nucha l  bands  
a re  genera l l y  known to  be  much  tens iuoned and  
sa fe  dur ing  use  and  fo r  th i s  reason  pre fer red  in  

indus t r ia l  fie lds .  [C]
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Ha l f  face  dus t  masks  and  resp i ra to rs  a re  
manufac tu red  w i th  d i�erent  s ty les  o f  head  
harnesses  whatever  your  p re ference,  and  have  
been  des igned to  be  worn  w i th  o ther  head  PPE  
w i th  p rov id ing  a  g reat  and  flex ib le  fie ld  o f  
v i s ion .
Key  func t ion  o f  the  ha l f - face  mask  i s  to  p ro tec t  
resp i ra to ry  t rac ts  by  p rov id ing  a  t igh tproof  sea l  
a round users  face .  Thanks  to  an  i so la t ing  
(non-permeab le )  mater ia l  fo rc ing  a i r  to  en ter  
f rom spec ified  gates  where  fi l te rs  a re  loca ted .
The  a i r  flow exchange f rom inner  mask  chamber  
and  ex terna l  env i roment  i s  regu la ted  by  a  
ser ies  o f  one-way  va lves ,  loca ted  a t  each  fi l te r  
access  and  used  as  exha le  va lve  in  the  oppos i te  
d i rec t ion  to  p revent  CO2 bu i ld -up ;  fo r  th i s  
reason  negat i ve  p ressure  i s  genera ted  in  inner  
mask  vo lume dur ing  inha la t ion /exha la t ion .
F i l te r  un i t s  can  be  in tegra ted  or  ex terna l l y  
added in  a  ha l f  face-mask ,  thus  depend ing  on  
the  work ing  ac t i v i t y,  purpose  or  persona l  

comfor t .  [D]

The  impor tance  o f  wear ing  the  PPE  cor rec t l y  i s  
even  more  c ruc ia l  in  case  o f  a  ha l f - face  mask ,  
s ince  i t  can  deep ly  influence  sa fe ty  and  hea l th  
o f  the  worker,  espec ia l l y  over  t ime.  For  th i s  
reason  ha l f - face  mask  des ign  progressed  a  lo t  
dur ing  years  and  has  gone th rough  many  
innovat ions .  Bas ic  func t ions  were  imp lemented  
in  cur ren t  masks  to  improve  user  comfor t  and  
sa fe ty  can  be  here  summar ized :

re tent ion  s t raps :  an  e las t i c  ad jus tab le  band 
a l lows  the  user  to  regu la te  tens ion  th rough  z ips  
and  ensures  a  t igh t  and  comfor tab le  fi t  by  
compress ing  the  e las to -deformab le  body  

flex ib le  body :  genera l l y  made o f  TPE  or  S i l i cone  
(depend ing  on  the  use /user  needs )  has  the  
ac t i ve  fuc t ion  o f  de forming  by  adapt ing  to  users  
v i sage.  The  dome presents  an  inner  l ip  and  has  
the  very  impor tan t  func t ion  o f  compensat ing  
gaps  among faces  and  ensur ing  th igh t  sea l  
among the  sur round ing  per imeter.  The  dome i s  
de formed by  the  compress ion  induced by  s t raps  

head c rown:  i s  used  to  compensate  and  equa l l y  
d i s t r ibu te  the  f ron t  we ight ,  ma in ly  caused by  
fi l te r  un i t s .  The  we ight  s t regth  i s  d i s t r ibu ted  on  
the  a rc -c rown,  su i ted  a t  the  same t ime to  re ta in  
and  regu la te  s t raps  tens ion  thanks  to  a  
c lamping  mechan ism

st r ipp ing  c l ips :  qu ick- re lease  c l ips  a l low an  
easy  wear ing  procedure  and  the  so  ca l led  
”drop-o� ”,  enab l ing  the  user  to  take  breathe  by  
keep ing  the  mask  un i t  sa fe  a round the  neck

the ultimate DPI - definition and categories 
2.5  Half-face negative pressure Mask
 

ha l f - face  mask  w i th  in tegra ted  fi l te r  un i t s
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frame - filter mount

stripping clip

inhale valve

elastic body

filter unit

head crown

elastic straps

exhale valve
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part and function scheme  
Components
 

72 
 

filter unit

mask body

front shield

exhale valve 

inhale valve 

an  e las to -flex ib le  component .  The  ma in  body  i s  
used  to  c rea te  a  sea l ing  chamber  a round users  
resp i ra to ry  t rac ts .  The  body  i s  de formed thanks  
to  the  tens ion  prov ided  by  the  laces  and  can  be  
used  as  hous ing  fo r  a t tach ing  o ther  components  
to  the  mask  (mount ing  f rame/ f ron t  sh ie ld )

fi l te r ing  un i t s  a re  re ta in ing  conta -
minants  by  fi l te r ing  the  enter ing  a i r  
when user  inha les .  F i l te rs  a re  
a t tached to  in le t  va lve  and  conta in  
fi l te r ing  mater ia l s  such  as  g lass  
fiber  o r  ac t i ve  carbon  

i s  a  r ig id  p las t i c  par t  a t tached to  to  
the  mount ing  f rame.  I t  ac ts  as  
coverage  fo r  the  exha le  va lve  and  
as  tens ioner  fo r  the  passersby  
tens ion ing  laces

a  one-way  va lve  ac t i ved  dur ing  the  
exha le  opera t ion  by  the  user.  Th is  
va lve  enab les  a i r  to  flow out  and  
prevents  CO2 bu i ldup  in  mask  body  

a  one-way  va lve  ac t i ved  by  the  
user  when breath ing  and  inha l ing .  
Th is  va lve  fo rces  the  a i r  to  flow 
th rough  fi l te r  un i t s  and  fi l te r ing  
mater ia l
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crown tensioner

tensioning harness

strapping clips

mounting frame

filter (bayonet) mount

a  semi  r ig id  p las t i c  c rown i s  used  to  re ta in  
tens ion ing  laces  over  users  head.  The  c rown 
i s  very  impor tan t  s ince  i t  he lps  to  d i s t r ibu te  
and  ba lance  we ight  and  tens ion  over  the  
mask .  Usua l l y  2  to  3  anchor  po in ts  c rown are  
used  to  keep the  ha l f -mask  s tab le  in  p lace  
dur ing  use.  Crown s i ze  can  be  ad jus ted  to  
meet  users  anatomy.

an  e las t i c  lace  i s  used  as  b r idge  f rom mask  
body  to  c rown;  th i s  a l lows  the  user  to  ad jus t  
masks  tens ion /compress ion  aga ins t  face  
and  to  adapt  the  facep iece  to  d i�erent  
s i zes .  Tens ion  i s  regu la ted  thanks  to  a  
th rough  buck le

a  r ig id  f rame i s  used  as  hous ing  fo r  
in le t /ou t le t  va lves  and  fo r  a t tach ing  fi l te rs  
and  f ron t  sh ie ld  as  we l l .  The  mount ing  f rame 
ac ts  as  suppor t  fo r  assembl ing  components  
a round the  ma in  body  and  i s  pos i t ioned 
ins ide  mask-body.  Mount ing  f rame might  
d i�er  o r  be  miss ing  depend ing  on  the  mask  
des ign  and  manufac tu r ing  brand  

c l ips  a re  made to  wear  and  remove ha l f - face  
masks  in  ease  f rom users  neck  dur ing  
long- te rm usage.  Th is  a l lows  a l so  “drop-o� ”  
opera t ion ,  where  the  user  can  take  a  qu ick  
b reathe  w i thout  the  need o f  remov ing  the  
ent i re  equ ipment .  St rapp ing  c l ips  ac t  as  a  
snap-c l ip  and  a  th rough  buck le  a t  same 
t ime,  permi t t ing  easy  lock  and  regu la t ion  by  
the  user  

par ts  a re  a t tached togheter  thanks  to  
d i�erent  mount ing  mechan isms ;  th i s  
coup l ing  mechan isms  can  be  proper ta ry  o r  
shared  between d i�erent  b rands /mode ls  (as  
fo r  the  bayonet  here  shown) .  A  coup l ing  
mechan ism a lso  prov ides  t igh t  sea l ing  
between mask ,  fi l te rs  and  workspace
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part and function scheme  
3.2  Use and maintenance 
 

S L M

size

Users  faces  and  shapes  can  be  very  d i�erent  
and  the  PPE  a lways  has  to  ensure  the  max imum 
grade  o f  sa fe ty  poss ib le ,  fo r  th i s  reason  mask  
facep ieces  a re  p rov ided  in  d i�erent  s i zes  by  
manufac tu rers  and  have  to  be  fi t - tes ted  by  the  
user  be fore  wear ing  the  PPE  on  work-p lace.
Dur ing  years ,  to  meet  comfor t  requ i rements  and  
anatomica l  d i�erences  new shapes  were  
c rea ted ,  usua l l y  p rov ided  in to  3  macro- ranges  
to  fu l l fi l l  market  and  user  needs  (S -L -M) .  These  
d i�erence  can  be  ma in ly  app l ied  to  e las t i c  body  
(key  component ,  respons ib le  o f  de format ion  
and  face  fi t t ing )  wh i le  leav ing  the  res t  o f  the  
sys tem 
Each  mask  manufac tu rer  p rov ides  i t ’s  own 
shape and  d imens ion  shader  to  meet  user  
needs  and  to  ensure  fac ia l  fi t t ing .  In  genera l ,  
key  d imens ions  dr i v ing  d i�erent  s i zes  can  be  
re la ted  to  B izygomat ic  B readth  ( face  w id th )  and  
Menton-Nas ion  Length  ( face  leg th ) .
In  the  case  o f  BLS  oronasa l  bod ies  a re  p rov ided  
in  two d i�erence  s i zes  (S  and  M-L ) .reusability - maintenance

Negat i ve  p ressure  ha l f - face  masks  a re  usua l l y  
cons idered  reusab le  goods  and  can  there fore  
be  res tored  a f te r  a  work ing-cyc le .
F i l te r  un i t s  a re  cons idered  consumable  goods  
in  teh  sys tem and  a re  d isposed when sa tu ra t ion  
i s  reached and  subs t i tu ted  w i th  new ones ,  the  
res t  o f  the  sys tem can  be  d isassembled  to  be  
deep ly  washed and  c leaned in  o rder  to  be  
re -used .
As  we can  see  f rom the  p ic tu re  ( r igh t  page )  the  
product  can  be  subd iv ided  in  d i�erent  g roups  
( sub-assembl ies )  fo r  easy  access  and  ma in te -
nance  o f  ma in  components .  
Mater ia l s  and  sur faces  a re  t rea ted  in  a  way  dus t  
and  d i r t  a re  less  inc l ined  to  accumula te  and  can  
be  eas i l y  removed by  wash ing  w i th  water  o r  

so lvents .  [E]
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[O]

As  we h igh l igh ted  t i l l  here  the  cho ice  o f  the  
cor rec t  PPE  shou ld  be  dr i ven  th rough  techn ica l  
charac ter i s t i cs  and  conformi ty  assessment ,  as  
we l l  as  an  ana lys i s  o f  work ing  env i roment  and  
ambienta l  cond i t ions .  
In  th i s  regard  PPE  must  possess  a  ser ies  o f  
spec ia l  requ i rements  tha t  a l low the  
user /opera tor  to  make a  cor rec t  cho ice  when 
se lec t ing  the  equ ipment .  
In  th i s  chapter  i ’m  go ing  to  deepen the  
se lec t ion  procedures  and  c r i te r ias  beh ind  the  
use  o f  a  sa fe ty  mask  a t  work ,  the  
charac ter i s t i cs  fo r  su i tab i l i t y  dur ing  use  and  
the  func t iona l  requ i rements  o f  the  products  as  
the  mater ia l s  employed to  manufac tu re  
ha l f - face  negat i ve  p ressure  mask .  In  the  
fo l lowing  pages  s ide-aspects  about  
use /ma in tenantece  o f  the  spec ific  mask  

typo logy  w i l l  be  covered  and  deepened.  [D]
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gasket group
(flexible body)

filter holder group front shield

strapping-system tensioning laces
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wearing and use procedure 

76 
 

s tandard  connect ions  a l low 
ha l f  and  fu l l - face  masks  to  be  

adapted  a t  d i�erent  fi l te r  un i t s

fi rs t  s tep  to  wear  a  mask  i s  
to  ensure  re ta in ing  c l ips  

beh ind  the  neck  ( shou lders )   

connect filter unit1 wear harness on neck2

wear harness on crown3 fit-check4

af te r  the  harness  i s  in  p lace,  
a t  the  neck ,  the  opera tor  

can  s t re tch  the  c rwon

af te r  se t t ing  the  mask  on  v i sage  
a  fi t -check  i s  per fo rmed by  the  

opera tor  to  ver i f y  cor rec t  wear ing
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fit check procedure

what is a fit check?

A F i t  Check  i s  a  p rocedure  dep loyed  to  ver i f y  
the  qua l i t y  o f  sea l  be tween a  person 's  face  and  
a  resp i ra to r  o r  mask .  I t  i s  requ i red  fo r  many  
jobs  in  a  w ide  var ie ty  o f  indus t r ies ,  as  
p rev ious ly  ment ioned.  I t  i s  mandatory  to  
per fo rm a  F i t  tes t  be fore  choos ing  the  PPE  and  
a  F i t  Check  i s  reccomended every  t ime o f  use .  
The  F i t  Check  i s  per fo rmed a f te r  the  equ ipment  
i s  worn  and  se t ted  by  opera tor  and   and  can  be  
subd iv ided  in  5  easy  s teps :

I f  the  mask  compresses  and  pushes  aga ins t  the  
face  i t  means  the  sea l  i s  t igh t  and  the  mask  i s  
worn  cor rec t l y.  The  a i r  ho lded  when breath ing  
i s  respons ib le  o f  de forming  the  e las t i c  body  by  
c rea t ing  negat i ve  p ressure  in  the  inner  dome.  
Deformat ion  o f  the  mask  i s  an  ind ica tor  o f  
negat i ve  p ressure  ach ievement  (good sea l )

I f  the  mask  i s  leak ing  no  negat i ve  p ressure  i s  
obta ined  in  the  inner  chamber  and ,  when 
breath ing ,  the  a i r  i s  fo rced  to  flow th rough  the  
gaps /ho les  c rea ted  a round the  gasket .  
A  non-un i fo rm sea l  (bad  sea l )  can  compromise  
worker  sa fe ty  and  has  to  be  tes ted  aga in  a f te r  
re -ad jus t ing  the  PPE  on  the  user.
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fu l l y  covered  a rea

deformat ion  a rea

4

1 .   Wear  the  mask  cor rec t l y  
2 .  Ad jus t  mask  on  face  and  tens ion  harness
3 .  En t i re ly  cover  fi l te r  su r face  w i th  the  hand
4 .  B reathe  deep ly
5 .  Observe  mask / fee l  behav iour



03.1 F ie ld  research2 .0

wearing and use procedure 
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a  c ruc ia l  aspect  wh i le  
wear ing  ha l f - face  negat i ve  
p ressure  mask  w i th  mounted  
fi l te rs  i s  the  l im i ted  fie ld  o f  
v iew.
B l ind  spots  a re  common 
when opera t ing  w i th  b ig  fi l te r  
un i t s  and  can  hard ly  
influence  opera tors  ac t i v i t y

field of view

ba lanc ing  we ight  in  a  cor rec t  
and  un i fo rm way  i s  very  
impor tan t  when dea l ing  w i th  
humans  face  and  head.  
The  to ta l  we ight  o f  worn  
garments  shou ld  never  
exceed 1kg  fo r  opera tors  
facep ieces ;  and  the  we ight  
shou ld  be  a l so  managed 
symmetr i ca l l y.  A  good 
harness  and  tens ion ing  
sys tem can  he lp  in  the  task  o f  
d i s t r ibu t ing  we ight

center of gravity

F i l te rs  can  vary  a  lo t  
depend ing  on  the  prac t i ce .
F i l te rs  can  be  prov ided  in  
d i�erent  s i zes  and  we ights ,  
s ing le  o r  coup led .  Th is  
a�ects  a  lo t  the  fie ld  o f  v iew 
and  the  we ight  d i s t r ibu t ion .  
Pa i red  fi l te rs  a re  usua l l y  
be t te r  to  ba lance  we ight .

filter units
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one-way  membrane  va lve  
regu la teS  the  flow dur ing  
inha la t ion /exha la t ion .  A i r  i s  
fo rced  to  en ter  f rom fi l te rs  
and  can  on ly  escape f rom 
f ron t  sh ie ld  thanks  to  va lves  
o r ien ta t ion  and  a i r  c i rcu i t ing

one-way valves

fi l te r  i s  absorb ing  and  
re ta in ing  the  contaminants  
when the  a i r  i s  fo rced  
th rough  the  in te rchange 
sur face,  p rov id ing  “c lean”  a i r  
to  the  worker

filtration

key  fac tor  when wear ing  a  
mask  dur ing  work  opera t ions  
i s  the  bu i ldup  o f  inner  CO2.  
CO2 i s  p roduced every  t ime 
we exha le  and  tends  to  
accumula te  fo r  the  poor  a i r  
rec i rcu la t ion .  Sa tu ra t ion  o f  
CO2 can  be  harmfu l  fo r  
resp i ra t ion  (espec ia l l y  over  
t ime ) .  An  e�c ient  exha le  
va lve  can  so lve  or  m i t iga te  
the  prob lem

CO2 buildup
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focus on half-face rubber mask manufacturing method
2.6  Manufacturing
 

Respiratory protection negative pressure face-masks are 

very di�used in the B2B market and notorious for the iconic 

shape. Manufacturer do their best to di�erentiate 

themselves from competitors and to impose a winning 

design on market; even if most of these mask might look 

di�erent they always share some common features such as:

- filtering materials

- manufacturing materials

- rigid frame, flexible body and tensioning laces

- disassemblable and reusable

One of the most interesting and complex component under 

the design perspective is the flexible/elastic mask body 

obtained from rubbery/soft materials. As seen in previous 

chapters, the elastic dome is at the core of mask 

working-principle, responsible of the tight sealing of the 

mask against face. This unit represents an unique 

component in the assembly of the mask and is directly 

linked to the ability of fitting the user, while providing safety 

and comfort at the same time. For this reason the elastic 

body element is at the center of the engineering process 

and is the one unit requiring a very high design e�ort and 

need-for-investments to be manufactured.

The flexible mask body is at the center of the useful design 

investigation of the project and will be at the center of the 

design and development phase. For this reason i decided to 

deepen productive and manufacturing aspects related to 

the realization of the mask.

The mask unit is at the center of any protective mask model 

general behaviour and might slightly change from 

manufacturer to manufacturer. In every design complexity of 

the mask (and so of the mold) has to be carefully managed 

in order to assure a repeatable and stable manufacturing 

processfor the component. [F]

geometry example of an injection molded mask

example of a mask mold for injection
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As mentioned, the productive method applied to rubber 

face-masks is common to most face-piece manufacturers, 

with slight di�erencies between models.

The selected manufacturing process consists in Injection 

Molding, a very particular kind of injection that needs to 

meet specific rules and relies on the flexible properties of 

the employed materials.

In the following page the basic steps to be accomplished in 

order to manufacture a mask body will be explained:

To overcome the very pronounced undercut of such molds 

material properties play a crucial role: a highly elastic and 

tear resistant material is therefore a requirement of the 

process. For this reason categories such as silicon rubbers 

and thermoplastic elastomers (TPE) are usually employed 

for face-piece manufacturing. Elastic materials are also 

responsible of the deformation behaviour of the dome: 

hardness ranges around 50-60 shoreA used to be employed

mask body injection molding

The mold is composed by 3 main elements: two closing 

female valves and a punching male, able to lift. When molds 

come together parts are joined and a defined empty mold 

cavity is created inside the mold.

Liquid material is injected in the cavity through an injection 

channel. The material is forced to flow under pressure in 

order to reach tiny spots and small features of the cavity.

The mold is mantained closed, under pressure, in vaacum 

condition untill the material completely hardens and is then 

opened again. The punching dome is able to lift and to free 

the body from the cavity.

The body remains attached to the punching element thanks 

to surface adhesion and mold undercuts and needs to be 

removed by hand by an operator. The undercut is overcome 

and released by taking advantage of material properties.

1

1

2

3

4

mold elements opening

1 mold closing

2 cavity injection

3 body ejection

4 finished part removal
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4  po in t  rubber  harness

Fu l l  face-mask  represent  the  h ighes t  g rade  o f  
p ro tec t ion  and  secur i t y  p rov ided  to  workers  
when opera t ing  in  indus t r ia l  fie lds ;  i t  p rov ides  
p ro tec t ion  to  faces  resp i ra to ry  t rac ts ,  eyes  and  
sk in  a l l  i n  once.  
The  fu l l - face  mask  work ing  pr inc ip le  i s  very  
s im i la r  to  the  one  o f  the  ha l f - face  negat i ve  
p ressure  mask :  an  a i r t igh t  sea l  i s  p rov ided  by  
the  e las t i c -de formab le  body  to  i so la te  the  user  
f rom ex terna l  env i roment ;  when inha l ing  a i r  i s  
fo rced  th rough  fi l te rs  and  reaches  the  user.  
The  ma in  d i�erence  between the  prev ious -seen  
mode l  cons is ts  in  the  presence  o f  a  v i sor  made 
o f  t ransparent  p las t i c  (usua l l y  PC )  and  an  
a l l round  deformab le  harness .  F i l te r  un i t s  a re  
a t tached a t  the  in le ts  and  can  be  subs t i tu ted  
when needed,  in  the  same way  same as  the  

ha l f - face  negat i ve  mask .  [G] 

the ultimate DPI - definition and categories 
2.7  Respiratory Full-face Mask
 

visor

represents  a  key  component  in to  the  fu l l - face-
mask  assembly.  I t  has  the  ma in  func t ion  o f  
o�er ing  pro tec t ion  to  eyes  and  i so la t ing  the  
face  wh i le  permi t t ing  a  good fie ld  o f  v iew and  
reduced in te r fe rence  w i th  users  ges tu res .  
V i sors  can  be  t rea ted  or  coated  to  improve  
an t i - sc ra tch ,  an t i - fog  and  an t i  pa in t  pee l -o f  
so lu t ions  

4-6 point harness

4  to  6  po in t  c l ip  re ten t ion  harness  i s  su i ted  fo r  
fu l l - face  mask  k i t s .  The  fu l l - face  i t se l f  respre-
sents  a  bu lky  and  qu i te  invas ive  PPE ,  fo r  th i s  
reason  ba lanc ing  the  overa l l  we ight  and  re ta i -
n ing  the  mask  p lays  an  impor tan t  ro le  fo r  user  
sa fe ty  and  comfor t .
A t  leas t  4  po in t  o f  regu la t ion  a re  used  to  
tens ion  the  laces  and  fi t  the  mask  to  workers  
face ;  an  e las t i c  back  ac ts  on  users  neck  by  
compress ing  aga ins t  c rown and  f ron t  v i sage.

inner mask

A smal le r  inner  mask  re ta ins  CO2 bu i ldup,  
water  d rop le ts  and  vapours  to  p revent  v i sor  
f rom in te rna l  fogg ing  and  keep the  worker  
“ f resh”  and  comfor tab le  dur ing  usage
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[R]

[R]

4-6 point harness

stripping clip

filter mount

all-round seal

visor

inner mask
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PAPR (Powered  A i r  Pur ified  Resp i ra tor )  i s  a  
pos i t i ve  p ressure  resp i ra to ry  sys tem employed 
where  env i romenta l  work ing  cond i t ion  impose  
the  user  to  be  supp l ied  w i th  a  h igh  flow o f  a i r  
dur ing  opera t ions .
The  mask  (genera l l y  a  common fu l l - face  or  
ha l f - face  mask )  i s  equ ipped wi th  a  flex ib le  hose  
connected  on  fi l te rs  access  over tu re ,  o ther  
eventua l  open ings  a re  then  c losed .
The  o ther  end  o f  the  hose  i s  ensured  a t  the  
shroud  o f  the  b lowing  un i t ;  the  b lower  ac ts  as  a  
vacuum and dr i ves  a i r  in to  the  sys tem,  the  a i r  i s  
fo rced  th rough  the  fi l te r  un i t  and  gets  pur ified  
before  en ter ing  the  sys tem and  reach ing  the  
user.  The  b lowing  un i t  i s  respons ib le  o f  
supp ly ing  the  des i red  amount  o f  a i r  ( flow)  by  
inc reas ing  or  decreas ing  RPM o f  the  motor,  the  
va lue  can  be  se t ted  by  the  opera tor.  PAPR are  
genera l l y  d i spensed wi th  sa fe ty  detec t ion  

sys tem embedded.  [H]

A  mechan ica l  sa fe ty  check  i s  requ i red  to  be  
on-board  fo r  PAPRs  in  case  o f  e lec t r i ca l  damage 
or  ma l func t ion .  For  th i s  reason  most  PAPRs  
present  a  ro tameter  ins ta l led  a t  the  beg inn ing  
o f  the  hose  to  warn  the  worker  in  case  o f  
m isbehav iours  by  the  mach ine

securing belt

To car ry  the  we ight  o f  the  b lower  +  fi l te r  un i t  
and  to  in te rphere  as  less  as  poss ib le  w i th  
worker  ges tu res  PAPRs  a re  p rov ided  w i th  d i�er -
net  so lu t ions  to  be  worn  by  the  user  (be l t ,  
backpack ,  ba ld r i c . . )

tight fit

For  some app l i ca t ion  (ex .  m i l i ta ry,  fi reman,  
min ing . . )  a  t igh t  sea l  i s  needed to  ensure  
pro tec t ion  by  the  contaminant ,  in  th i s  case  ha l f  
and  fu l l - face  mask  a re  su i ted  by  worker  and  
regu la ted / tens ioned to  per fo rm an  adherent  fi t  
on  v i sage.  For  th i s  k ind  o f  app l i ca t ion  a  h igh  
flow i s  usua l l y  employed (a round 160  l /m in ) .  

loose fit

For  o ther  app l i ca t ions  (ex .  pharmaceut ica l ,  
med ica l ,  chemica l . . )  a  loose  fi t  can  be  su i ted  by  
opera tors  and  i s  genera l l y  obta ined  th rough  a  
hood or  a  he lmet .  The  pro tec t i ve  e lement  
p resents  a  sur round ing  sk i r t  p ro tec t ing  the  
opera tor  t i l l  ch in  o r  shou lders .  The  contaminant  
i s  avo ided  by  the  pos i t i ve  p ressure  genera ted  
in  the  in te rna l  sys temn keep ing  i t  i n  the  
ex terna l  envv i roment  (even  w i thout  a  t igh t  
sea l ing  gasket ) .  For  th i s  k ind  o f  app l i ca t ion  
flowrates  o f  approx imate ly  90  l /m in  a re  su i ted .    

flowmeter (rotameter)

the ultimate DPI - definition and categories 
2.8  PAPR Mask and Hood
 

fu l l - face  mask  equ ipped wi th  PAPR sys tem
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[T]

[T]

battery pack + charger

flowing tube (hose)

wearing belt

(loose fit) hood (loose fit) helmet - visor

blower unit + filter

flowmeter - rotameter

s tandard  connect ions  a l low 
ha l f  and  fu l l - face  masks  to  

be  adapted  a t  the  hose  

the  hose  i s  than  connected  
to  the  b lower  on  the  o ther  

end  w i th  another  mechan ism  
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s tandard  connect ions  a l low 
ha l f  and  fu l l - face  masks  to  

be  adapted  a t  the  hose  

the  hose  i s  than  connected  
to  the  b lower  on  the  o ther  

end  w i th  another  mechan ism  

wearing and use procedure 

hose lock1 hose lock on blower2

size adjust5 mask wearing6
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the  be l t  i s  regu la ted  to  meet  
user  needs  and  to  fi t  

comfor tab le  dur ing  use

the  mask  i s  in i t i a l l y  worn  by  
a t tachng fi rs t  2  po in ts  

beh ind  the  neck  ( shou lders )
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inserting filter3 harness closure4

adjust/ fit-check7 control interaction8
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the  fi l te r  i s  inser ted   in  the  
hous ing  and  covered  to  

manta in  i t  i n  p lace

opera tor  ensures  the  b lower  
sys tem on  the  body  by  

p ress ing  the  c l ip

fi t  check  i s  per fo rmed by  
opera tor  to  ver i f y  cor rec t  

sea l ing  o f  mask  body /gasket

PAPR i s  ac t i va ted  by  hand 
th rough  cont ro l  pane l  (usua l l y  

loca ted  on  the  un i t  i t se l f )
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3.0 user & context

worker and working enviroment
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worker and workplace general overview - methodology
3.0  User and context
 

I n  th i s  chapter  the  user  w i l l  be  a t  the  center  o f  
the  des ign  inves t iga t ion ,  in  the  a t tempt  o f  
t rac ing  i t ’s  ma in  t ra i t s  and  d iscover ing  the  
modes  o f  use  and  behav iours  tak ing  p lace  in  a  
dep ic ted  scenar io .
The  sub jec t  o f  th i s  exp lora t ion  w i l l  be  the  the  
user  wear ing  ha l f - face  negat i ve  p ressure  mask  
in  h i s  da i l y  ac t i v i t y,  and  so  a  very  par t i cu la r  
k ind  o f  worker.

The  user  ana lys i s  phase  has  undergone a lmost  
3  years  o f  research  adopt ing  severa l  methods  
and  a ims  to  acqu i re  in fo rmat ion  o f  mean ing  fo r  
the  defin i t ion  and  deve lopment  o f  the  pro jec t .
The  pro jec t  was  grounded and  car r ied  out  
based  on  the  observa t ion  o f  user  needs  and  
depos i t ions .  Stud ies  in  the  fie ld  had  s ta r ted  in  
May  2019  us ing  the  fo l lowing  s t ra teg ies :

-  desk  research
-  e tnograph ica l  ana lys i s
-  ques t ionna i res
-  persona l  in te rv iews
-  in -s i tu  mon i to r ing
-  focus  g roups

A l l  o f  the  repor ted  methods  were  fie lded  a t  
d i�erent  s tages  o f  the  de ign  process ,  s ta r t ing  
f rom the  in i t i a l  conceptua l  ins igh ts ,  in to  the  
more  defined refinment  o f  the  pro jec t ,  un t i l l  the  
very  fina l  tes t ing  phase.

pos t - i t  used  dur ing  bra in -s to rm ac t i v i t y
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worker duties

The te rm worker  can  so  be  defined:

“A person who works,  especia l ly  one who 
does a par t icu lar  k ind of  work”

Oxford Dict ionary

The worker  can  there fore  be  assoc ia ted  w i th  a  

cer ta in  amount  o f  tasks  o r  du t ies ,  such  as :  [A]

Per fo rm and  repor t  on ,  da i l y  sa fe ty  and  
ma in tenance  checks .

Works  w i th  and  ass i s t s  the  c rew in  d igg ing  
d i tches  and  t renches ,  ho is t ing  mater ia l ,  too ls ,  
equ ipment ,  and  any  re la ted  work  w i th  a  
backhoe,  excavator,  o r  f ron t -end  loader

P lace,  remove or  ma in ta in  underground 
u t i l i t ies  as  d i rec ted .  Th is  inc ludes  but  i s  no t  
l im i ted  to :  ca r ry ing  p ipe,  bags  o f  mater ia l ,  and  
o ther  heavy  i tems ,  jack  hammer ing ,  shove l ing ,  
tamping ,  and  ins ta l l i ng  p ipe ,  duc t ,  o r  cab le

Opera tes  equ ipment  o f  va r ious  s i zes  and  
we ights  in  the  load ing ,  hau l ing ,  and  un load ing  
o f  va r ious  equ ipment ,  mater ia l s ,  and  supp l ies

Ass is t  in  res tor ing  works i te  a t  comple t ion  o f  
da i l y  work

workers  a t  work  in  a  cons t ruc t ion  s i te

91
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Action

Risks for height exposure

How to solve it

adopting safe 
measures and

dotation

protect auditive 
system 

protect from 
lacerations, 

abrasions, bruns, 

protect respiratory 
system 

protect respiratory 
system and from 

contact

human contact,
psycological support

Risks from noise

Airborne fibers and materials

Asbestos

Moving objects

r i sk  exposure

worker  opera t iona l  ou tfi t  (PPE )

VIS Clothes

Hazards

Protect

Detect

Fire and heat
Injuries and damages
Aggressive liquides

Scratches
Harmful dusts

Chemicals

Body Legs Head / face Hands Respiratory system

Boots

Fire
Injuries and damages
Aggressive liquides

Abrading or lacerating
Prevent holes

Chemicals

Helmet

Falling objects
Injuries and damages
Abrading or lacerating

Safety Gloves

Fire
Heat injuries

Abrading or lacerating

Dust mask

Dust
Particulate
Powders
Abrasives

Smoke
Gas

Asbestos
Paintings

Respirator

- --

Respiratory system AuditiveEyes

Particulate
Dust

Liquids
Radiation 

(some cases)

Noise 
Dust 

(some cases)

----

Ear PlugsSafety Goggles

-

 [B] source :  h t tps : / /www.hse.gov.uk / too lbox /ppe.h tm
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Resp i ra tory - re la ted  long  te rm d iseases  a re  
re la ted  to  a  f requent  and  repeated  exposure  to  
contaminants  on  workp lace.  The  cause  can  be  
o f ten  found in  workers  behav iour  o r  lack ing  o f  
sys tem cont ro l .  Long- te rm d iseases  a re  usua l l y   
re la ted  to  a  misuse  o f  the  Persona l  P ro tec t i ve  
Equ ipment  o r  an  underes t imat ion  o f  the  r i sk  
exposure  by  the  user,  p recar ious  o r  non-unfirom 
work ing-cond i t ion  can  a l so  be  a t  the  or ig in .

 Workers  long- te rm inc idence  on  resp i ra to ry
(UK 2018 )

Non-asbestos related 
lung cancer 23%

Chronic Obstructive
Pulmunary disease 33% 

Others 3% 

Mesothelioma 20%

Construction sites

Main operational areas

Building demolition

Asbestos remotion

12.000 death x year in UKAsbestos related
lung cancer 20%

Asbestos related
lung cancer 20%

worker’s respiratory diseases

[B]  source :  h t tps : / /www.hse.gov.uk /s ta t i s t i cs /causd is / index .h tm
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target
3.1  Industrial fields
 

The te rm worker  i nc ludes  a  w ide  var ie ty  o f  
peop le  o r  “workers”  as  sa id  bu t  fo r  the  scope o f  
my  pro jec t  i  wanted  to  p rec ise ly  focus  on  those  
re levant  to  me,  the  ones  wear ing  fu l l - face  
negat i ve  p ressure  mask  to  get  they  resp i ra to ry  
t ra i t s  p ro tec ted  on  da i l y  work ing  ac t i v i t y.  For  
th i s  reason  fi rs t  s tep  i  went  to  was  to  ident i f y  
w ich  indus t r ia l  ca tegor ies  o f  workers  i  was  
re fe r r ing  to .
F rom the  desk  research  and  thanks  to  the  
spread ing  o f  a  fi rs t  ques t ionna i re  a round 
communi ty  o f  workers  and  mask  cus tomers  i  
focused on  2  ma in  worker  ca tegor ies ,  end ing  up  
to  be  the  ones  adopt ing  the  most  ha l f -negat i ve  
p ressure  maks  and  encounter ing  many  d iseases  
dur ing  use :   

industrial sprayer agricultural operator

[D] source :  h t tps : / /www.gmins igh ts .com

[C] [D]
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workers user questionnaire 

For  the  scope o f  my  inves t iga t ion  3  d i�erent  
ques t ionna i re  fo rms  were  c rea ted  and  spreaded 
a t  d i�erent  s tages  o f  the  pro jec t  to  co l lec t  h in ts  
and  impress ions  by  ta rget  users .  The  fi rs t  
ques t ionna i re  was   d i rec ted  to  genera l  
indus t r ia l  workers  and  had  the  scope o f  ge t t ing  
a  genera l  idea  about  the  ac t i v i t y  and  market  
ind iv iduat ing  a  more  defined sub-c lass  o f  ta rget  
user :  indus t r ia l  pa in te rs  and  agr icu l tu ra l  opera -
to re .
Both  these  ca tegor ies  o f  workers  seemed to  
cor respond to  researched a t t r ibu tes  and  repre-
sent  key  users  o f  ha l f - face  negat i ve  p ressure  
sa fe ty  sys tems.
Other  2  ques t ionna i re  fo rms  were  c rea ted ,  one  
each  work ing  ac t i v i t y,  in  the  in ten t  o f  fami l ia r i -
z ing  w i th  the  prac t i ce  and  deepend ing  the  

Form l inks :

Indus t r ia l  worker  empolyees  ques t ionna i re
(Ju ly  2019 )

h t t p s : / / d o c s .g o o g l e .c o m / f o r m s / d / e / 1 FA I p Q L S f
AsDIybr75mmdbEFUlLyQjw2NK-Le I jBz -CfEbY4k
0flHTSA/v iewform

I ndus t r ia l  sprayer  and  varn isher  ques t ionna i re
(February  2020)

h t t p s : / / d o c s .g o o g l e .c o m / f o r m s / d / e / 1 FA I p Q L S d
cmQc9W2ic tLy lqC5kSY9UbD7s -WoC9mmaZI lek
kFOUR6GdA/v iewform?usp=sf_ l ink

Agr icu l tu ra l  opera tor  ques t ionna i re
(Ju ly  2020)

ht tps : / /docs .google .com/ forms/d /e / 1FAIpQLSf_
HhpaPy IedbUA7gBhLwYhIm7srDQawcs Iwv9YJ_
lKa jd fEw/v iewform?vc=0&c=0&w=1

F

[E]
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industrial painter - varnisher
3.2  User analysis

Works on:

Skills:

Examine  the  sur face  tha t  he  has  to  pa in t
Prepare  the  sur face  to  pa in t
App ly  the  prepara tory  t rea tment  on  the  sur face
Prepare  and  mix  pa in t  and  the  o ther  subas tan-
ces  to  be  app l ied
Pa in t  the  sur face
Check  the  qua l i t y
Car ry  ou t  the  ma in tenance  o f  the  ins t ruments

Mechan ica l  knowledge about  ins t ruments  and  
mach ines  to  use
“Sc ien t ific”  knowledges ,  in  o rder  to  know mate-
r ia l s ’  fea tu res  and  how they  reac t  to  t rea tments  
Know pa in ts  and  the  chemica l  subs tances  used
Know the  d i�erent  sur face  t rea tments ,  and  in  
par t i cu la r  pa in t ing  methods
Good manua l  sk i l l s

h i s  job  cons is ts  o f  app ly ing  the  sur face  pa in t ing  
t rea tment  to  d i�erent  k ind  o f  ob jec ts .   In  the  
manufac tu r ing  indus t ry  he  i s  par t  o f  the  
product ion  l ine .  The  ma jor i t y  o f  va rn ishers  
work  in  indus t r ies  tha t  p roduce  cars ,  motor -
b ikes ,  boats  o r  fu rn i tu re ,  o r  in  en terpr i ses  
ac t i ve  in  the  wood,  p las t i c ,  g lass  o r  bu i ld ing  

sec tor.  [E]

F rom the  ex i t  o f  the  ques t ionna i rs  and  the  
resu l t s  co l lec ted  i  ended up  choos ing  to  
deepen the  figure  o f  the  indus t r ia l  pa in te r ;  i  
dec ided  to  go  fo r  th i s  user  case  s tudy  because  
i  cou ld  get  la rger  and  more  mean ingfu l l  resu l t s  
f rom th i s  ca tegory.  Th is  k ind  o f  ac t i v i t y  i s  
f requent  to  be  found a round my  loca l  a rea  and  
th i s  was  another  encouragment  to  move  me 
in to  the  ana lys i s  o f  the  indus t r ia l  pa in te r :  

Experienced worker average salary (USA)
25 $  / h

52700 $ / year

Beginner worker average salary (USA)
19 $  / h

40400$ / year

Pain t ing

Working  area Typica l
hazards

Type of  
fi l ters Normat ive

VOCs /  dus t A /AX/P3 EN149

[F] source :  h t tps : / /www.sa la ry.com/ too ls /sa la ry -ca lcu la tor /en t ry -pa in te r / i ta l y - t x

[C]
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Long te rm hea l th  e�ect  
A l le rg ic  contac t  dermat i t i s
Resp i ra tory  d i seases :  as thma,  lung  cancer
Card iovascu la r  d i seases
Pa in ter ’s  syndrome:   b ra in  damage,  damage to  
the  reproduct i ve  sys tem and  k idney  or  l i ve r  
damage,  caused by  p ro longed inha la t ion  o f  
pa in ts  and  so lvents

Company  s ize

60%

80%

40%

20%

0%

<
10

0

10
0

/5
0

0

5
0

0
/1

0
0

7
5

0
0

/1
5

0
0

0

10
0

0
/7

5

Work ing  fie ld

60%

80%

40%

20%

0%

C
o

n
st

ru
ct

io
n

Tr
a

n
sp

o
rt

a
ti

o
n

B
u

si
n

e
ss

 S
e

rv
ic

e
s

E
n

e
rg

y 
&

 U
ti

li
ti

e
s

H
e

a
lt

h
ca

re

Bache lor ’s  

Mas ter ’s  

Educat iona l  leve l

No d ip loma

High  schoo l

Cer t ifica te

Years  o f  exper ience

0-1

2-5

5- 10

10- 15

>15

Can  lead  to :

The  a tomiza t ion  o f  pa in t  inc reases  the  sur face  
a rea  o f  the  l iqu id .  A l though th i s  method i s  
favored  fo r  pa in t ing  la rge  a reas  in  a  fa i r l y  shor t  
amount  o f  t ime and ,  in  some cases ,  us ing  less  
p roduct  than  w i th  b rush  or  ro l le r  app l i ca t ions ,  
two pr imary  hazards  ex is t :  worker  exposure  to  
tox ic  subs tances  and  fi res  o r  exp los ions .  Indeed 
workers  per fo rming  spray  pa in t  opera t ions  a re  
a t  a  h igher  r i sk  than  w i th  b rush  or  ro l le r  app l i -

ca t ions .  [G] 

Tox ic /Hazardous  Subs tances
Exposure  occurs  when the  pa in t  becomes  
a i rborne,  and  th i s  i s  espec ia l l y  t rue  in  a  confi-
ned space

Shor t  te rm hea l th  e�ects  
I r r i ta t ion  contac t  dermat i t i s
I r r i ta t ion  to  the  nose,  th roa t  and  lungs
Burns  to  the  sk in  and  eyes
Headaches ,  d i zz iness ,  nausea  and  
fa t igue
Cough ing ,  pa in fu l  b rea th ing
Pneumonia ,  b ronch i t i s
Reynaud’s  Syndrome (due  to  v ib ra t ion  
f rom the  equ ipment )

F i res /Exp los ions
Organ ic  so lvent -based pa in t  conta ins  flammable  
and  exp los ive  so lvents  w i th  flash  po in ts  usua l l y  
be low 27°C.

Ins t ruments
No ise  
V ib ra t ion

painting activity

[F] source :  h t tps : / /www.sa la ry.com/ too ls /sa la ry -ca lcu la tor /pa in te r -sen ior / i ta l y - t x
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V isor

Sa fe ty  shoes /boots
( i f  requ i red  by  PPE )

Hood

Spray  gun

Un i fo rm

PAPR
or  a i r  supp l ie r

G loves

Tube

VoC’s (gases/fumes)
Powder (particulate)
Dust
Flamable

Weight
Noise

Vibration
Flamable

Visibility
Temperature
Mobility

types of paint
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Combust ib le  vapors
C losed  space

VoC’s
Par t i cu la te

Dus t
Eye  and  sk in  i r r i ta t ion

hear ing  protect ion resp i ra tor  fi t t ing

eyes / face  protect ion too ls /par t  p repar ing

relevant safety - protective aspects

fi l ter  mount

pa in t  p reparat ion
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A i r less  
spray

HVLP 
sys tem 

H igh-pressure  
spray

Organic solvent-based paint

P igment  +  bond ing  agent ,  d i spersed  in  an  
organ ic  so lvent .
The  ma in  hazard  re la ted  to  th i s  k ind  o f  pa in t  
a re  emiss ions  f rom the  evapora t ing  so lvents ,  
cons is t ing  o f  VOCs  (Vo la t i le  o rgan ic  
compounds ,  h igh ly  tox ic ) ,  and  reac t ing  in  sun l i -
gh t  to  fo rm smog.  

The  purpose  o f  wear ing  a   resp i ra to ry  p ro tec t i -
ve  mask  ( combined wi th  p ro tec t i ve  gogg les  as  
we l l )  i s  to  p reserve  the  opera tor  f rom harmfu l  
contaminants  d i sperded by  lacquers  and  pa in ts  

dur ing  work ing  ac t i v i t y.  [H]

A  genera l  defin i t ion  o f  most  d i�used pa in t  
ca tegor ies  i s  here  prov ided :

Water-based paint

Synthet i c  res ins  and  p igments  +  coa lesc ing  
agents  +  sur fac tan ts  +  water.  They  have  lower  
VOC emiss ion  thanso lvent -based pa in t ,  and  
they  a re  not  flammable .

Powder paint

Thermoplas t i c  /  thermoset  po lymer  +  p igments  
+  add i t i ves .  They  conta ins  no  so lvents  and  
re lease  l i t t le  o r  no  amount  o f  VOC.  Cur ing  t ime 
i s  s ign ificant l y  fas te r  w i th  powder  coat ing  than  
w i th  l iqu id  coat ing .
I t ’s  app l ied  to  meta l  su r faces ,  g lass  o r  MDF 
ob jec ts  th rough  e lec t ros ta t i c  spray  depos i t ion  
us ing  a  spray  gun .

types of paint

[F]

[F]

[F]
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Uniform

Hazards

Protect

Irritation, burns

Entire body Hearing Head Hands Respiratory system

Hearing protection

Noise, irritation, burns

Hood

Irritation, burns

Gloves

Irritation, burns

Respirator

Carcinogenic and 
toxic substances

What  k ind  o f  spray ing  sys tem do  you  use  most l y?  

Ai r less  spray ing

High-pressure  spray ing

Brush  /  ro l le r

HVLP

Powder  pa in t Mar ine  coat ing

Water -based pa in t

What  k ind  o f  pa in t  do  you  use  most l y?

Solvent -based pa in t

[I] source :  ques t ionna i res
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How many  workers  a re  there  w i th  you  in  your  
works ta t ion?

Ind iv idua l l y

1

2

3

3+

enviroment and workspace 
3.3  Working ambient
 

To ana lyze  workspace  and  work ing  cond i t ion  fo r  
indus t r ia l  pa in te rs  i  s ta r ted  by  in te rpre t ing  
resu l t s  o f  ques t ionna i res  spreaded wi th in  varn i -
sher  communi t ies .  The  resu l t s  were  very  use fu l  
to  dep ic t  indus t r ia l  s i tua t ion  fo r  the  sec tor  by  
p rov id ing  a  genera l  idea  about  compan ies  s i ze ,  
workspace  s t ruc tu re ,  da i l y  rou t ine ,  tasks  and  
key  aspects  re la ted  to  the  prac t i ce .

Workspace  represents  a  key  fac tor  in to  user  
hab i t s ,  espc ia l l y  because  i s  where  the  exposure  
to  contaminants  and  dangers  takes  p lace  and  i s  
a l so  where  the  worker  spends  most  o f  h i s  day  
(up  to  8  to  12  hours ) .  
Under  th i s  c i rcumstances  ana lyz ing  the  ambient  
and  the  sur round ing  env i roment  has  represen-
ted  a  c ruc ia l  fac tor  fo r  the  deve lopment  o f  th i s  

p ro jec t .  [L] 

[I] source :  ques t ionna i res

pa in te rs  work ing  in  team in  a  pa in t ing  room[G]
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Fu l l - face  mask

Ha l f - face  mask

I f  you  use  a  pos i t i ve  p ressure  resp i ra to ry  
p ro tec t ion ,   what  k ind  o f  mask  do  you  use?

Helmet

Wh ich  k ind  o f  resp i ra to ry  p ro tec t ion  do  you  
use?

Negat i ve  p ressure

Pos i t i ve  p ressure

Which  tasks  do  you  per fo rm?
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What  k ind  o f  equ ipment  do  you  usua l l y  use?
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[I] source :  ques t ionna i res
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phase 1 - preparing the surface
act i v i t ies  inc luded:

-  g r ind ing  sur faces
-  po l i sh ing
-  c lean ing  sur faces
-  remov ing  dus t /de fec ts
-  app ly ing  masks /s tenc i l s
-  us ing  pre - t rea tment  pa in ts

phase 2 - preparing the paint/tool
act i v i t ies  inc luded:
 
-  wear ing  a l l  p ro tec t ions
-  assembl ing
-  manag ing  smal l  par ts
-  mov ing  pa in t  conta iners
-  m ix ing  pa in t  components  
-  fi l te r ing  pa in t
-  fi l l i ng  too ls

phase 3 - painting and finishing
act i v i t ies  inc luded:
 
-  pa in t ing
-  c lean ing  too ls  
-  remov ing  masks /s tenc i l s  
-  p repar ing  too ls  fo r  nex t  use  
-  wash ing  garment  a f te r  use

painter workflow 

User research Workframe

Workframe

1. Preparing the surface

We have subdivided each di�erent action done during work by sprayers.

Actions included:

Grinding surfaces;
Polishing;
Cleaning surfaces;
Removing dust/defects;
Applying masks/stencils;
Using pre-treatment paints.

https://www.youtube.com/watch?v=Qrz9wnaLPP4

User research Workframe

Workframe

1. Preparing the surface

We have subdivided each di�erent action done during work by sprayers.

Actions included:

Grinding surfaces;
Polishing;
Cleaning surfaces;
Removing dust/defects;
Applying masks/stencils;
Using pre-treatment paints.

https://www.youtube.com/watch?v=Qrz9wnaLPP4

User research Workframe

Workframe

1. Preparing the surface

We have subdivided each di�erent action done during work by sprayers.

Actions included:

Grinding surfaces;
Polishing;
Cleaning surfaces;
Removing dust/defects;
Applying masks/stencils;
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Polishing;
Cleaning surfaces;
Removing dust/defects;
Applying masks/stencils;
Using pre-treatment paints.

https://www.youtube.com/watch?v=Qrz9wnaLPP4

User research Workframe

Workframe

2. Preparing the paint / the tools

Actions included:

Wearing all protections;
Assembling;
Managing little parts;
Moving paint conteiners;
Mixing paint components;
Filtering paint;
Filling tools.

https://www.youtube.com/watch?v=iJHa-6E9LRA
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Filling tools.
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User research Workframe

Workframe

3. Painting / finishing work

Actions included:

Painting;
Cleaning tools;
Removing masks/stencils;
Preparing tools for next use.

https://www.youtube.com/watch?v=OgvMqGwHXe8&t=1s
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user into the object itself.

(Bending, leaning..)
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Di�culty access area for the 
worker, potentially using of 

other tools (stairs, etc..)
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pa in ters  p repara tory  ac t i v i t y  f rames

pa in t  m ix tu re  p repara t ion  f rames

pa in ters  a t  work  f rames

[M] https://www.youtube.com/watch?v=EZmFzstDQIs

[H]

[H]

[H]
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d i�cu l t  access  a reas  fo r  the  worker  
wh i le  pa in t ing ,  po tent ia l l y  us ing  
o ther  too ls  ( s ta i r s ,  e tc . . ) .
O f ten  the  ac t i v i t y  requ i res  the  
accompl i shment  o f  d i�erent  tasks  
(no i t  s t r i c t l y  re la ted  w i th  pa in t ing )  
and  requ i res  t rans is t ion  between 
more  than  a  s ing le  work-space

d i�cu l t  access  to  par ts  fo r  the  user  
in to  the  pa in t ing  ob jec t  i t se l f.  I t  i s  
o f ten  requ i red  to  reach  h idden  spots  
o r  in te rd ic ted  a reas ,  mak ing  the  task  
even  much  d i�cu l t  and  t i resome 
(opera tor  bend ing ,  lean ing ,  e tc . . )

needs  fo r  a  more  comfor tab le  a rea  
to  opera te :  no ise ,   v ib ra t ions  and  
many  workers  in  the  same 
workspace  make i t  a  con fus iona l  
env i roment .  Concent ra t ion  i s  hard  to  
be  kept  fo r  many  hours  and  too ls  in  
the  space  in te rphere  w i th  movement  
and  ges tu res  ( the  tube  i t se l f  e .g . )

work station

painting object

noise & obstacles

User research Workframe

Workframe

1. Preparing the surface

We have subdivided each di�erent action done during work by sprayers.

Actions included:

Grinding surfaces;
Polishing;
Cleaning surfaces;
Removing dust/defects;
Applying masks/stencils;
Using pre-treatment paints.

https://www.youtube.com/watch?v=Qrz9wnaLPP4

User research Workframe

Workframe
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We have subdivided each di�erent action done during work by sprayers.

Actions included:

Grinding surfaces;
Polishing;
Cleaning surfaces;
Removing dust/defects;
Applying masks/stencils;
Using pre-treatment paints.

https://www.youtube.com/watch?v=Qrz9wnaLPP4

User research Workframe

Workframe

2. Preparing the paint / the tools

Actions included:

Wearing all protections;
Assembling;
Managing little parts;
Moving paint conteiners;
Mixing paint components;
Filtering paint;
Filling tools.

https://www.youtube.com/watch?v=iJHa-6E9LRA
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interferes in user movements.

https://www.youtube.com/results?search_query=industrial+sprayer
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User research Workframe
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Di�culties for sprayer in potential situations

Di�culty access area for the 
worker, potentially using of 

other tools (stairs, etc..)

Di�culty access parts for the 
user into the object itself.
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key aspects related to practice

pa in ter  work in  in  cab in

pa in ter  reach ing  ob jec t  a reas

pa in ters  work ing  in  w ider  spaces

[N] https://www.youtube.com/watch?v=uAjr4bLquRM

[H]

[H]

[H]
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To  ana lyze  workspace  and  work ing  cond i t ion  fo r  
indus t r ia l  pa in te rs  i  s ta r ted  by  in te rpre t ing  
resu l t s  o f  ques t ionna i res  spreaded wi th in  varn i -
sher  communi t ies .  The  resu l t s  were  very  use fu l  
to  dep ic t  indus t r ia l  s i tua t ion  fo r  the  sec tor  by  
p rov id ing  a  genera l  idea  about  compan ies  s i ze ,  
workspace  s t ruc tu re ,  da i l y  rou t ine ,  tasks  and  
key  aspects  re la ted  to  the  prac t i ce .
I  was  ab le  to  ind iv iduate  and  define 3  ma in  
work ing  scenar ios  where  pa in t ing  ac t i v i t y  takes  
p lace  and  i s  a t  the  center  o f  workflow.
Work ing-ambient  may  vary  depend ing  on  compi -
nes  s i ze ,  opera t ing  fie ld  and  opera t iona l  
workflow o f  a  the  g iven  ac t i v i t y.
In  genera l  the  work ing  ambient  fo r  indus t r ia l  
pa in te rs  can  be  seen  as  a  very  no isey  and  
d is tu rb ing  work ing  ambient ,  spray ing  gun  v ib ra -
tes  a  lo t  and  i s  loud ,  powder  spread ing  in  the  
room i s  l im i t ing  v iew fie ld ,  the  worker  i s  usua l l y  
invo lved  in  mu l t ip le  tasks  w i th  d i�erent  too ls ,  
o f ten  in  coopera t ion  w i th  o ther  workers  mov ing  

and  hand l ing  in  same p laces .  [L]

I n  the  fo l lowing  pages  i  summar ized  what  can  
be  seen  as  the  key  aspects  o f  the  3  d i�erent  
work ing  scenar ios  re la ted  to  indus t r ia l  
pa in te rs .  I  t r ied  to  under l ine  and  h igh l igh t  
key - fea tures  and  b l ind-spos ts  energed to  be  
influent  in  the  da i l y  rou t ine  o f  indus t r ia l  sprayer  
workers .
The  ins igh ts  were  taken  by  ques t ionna i res  and  
in -s i te  observa t ion  and  in te rv iew.
Before  the  undergo ing  Cov id - 19  i  had  the  
chance  to  v i s i t  two  d i�erent  pa in t ing  ac t i v i t ies ,  
a round the  a rea  o f  Varese,  in  the  ne ighbouhood 
o f  my  own town.  These  tes t imony  were  very  
use fu l  to  bet te r  define the  user  aspect  and  
insp i r ing  fo r  the  ground ing  o f  my  thes is .

-  Decover  s r l  h t tps : / /www.decovers r l . i t /
-  R igo  h t tp : / /www.r igosr l .com/home.h tml

di�erent case studies
Working ambient
 

pa in ter  reach ing  a  d i�cu l t  a rea[I]
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the  sma l les t  workspace  to  opera te  fo r  a  
varn isher.  I t  cons is ts  in  a  s ing le  b l ind  room 
wi th  a i r - rec i rcu la tory  sys tem and  a la rm 
embedded.
I t  i s  meant  fo r  ind ivdua l  job  or  fo r  a  
max imum of  2  peop le  (depend ing  on  the  
amount  o f  space ) .
Spaces  a re  very  t igh t ,  ges tu res  a re  
compromised  and  v i s ib i l i t y  i s  reduced (by  
fog  accumula t ion ) .  Usua l l y  dota ted  o f  
cont ro l  and  emergency  sys tems to  mon i to r  
room s ta tus  and  worker  cond i t ion .  An  
emergency  but ton  i s  p resent  fo r  ca l l i ng  
ass i s tance  in  case  o f  need by  the  opera tor.

sma l l  to  med ium wokspaces  usa l l y  we l l  
vent i la ted  and  w i thout  soph is t i ca ted  
in tegra ted  sa fe ty  sys tems.  F rom 1  to  4  
workers  a re  usua l l y  opera t ing  a t  the  same 
t ime in  th i s  env i roment  p rac t i c ing  ac t i v i t ies  
ind iv idua l l y  o r  jo ined .  Th is  configura t ion  i s  
usua l l y  adopted  fo r  saml l - to -med ium 
compan ies  and  mukt ip le  tasks  o f  d i�erent  
k inds  can  be  unwined a t  the  same t ime.

open rooms or  sheds  tha t  can  rece ive  more  
workers .  Usua l l y  th i s  k ind  o f  spaces  a re  
subd iveded in to  work ing  a reas  where  
d i�erent  tasks  a re  per f romed by   s ta t ionary  
o r  mov ing  opera tors .  Spaces  a re  w ide  and  
open,  o f ten  we l l  vent i la ted  and  i l l uminated .  
The  work ing  ambient  can  be  c rowded and  
co-opera t ion  between workers  i s  common to  
take  p lace  over  the  da i l y  work ing  cyc le .

painting shed

varnishing cabinet

spray booth15  -  45  m 
2

60  -  200 m 
2

>  200 m 
2
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mask  drop-o�  i s  an  opera t ion  
tha t  can  be  per fo rmed by  user  
dur ing  work ing  ac t i v i t y.  The  
ac t ion  i s  in tended fo r  the  
purpose  o f  re f resh ing  and  
prov id ing  a  b reath ing  res t  fo r  
the  user  when tak ing  a  b reak  
f rom regu la r  ac t i v i t y.  O f ten  the  
drop-o�  i s  per fo rmed when the  
user  i s  s t i l l  under  exposure  o f  
contaminants  and  fi t -check  i s  
ra re ly  per fo rmed when wear ing  
the  mask  aga in

a  lo t  o f  d i s tu rbance  i s  b rought  
in  the  work ing  ambient  by  
s imp ly  us ing  the  work ing  too ls .  
Indus t r ia l  spray ing  sys tems can  
cause  a  lo t  o f  v ib ra t ions  and  
no ise  when in -use  (mak ing  i t  
hard  to  man ipu la te ) .  Fogg ing  i s  
caused by  p igment  d i�us ion  

in  some env i roments  workers  
may  have  to  coopera te  and  
ac t i ve ly  co l labora te  dur ing  
da i l y  rou t ine .  Wear ing  a  mask  
can  hard ly  compromise  
e�c iency  in  communica t ions  
and  v iew fie ld ,  l im i t ing  those  
opera t ions

when prepar ing  pa in t  and  
se t t ing  too ls  many  vo la t i le  
compounds  and  harmfu l  
contaminants  a re  spread ing  in  
the  work-ambient .  O f ten  these  
opera t ions  a re  per fo rmed by  
user  w i thout  wear ing  the  
cor rec t  PPE  and  
underes t imat ing  r i sk  exposure

mask drop-o�

noise and vibration

co-operation

tools setting

!

!
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mask  i s  ad jus ted  and  fi t ted  
everyday  before  work ing .  
Regu la r  and  comple te  s teps  fo r  
mask  wear ing  have  to  be  
fo l lowed and  sa fe ty  fi t -check  
has  to  be  per fo rmed.
Of ten  fi t -check  i s  sk ipped and  
mask  i s  worn  in  pa in t ing  
ambient ,  l a te ly  

worker  a re  p repar ing  
themse lves  and  the i r  
equ ipment  in  the  chang ing  
room before  work ing  ac t i v i t ies .  
Persona l  mater ia l  i s  s to red  in  
lockers  and  p icked  fo r  da i l y  
use .  PPE  and  work ing  too ls  a re  
washed and  res tored  everyday  
a f te r  use  by  opera tors ,  fi l te rs  
and  exp i red  good are  managed 
by  opera tor  in  au tonomy

spaces  a re  t igh t  and  
env i roment  i s  very  c rowded.  
Ges tures  and  movement  a re  
compormised  by  sur round ing  
space,  obs tac les ,  o ther  team 
members  ac t i v i t y,  l im i ted  
v i s ib i l i t y  and  pa in t ing  
tub ing /garments  overa l l .  Bu lky  
and  heavy  ins t ruments  
cons t i tu te  obs tac les  in  the  da i l y  
workflow

Contextual key points
 

mask setting

garment maintenance

tight spaces

!

xxxxx

xxxx
xx
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As  prev ious ly  sa id ,  the  genes is  o f  the  pro jec t  
was  hard ly  influenced by  user  tes t imon ia l s .
I  had  the  chance  to  get  in  touch  and  in te rv iew 
many  workers  work ing  in  the  pa in t ing /varn i -
sh ing  fie ld  and  co l lec t  they ’ re  fee l ings  about  
the  use  o f  negat i ve  p ressure  resp i ra to ry  masks .

I  was  as ton ished by  the  number  o f  feedbacks  i  
rece ived ,  bu t  what  surpr i sed  me most  has  been  
the  very  bad  fee l ing  compla ined  by  most  in  
regard  o f  the  worn  PPE .  
Most  o f  the  face-p iece  were  dec la red  to  be  
unsu i tab ly  o r  h igh ly  d i scomfro tab le ,  o f ten  
sub jec t  to  regu la t ion  or  d rop-o�s  to  take  
breathe.  The  very  bad  impress ions  co l lec ted  
and  the  deta i led  descr ip t ion  o f  the  fee l ing  
induced by  the  mask  on  user ’s  face  he lped  me a  
lo t  to  define e  conceptua l i ze  the  cur ren t  
p ro jec t .  The  fo l lowing  comments  were  marked 
down by  users  impress ion  on  the  use  o f  negat i -
ve  ha l f - face  masks :

grounding impressions
3.4  User Testimony
 

“  I  ra re ly  have  my mask  on  “
Mauro  C.

“  I t  hur ts !  “
Mat teo  F.

“  I  don’ t  fee l  i t  comfrotab le  on  my face“
Mat t ia  B .

“  I t  ru ins  my  ha i rs  “
A l i ce  M.

“  I t  r ips  my  ha i rs  “
Frncesca  P.

“  I t  doesn’ t  fi ts  me!  “
E l ia  G .

“  I  bare ly  pass  the  fi t - tes t  th resho ld  “
C inz ia  M.

p ic tu res  o f  workers  wear ing  resp i ra to ry  maks

[L]
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misuse
 

risk underestimation 

comfort

A second l i s t  o f  key  po in ts  i s  l i s ted  and  
accumunated  by  the  procured  d iscomfor t  to  the  
user.  
A lmost  every  user  ana lyzed  and  in te rv iewed 
dec la red  f rus t ra t ions  aga ins t  mask  wear ing  
procedure  and  lack  o f  fi t t ing  and  face  
adapt i v i t y,

A  fi rs t  bunch  o f  user  impress ions  were  co l lec ted  
and  resumed in  those  fea tu res  ident ified  as  
expos ing  the  user  to  danger.  Th is  k ind  o f  
behav iours  a re  ma in ly  sca tu ra ted  by  a  misuse  
or  underes t imat ione  o f  the  ro le  o f  PPE  dur ing  
the  work ing  ac t i v i t y.

worker  (exper ienced worker  espec ia l l y )  tend  to  
underes t imate  the  r i sk  exposure  and  o f ten  do  
not  wear  PPE .  Th is  happens  most l y  dur ing  
mid-opera t ions  (po l i sh ing ,   sand ing ,  pa in t  
m ix ing )

misuse
 
of ten  PPE  a re  not  cor rec t l y  worn ,  o f ten  dyur ing  
qu ick  and  “spot”  work  opera t ions .  Laces  a re  not  
cor rec t l y  tens ioned and  fi t - tes t  i s  no t  per fo rmed 
a t  every  new wear ing

safety concerns
 
even  in  those  worker  fo l lowing  the  ru le  and  
wear ing  the  mask  by  car ing  o f  each  s tep  
dep ic ted  in  the  procedures  there  a re  some 
concerns  about  comple te  adapt i v i t y  on  the  
mask  to  the  face.  Leackage and  gaps  a re  
suspected  by  those  worker  wear ing  a  mask  w i th  
beard  or  fac ia l  ha i r s

size shades 

many  user  a re  compla in ing  too  sma l l  o r  too  b ig  
masks  fo r  the i r  v i sage.  Th is  i s  the  case  o f  many  
women t ry ing  to  fi t  a  b igger  mask  and  end ing  a t  
the  boarder  w i th  the  requ i red  fi t - fac tor.
Masks  a re  usua l l y  p rov ided  in  S -L -M s i zes

high tension
 
af te r  hours  o f  work  users  a re  su�er ing  mask  
compress ion  aga ins t  face .  Laces  has  to  be  
tens ioned in  the  r igh t  amount  to  guarantee  a  
sa fe  sea l  over  v i sage ;  the  tens ion  i s  manta ined  
dur ing  the  wo le  dura t ion  o f  the  job,  thus  
c rea t ing  a  lo t  o f  pa in  and  d iscomfor t  to  the  user

wearing inconvenience
 
even  in  those  worker  fo l lowing  the  ru le  and  
wear ing  the  mask  by  car ing  o f  each  s tep  
dep ic ted  in  the  procedures  there  a re  some 
f rus t ra t ion  re la ted  to  the  compl ica ted  and  bu lk  
ges tu res  requ i red  to  cor rec t l y  wear  the  PPE .  
Many  users  dec la red  to  s t rugg le  when wear ing  
the  mask .
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milestones of the process
4.0  The journey behind the PUMP project
 

Bachelor workshop PoliMi x BLS
 

The conceptua l i za t ion  o f  the  PUMP pro jec t  
da tes  back  to  2019,  where  i t  was  genera ted  
dur ing  a  3  day  workshop tak ing  p lace  in  Po l iM i  
and  invo lv ing  compan ies  and  group  o f  s tudents .
The  workshop was  he ld  by  BLS ,  par tner  
company  o f  the  workshop and  key  manufac tu rer  
o f  resp i ra to ry  p ro tec t i ve  p roducts .  In  th i s  
occas ion  i  had  the  chance  to  get  in  touch  fo r  the  
fi rs t  t ime wi th  the  company  and  to  p resent  the  
f resh-born  concepts  in  fo rn t  o f  an  aud ience.  In  
th i s  occas ion  a  very  p r imord ia l  idea  o f  the  
PUMP was  a l ready  t raced  and  co l lec ted  many  
approva ls  between specta tors .
I  s ta r ted  an  au tonomus  co l labora t ion  w i th  BLS  
in  the  in ten t  o f  improv ing  and  fu r ther  
inves t iga t ing  the  concept .  A f te r  a lmost  a  year  
o f  work  i  had  the  chance  to  jo in  BLS  team to  
in te rna l l y  work  and  ded ica te  myse l f  to  the  
pro jec t .  The  fo l lowing  s teps  can  be  seen  as  the  
mi les tones  fo l lowed fo r  the  deve lopment  o f  th i s  
p ro jec t :  

Dur ing  the  3 rd  year  o f  Indus t r ia l  P roduct  
bache lor  degree  a t  Po l i tecn ico  d i  M i lano  i  
jo ined  a  cur r i cu la r  workshop in  par tnersh ip  w i th  
BLS .  I  worked  wi th  o ther  2  co l leagues  in to  the  
deve lopment  o f  a  h igh ly  innovat i ve  mask  
concept ;  in  the  concept  (Rept i l ) ,  be tween many  
fea tu res  p resented ,  the  fi rs t  theor i za t ion  o f  the  
PUMP concept  and  the  adapt i ve  fi t t ing .  The  
workshop ended wi th  an  e leva tor  p i t ch  in  f ron t  
o f  an  aud ience  where  every  g roup  had  the  
occas ion  to  p resent  the  f resh-born  concepts ,  
ga in ing  much  a t ten t ion  in  th i s  occass ion .

 

Autonomus implementation
 
Af te r  a  few months  I  go t  contac ted  by  the  
company  (BLS ) ,  in te res ted  in to  the  deve lopment  
o f  severa l  aspects  o f  the  pro jec t .  We dec ided  to  
car ry  on  an  au tonomus  inves t iga t ion  and  
deve lopment  o f  the  pro jec t .  I  dec ided  to  focus  
on  the  spec ific i t y  o f  the  adapt i ve  fi t  and  to  d ig  
deeper  in  the  ques t ion .
I  began  the  fi rs t  s tud ies  in  the  fie ld ,  in i t i a l  
research  on  mater ia l s  was  made and  
pre l im inary  p ro to types  were  car r ied  out .
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1st year Design Engineering Design Studio
 
Coinc idence  wanted  me and  BLS  to  meet  
together  aga in .  Dur ing  the  1s t  year  o f  Mas ter  
Degree  a t  Po l iM i  in  Des ign  Eng ineer ing  i  had  
the  chanche  to  work  aga in  w i th  BLS ,  as  par tners  
o f  our  2nd  semester  Des ign  Stud io.  In  th i s  
occas ion  the  top ic  was  a round PAPRs  (pos i t i ve  
p ressure  sys tems )  bu t  i t  gave  me the  
oppor tun i ty  to  fu r ther  inves t iga te  resp i ra to ry  
p ro tec t ion  fie ld  and  to  b r ing  on  o ther  in te rv iews  
and  ques t ionna i re  about  the  researched top ic .

 

BLS Intership
 
At  the  po in t  o f  comple t ing  my  course  o f  s tudy  
me,  together  w i th  the  company,  dec ided  to  s ta r t  
an  in te rsh ip  in  o rder  to  work  and  imp lement  the  
concept  o f  the  PUMP and  the  adapt i ve  fi t .  
I  jo ined  BLS  team one year  ago,  work ing  in  the  
Techn ica l  Depar tment  and  the  s tage  was  
prorogated  to  1  year  to  get  enough t ime to  b r ing  
on  the  pro jec t .  In  th i s  t ime,  between many  o ther  
th ings ,  i  had  the  chance  to  ded ica te  myse l f  a t  
the  pro jec t ,  by  rea l i z ing  and  tes t ing  many  
pro to types  and  reach ing  a  very  mature  phase  o f  
the  deve lopment .  

 

workshop autonomus
development

design
studio

intership

2019 2020 2020 2021

concept firs t  p ro to types deve lopment eng ineer ing
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deepening of company profile
4.1  The company
 

BLS i s  pos i t ioned in  the  market  as  a  company  
opera t ing  in  the  fie ld  o f  resp i ra to ry  hea l th ,  
spec ifica l l y  i t  has  been  dep loyed  fo r  over  70  
years  a longs ide  workers  and  opera tors  to  
ensure  the  pro tec t ion  o f  the  resp i ra to ry  t rac t  
and  max imum per fo rmance.

BLS  opera tes  ma in ly  in  the  B2B market ,  
spec ia l i zes  in  p rov id ing  suppor t  and  IPR  fo r  
va r ious  ac t i v i t ies  in  very  d i spara te  sec tors .  I t  
a l so  p rov ides  a  w ide  range o f  resp i ra to ry  
p ro tec t ion  products :  f rom d isposab le  fi l te r ing  
face  masks ,  to  reusab le  ones ,  to  ha l f  masks  
w i th  in tegra ted  and  non- in tegra ted  fi l te rs ,  up  to  
the  des ign  and  product ion  o f  fu l l - face  masks ,  
fi l te rs  and  accessor ies  to  suppor t  the  sys tem.  A  
vas t  ca ta log  and  met icu lous  a t ten t ion  to  the  
product  p lace  BLS  among the  leaders  in  the  
sec tor,  compar ing  i t se l f  w i th  compan ies  o f  the  
ca l iber  o f  3M,  Mo ldex ,  Draeger.
Innovat ion ,  research ,  deve lopment  and  des ign  
a re  fundamenta l  d r i vers  fo r  BLS  tha t  make i t  a  
dynamic  rea l i t y  in  s tep  w i th  the  t imes ;  in  
cons tan t  research  and  inves tment  fo r  the  
launch  o f  new products ,  conce ived  and  
deve loped wi th  the  suppor t  o f  the  Po l i tecn ico  
and  numerous  o ther  p layers .

And  i t  i s  p rec ise ly  between these  two rea l i t ies  
tha t  my  journey  a t  BLS  beg ins :  f rom a  th ree-ye-
ar  workshop as  a  s tudent ,  to  my  ent ry  in to  the  
company 's  Techn ica l  O�ce.
My  ro le  w i th in  the  company  was  a t  the  Techn ica l  
O�ce,  spec ifica l l y  I  was  invo lved  in  p roduct  
des ign ,  research  and  deve lopment .  On  the  r igh t  
a  schemat ic  o f  the  company  organ iza t ion  char t  
and  the  var ious  depar tments  I  had  to  dea l  w i th  
dur ing  the  ac t i v i t y.
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Current situation
 
The per iod  undergone between 2020-2021  w i l l  
be  remembered  by  many  as  the  sars -Cov id19  
pandemic .
In  a  per iod  o f  na t iona l  and  in te rna t iona l  hea l th  
emergency  such  as  the  one  tha t  has  jus t  passed  
and  i s  underway,  a  rea l i t y  l i ke  BLS  i s  led  to  p lay  
a  ro le  a t  the  fo re f ron t .  For  th i s  reason  the  
product ion  cyc les  and  l ines  used  fo r  the  
product ion  o f  fi l te r  masks  FFP2 and  FFP3  have  
had  an  inc rease  l i ke  never  be fore  in  h i s to ry,  
go ing  th rough  in tens ive  cyc les  and  requ i r ing  
e�or ts  above  expecta t ions .  The  pandemic  has  
favored  and  encouraged the  deve lopment  o f  
techno log ies  and  innovat ion  in  the  wor ld  o f  
resp i ra to ry  p ro tec t ion .
I t  i s  there fore  an  honor  as  we l l  as  a  p r ide  to  
have  been  ab le  to  cont r ibu te  in  th i s  phase.

president

CEOCDO HR

engineeringoperationalfinancialcommercialcustomer quality c.tech. office

BLS h ie ra rch ica l  in te rna l  o rgan iza t ion
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sea l ing  bags  used  in  the  packag ing  indus t ry

project drivers
4.2  Inspiration
 

When approach ing  the  des ign  and  defin i t ion  
phase  o f  the  PUMP pro jec t  i  went  ou t  scout ing  
fo r  s im i la r  o r  mot iva t iona l  re fe rences .
I  cou ld  define 3  macro-ca tegor ies  o r  d r i vers  
w ich  were  o f  much  insp i ra t ion  dur ing  the  des ign  
process  and  fundamenta l  fo r  the  deve lopment  
o f  severa l  techn ica l  and  eng ineer ing  aspects  o f  
the  fina l  so lu t ion .  A  s im i la r  work ing  pr inc ip le  
found in  o ther  so lu t ions  on  market  (app l ied  to  
o ther  ca tegor ies  o f  p roducts )  p rooved the  
v iab i l i t y  o f  the  pro jec t .

A l l  the  so lu t ion  repor ted  have  in  common the  
use  o f  p ressur i zed  a i r  to  obta in  a  cer ta in  k ind  o f  
de format ion .  The  des i red  e�ect  i s  reached by  
s t i�en ing  or  re lax ing  the  des igned body  by  
fo rc ing  an  a i r  flow and  a i r  p ressure .  The  prec ise  
ac t ion  can  be  ca l ib ra ted  by  the  geomet ry  o f  the  
body /cav i t y  and  in  the  examples  ana lyzed  the  
opera t ions  a re  car r ied  out  by  the  products  in  a  
very  e�c ient  way.

Insp i ra t ion  came f rom 3  d i�erent  case  s tud ies ,  
repor ted  by  fo l lowing :

-  Anes thes ia  cush ion  mask

-  Reebok  Pump sneakers

-  So f t  robot  app l i ca t ions

In  the  nex t  pages  each  ca tegory  w i l l  be  exp la i -
ned  by  h igh l igh t ing  p in ts  in  common wi th  the  
PUMP pro jec t .
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ANESTHESIA CUSHION MASK

SOFT-ROBOT

REEBOK PUMP
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Typ ica l l y,  face  masks  a re  made f rom a  c lear  
p las t i c  o r  rubber  tha t  a l lows  the  pa t ien t 's  mouth  
and  nose  to  be  seen  so  tha t  fo re ign  mater ia l  
(e .g . ,  vomi tus ,  b lood )  and  condensat ion  may  be  

observed .  [A] 
 

Anesthesia cushion mask

air cushion + valve

transparent rigid crown

hook ring

HDPE

PVC
PC

PVC
SILICONE

RUBBER

color coding hook ring 
for easy size identification

soft clear crown design for 
better patient observation

leak-proof, soft and 
comfortable seal cushion 
in facial contoured design;
clear material for patient 
observation;
valve cushion allows for 
adjustment of cushion air 

anes thes ia  mask  compponents  and  mater ia l s

Anes thes ia  face  masks  a re  rubber  o r  s i l i cone  
masks  tha t  cover  both  the  mouth  and  nose  o f  
the  pa t ien t .  Face  masks  a re  used  to  de l i ver  O2,  
N2O-O2,  and/or  o ther  inha la t ion  anes thet i cs  
be fore /dur ing /a f te r  anes thet i c  p rocedures .  
Because  o f  the  var ia t ions  in  the  s i ze  and  shape 
o f  faces ,  severa l  d i�erent  s i zes  o f  face  masks  
shou ld  a lways  be  ava i lab le .
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Analysis - inspirational

surgical use

aircushion mask is 
designed for 
anesthesia, respiratory 
or resuscitation

different sizes

Different Sizes 
available depending 
on user
Size # 0, 1, 2, 3, 4, 5, 6

air cushion

soft light weight air 
cushion offers patient 
great comfort

disposable

single patient use 
to prevent cross 
contamination

VALVE + PVC 
soft cushion

PVC 
rigid crown

AIR CUSHION 
mask

ANTISTATIC 
mask

NO AIR CHAMBER 
mask

VALVE + RUBBER 
soft cushion

PC 
rigid crown

SILICONE
soft interface

PC 
rigid crown

anes thes ia  mask  combinat ion  on  marketanes thes ia  mask  ma in  fea tu res

Many  d i�erent  connectors  o f  va r ious  mater ia l s  
and  shapes  a t tach  the  face  mask  to  the  
anes thes ia  c i rcu i t ,  cont inu ing  to  connect  to  the  
mach ine.  The  mask  can  be  infla ted  and  gent l y  
compressed  aga ins t  pa t ience  face  to  l im i t  

leackeage dur ing  admin is t ra t ion .  [B]

The  case  s tudy  o f  the  anas thes ia  mask  i s  much  
re levant  to  my  pro jec t  and  a l so  shares  some 
aspects  in  common.  F i r s t ,  bo th  concepts  a re  
meant  fo r  ha l f - face  resp i ra to ry  masks ,  accomu-
nat ing  them by  product  ca tegory ;  on  the  second 
hand they  both  share  a  pneaumat ic  sea l ing  

sys tem in  the  oronasa l  a rea .  [C]
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anes thes ia  mask  d i�erences ,  b rands  and  presence  on  market

oronasal with inflatable air cushion

camera d’aria
(no valve)

oronasal with soft body
(no air chamber)

antistatic oronasal (rubber - no valve)

reusable

comfort elevato

low leak

high performing cushion
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anes thes ia  mask  dur ing  use
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Reebok Pump sneakers

The Reebok  Advanced Concepts  (RAC)  team,  
c rea ted  in  the  la te  1980s ,  was  ded ica ted  to  
g iv ing  l i fe  to  the  most  innovat i ve  ideas  on  
beha l f  o f  the  famous  brand  and  soon  became a  
po in t  o f  re fe rence  in  the  sneakers  un iverse .  
There  have  been  many  c rea t ions  and  invent ions  
o f  the  group,  such  as  the  sp l i t  so le ,  the  DMX 
techno logy  and  the  3D U l t ra l i te  midso le ,  bu t  
among a l l  the  Pumps  they  s t i l l  remain  an  i con  
tha t  makes  peop le  ta lk  about  themse lves .

In  1989,  on  the  mode l  o f  the  h igh- top  sneakers  
o f  the  la te  80s  and  ear l y  90s ,  Reebok  launched 
the  PUMP shoes ,  wh ich  soon  became the  
brand 's  ca l l ing  card  in  the  wor ld  o f  basketba l l .  
C rea ted  f rom an  idea  by  the  leader  o f  the  RAC 
group,  Pau l  L i t chfie ld ,  the  PUMPs  represented  
no  smal l  cha l lenge,  as  ideas  fo r  s im i la r  p ro jec ts  
were  a l ready  c i rcu la t ing  a t  the  t ime.  As  repor -
ted  in  the  Reebok  a rch ive ,  the  PUMP techno logy  
i s  equ ipped wi th  in tegra ted  a i r  chambers  tha t  
infla te  o r  deflate  to  a l low the  par ts  o f  the  shoe  
tha t  wrap  a round the  ank le  to  adapt  to  the  foot ,  
p rov id ing  s tab i l i t y  and  suppor t .  The  des ign  o f  
the  pneumat ic  cages  has  been  care fu l l y  s tud ied  
in  o rder  to  a l low on ly  a  l im i ted  amount  o f  a i r  to  
reach  the  most  flex ib le  par ts  o f  the  foot  and  

suppor t  movement .  [D]
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working principle 

The a rch i tec tu re  o f  Reebok  Pump Sneakers  has  
much  in  common wi th  The  Adapt i ve  F i t  PUMP 
deve loped fo r  th i s  p ro jec t .  
Study ing  Reeboks  case  s tudy  he lped  me a  lo t  
dur ing  the  eng ineer ing  phase  and  w i th  the  
in te rpre ta t ion  o f  key  components  to  be  used  in  

a  flex ib le /pneumat ic  sa fe ty  sys tems.  [E]

Reeboks  PUMP concept  was  conce ived  under  
the  marco-ca tegory  o f  Spor ts ,  in  the  spec ific  the  
concept  was  in tended to  p rocure  h igher  
per fo rmance  to  p ro fess iona l  a th le te  ca tegor ies .  
Same as  fo r  the  sneaker  the  pro jec t  a ims  to  
p rov ide  a  h igh-per fo rmance  fi t ,  be ing  sa fe  and  

comfor tab le  a t  the  same t ime.  [F]
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Soft robots

so f t  robot  work ing  pr inc ip le

The  goa l  o f  so f t  robot ics  i s  the  des ign  and  
cons t ruc t ion  o f  robots  w i th  phys ica l l y  
flex ib le -bod ies  and  mechan ics .  Somet imes  
so f tness  i s  l im i ted  to  par t  o f  the  mach ine.  For  
example ,  r ig id -bod ied  robot ic  a rms  can  employ  
so f t  end  e�ectors  to  gent l y  g rab  and  man ipu la te  
de l i ca te  o r  i r regu la r l y  shaped ob jec ts .  
However,  the  fie ld  o f  so f t  robot ics  genera l l y  
leans  toward  mach ines  tha t  a re  p redominate ly  
o r  en t i re ly  so f t .  Robots  w i th  en t i re ly  so f t  bod ies  
have  t remendous  potent ia l .  For  one  the i r  
flex ib i l i t y  a l lows  them to  squeeze  in to  p laces  
r ig id  bod ies  cannot ,  wh ich  cou ld  p rove  use fu l  in  
d i sas ter  re l ie f  scenar ios .  So f t  robots  a re  a l so  
sa fer  fo r  human in te rac t ion  and  fo r  in te rna l  
dep loyment  ins ide  a  human body.

Nature  i s  o f ten  a  source  o f  insp i ra t ion  fo r  so f t  
robot  des ign  g iven  tha t  an ima ls  themse lves  a re  
most l y  composed o f  so f t  components  and  they  
appear  to  exp lo i t  the i r  so f tness  fo r  e�c ient  
movement  in  complex  env i ronments  a lmost  
everywhere  on  Ear th .  Thus ,  so f t  robots  a re  
o f ten  des igned to  look  l i ke  fami l ia r  c rea tures ,  
espec ia l l y  en t i re ly  so f t  o rgan isms  l i ke  
oc topuses .  However,  i t  i s  ex t remely  d i�cu l t  to  
manua l l y  des ign  and  cont ro l  so f t  robots  g iven  
the i r  low mechan ica l  impedance.  The  very  th ing  
tha t  makes  so f t  robots  benefic ia l  ( the i r  
flex ib i l i t y  and  compl iance )  makes  them d i�cu l t  
to  cont ro l .  The  mathemat ics  deve loped over  the  
pas t  centur ies  fo r  des ign ing  r ig id  bod ies  
genera l l y  fa i l  to  ex tend  to  so f t  robots .  Thus ,  
so f t  robots  a re  commonly  des igned in  par t  w i th  
the  he lp  o f  au tomated  des ign  too ls ,  such  as  
evo lu t ionary  a lgor i thms ,  wh ich  enab le  a  so f t  
robot 's  shape,  mater ia l  p roper t ies ,  and  
cont ro l le r  to  a l l  be  s imu l taneous ly  and  
au tomat ica l l y  des igned and  opt im ized  together  

fo r  a  g iven  task .  [G] 
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examples  o f  so f t - robot  ac tua tors

A  so f t  robot  can  definet l y  be  cons idered  a  
compl ian t  mechan ism.  By  accura te ly  des ign ing  
i t s  geomet ry  i t  i s  poss ib le  to  cont ro l  the  
behav iour  o f  the  body  and  to  p rogram 
deformat ion .  In  th i s  way  geomet ry  and  pat te rns  
can  reproduce  a  ges tu re  or  mot ion  when fi l led  

by  a i r  o r  reached by  a  flu id  flow.  [H]

A  very  s im i la r  work ing  pr inc ip le  has  been  
app l ied  and  researched fo r  the  deve lopment  o f  
the  PUMP pro jec t ;  fo r  th i s  reason  the  s tudy  o f  
so f t - robots  ca tegory  was  very  p rec ious  and  
use fu l  to  my  research .
I t  i s  very  hard  to  p red ic t  and  cor rec t l y  des ign  
so f t  robots  and  flex ib le  bod ies  in  genera l .  Body  
deformat ion  and  sub jec t ion  to  a i r  flow can  be  
hard  to  p red ic t  and  requ i re  many  tes t ing  to  be  
defined and  deta i led .  Some o f  the  reasons  
re la ted  to  th i s  l im i ta t ion  can  be  seen  as :

-  flex ib le  bod ies
-  so f t  mater ia l s
-  requ i red  pressure
-  de format ion  range
-  manufac tu rab i l i t y
-  repeat ib i l i t y  o f  the  process
-  re l iab i l i t y  o f  the  des i red  ac t ion

Compl iant  mechanism 

Compl iants  are  s t ructures  

subst i tut ing  t radi t ional  and 

mechanica l  e lements  by  performing 

the  same task  us ing int r ins ic  

geometry  and mater ia l  propert ies

 

so f t  robot  de formed under  a i r  p ressure

sof t  robot  re laxed  body
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di�erences among people



03.1 Ana l i s i  u ten t i

27%

23%

30%

5%

11%

4%
Nord Amer ica

Europe

Asia  and Pac ific

Sud Amer ica

Middle-East

Afr ica

Product  deve lopment

[A] source :  h t tps : / /www.verac iouss ta t i s t i cs research .com/ research-s tudy /d isposab le - face-masks-market /

5 .0
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Introduction to the analysis

Focus on disposable global market dirstibution

In  th i s  chapter,  the  figure  o f  the  user  has  been  
ana lyzed  in  g rea ter  deta i l .  Par t i cu la r  a t ten t ion  
has  been  pa id  to  the  phys iognomic  and  an thro-
pomet r i c  ques t ion .  Cons idera t ions  and  exp lora -
t ions  w i l l  be  repor ted  be low regard ing  the  
d i�erent  charac ter i s t i cs  tha t ,  in  each  ind iv idua l ,  
cont r ibu te  to  defin ing  the  fac ia l  fi t t ing .  The  
purpose  o f  the  fo l lowing  s tudy  i s  to  get  
acqua in ted  w i th  the  indexes  and  key  measures  
o f  the  human face  fo r  the  cor rec t  s i z ing  and  
concept ion  o f  the  "Un iversa l  F i t t ing"  sys tem;  i t  
a l so  serves  to  ana lyze  the  e lements  tha t  cont r i -
bu te  to  defin ing  the  comfor t  o f  the  mask  on  the  
face.

5.0  Core of the project
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5.1  Relevant di�erences
 Mapping of anthropomorphic di�erences in faces in di�erent regions of the globe

S.  Amer icaN.  Amer ica Europa Af r i ca Med Or ien te As ia
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Ova l C i rcu la r Ob longe

Tr iangu la ted Squared Diamond

A-Tr iangu la ted Rectangu la r Hear t
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Mapping of facial shapes and forms

Parameters that a�ect the fit/comfort of the mask:

- physiognomy

- ethnicity

- age 

- gender

- beard/moustaches

- hair-style

- ears

- neck

- ear rings

- glasses

- other accessories
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A

F

L

K

E

D

H
B

G

I

J
C

Product  deve lopment

[B] source :  h t tps : / /www. js tage. j s t .go. jp /a r t i c le / indhea l th 1963/41 / 1 /4 1_ 1_8 /_pdf
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Physiognomic and anthropometric analysis 4.2 
Parametric investigation of the human face

Front  V iew Side  V iew

Biec toorb i ta le  Breadth  (ECTO)A

Bizygomat ic  B readth  (ZYGO)  f -w id thB

Bigon ia l  B readth  (BGON)C

Menton-Nas ion  Length  (MN-N)  f - lengthD

Menton-SubNasa le  Length  (MN-S )E

Subnasa l -Nas ion  Length  (SU-N)F

Biocu la r  B readth  (B IOC)G

Nasa l  Root  Breadth  (NRBR)H

Nose Wid th  (NOSW)I

L ip  Wid th  ( L IPW)J

Bi t rag ion-Menton  Arc  (BTMA)K

Bi t rag ion-Subnasa le  Arc  (BTMS)L
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Reg ion

Cont inent

N.  o f  samples

Measurements

Product  deve lopment

[B] source :  h t tps : / /www. js tage. j s t .go. jp /a r t i c le / indhea l th 1963/41 / 1 /4 1_ 1_8 /_pdf
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[A]

The  12  measurements  ( shown in  the  figure )  a re  repor -

ted  accord ing  to  the  s tud ies ,  such  as  the  d imens ions  

d i rec t l y  re la ted  to  the  fi t t ing  per fo rmance  o f  the  mask  

(quar te r  and  ha l f  mask  resp i ra to rs ) .  In  par t i cu la r,  5  o f  

these  measurements  ( repor ted  in  the  tab les )  a re  

t ransversa l  to  most  o f  the  wor ld  popu la t ion ,  represen-

t ing  an  impor tan t  common donor  to  ach ieve  a  “un iver -

sa l  fi t t ing .”  Through  the  cor rec t  in te rpre ta t ion  o f  these  

parameters  l ies  one  o f  the  keys  to  ca l ib ra t ing  the  

U l t imate  F i t t ing  so lu t ion .  [C]

Data  obta ined by  the  Nat iona l  Anthropometr ic  Surveys  Korea,  Korea  Research  Ins t i tu te  o f  Standards  and Sc ience  (2000)  
Braz i le  e t  a l  . :  cons idered  on ly  fa i r - sk inned sub jec ts  
Un i t  o f  measurement :  mm

A

B

The tab les  in  the  figure  show phys iognomic  d i�erences  for  the  main  face  measurements  between East  and  West .

Critical dimension for correct fitting
5.3  Mapping the di�erences
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Face  width

Face  length

L ip  width

Nose Width

Nasa l  root  breadth

148  -  144

121  -  1 19

57  -  46

40 -  34

12  -  10

140 -  129

114  -  104

49 -  41

37  -  31

12  -  10

Korean

Male Female

147  -  128

131  -  1 12

61  -  47

39 -  25

18  -  1 1

135  -  123

122 -  100

55 -  40

37  -  26

16  -  9

Male Female

Amer ican

148 -  128

131  -  1 12

61  -  46

40 -  25

18  -  10

140 -  123

122 -  100

55 -  40

37  -  26

16  -  9

Male Female

Universa l
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On the  bas is  o f  the  parameters  h igh l igh ted ,  i t  i s  

poss ib le  to  define the  ent i re  spec t rum o f  s i zes  

necessary  to  guarantee  " to ta l "  coverage  o f  the  

un iversa l  fi t t ing  techno logy.  In  par t i cu la r,  i t  seems 

tha t  fo r  Caucas ians  the  d i�erences  in  the  ma in  

measures  o f  the  face  a re  g reater  than  in  o r ien ta l  

ind iv idua ls .

As  a  las t  s tep,  a  look  a t  the  ru les  tha t  define the  sa fe ty  fac tor  

and  the  comfor t  fac tor  in  the  semi - face  mask  ca tegory.  The  

F i t t ing  Fac tor  i s  g iven  by  the  measurements  o f  the  ind iv i -

dua l 's  face  and  by  the  breath ing  tes t  wh i le  wear ing  the  mask .

ANSI :  the  fi t t ing  tes t  i s  cons idered  sa t i s fac tory  when the  ind iv idua l  reaches  a  F i t t ing  Fac tor  o f  a t  leas t  100  

OSHA:  i f  the  fi t t ing  va lue  i s  g rea ter  than  or  equa l  to  100,  the  tes t  i s  cons idered  pos i t i ve  fo r  FFP1

ANSI  Z88 .2  face  masks :  fo r  negat i ve  p ressure  ha l f  face  masks  the  F i t t ing  Fac tor  must  be  a t  leas t  10  t imes  the  APF  o f  the  pro tec t ion  K  

ANSI  resp i ra to r :  the  APF  (Ass igned Pro tec t ion  Fac tor )  fo r  semi - face  masks  i s  o f  the  s tandard  va lue  o f  10,  resu l t ing  in  an  FF  >  100  

Physiognomic and anthropometric analysis

Safety rules and Fitting Factor
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Contac t  pad .  earphones

(  suppor t  -  rubb ing  )

Mask  contac t

(  re ten t ion  -  adhes ion  -  comfor t  )

Nucha l  contac

(  suppor t  -  suppor t  -  tens ion  )

Hav ing  ident ified  the  adapt i ve  spec t rum,  the  a t tempt  

was  to  map the  deformat ions  to  wh ich  the  mask  body  

must  respond to  sa t i s fy  the  range o f  s i zes  se lec ted .

Product  deve lopment5 .0
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Display of mask-face contact points

Front  v iew S ide  V iew
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eyes

nose

l ip

menton

forehead

eyes

nose

l ip

menton

forehead

Product  deve lopment5 .0
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148  -  123

40 -  25

61  -  40

Front  v iew 

max imum ex tens ion  ( l igh t  a rea )   

m in imum ex tens ion  (dark  a rea )

13
1 

- 
10

0

S ide  V iew

body mask mapping (action required) key parameters measurement 
(coverage range)



03.1 Ana l i s i  u ten t i

Adapt i ve  l ip

(harness )

P roduct  deve lopment5 .0

138
 

Mask  compress ion

( rubber  body  deformat ion )
Tens ion ing  ac t ion

(po in t  o f  in te rvent ion )

By  ana lyz ing  face-mask  fi t t ing  so lu t ions  in  the  
ac tua l  market  i t  appears  c lear  tha t  some 
l im i ta t ions  and  aspects  o f  weakness  leave  
space  fo r  improvement  in  the  des ign .
The  pr inc ip le  cur ren t l y  fo l lowed i s  to  compress  
and  deform the  e las t i c  body  aga ins t  user  face  
by  tens ion ing  s ide- laces  and  adapt ing  the  dome 
to  the  v i sage  by  ensur ing  a  t igh t  sea l .
Th is  p r inc ip le  on ly  par t ia l l y  compensates  
d i�erence  between face  shapes  and  i s  l im i ted  
by  mater ia l  de format ion  capac i ty  and  geomet ry  
o f  the  dome;  fu r thermore  th i s  so lu t ion  requ i res  
a  lo t  o f  tens ion  to  be  manta ined  over  t ime,  thus  
caus ing  d iscomfor t  to  many  users .

Negative pressure half-face mask sealing principle
5.4  Spotting the problem
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Fronta l  ac t ion

(expans ion-expans ion )

Vec tors  normal  to  face  mesh

(v i sua l i za t ion )

S ide  ac t ion

(ex tens ion-compress ion )

Un l ike  the  s imp l ified  dome/ca lo t te  shape adop-
ted  in  cur ren t  face-mask  bod ies ,  the  shape o f  
human face  i s  complex  and  w i th  d i�erent  
vo lumes ,  d i�cu l t  to  be  in te rpre ted .  To  exer t  
op t ima l  adherence,  i t  i s  necessary  to  app ly  a  
p ressure  a lways  perpend icu la r  to  the  face  
sur face.  The  c loses t  so lu t ion  to  th i s  t ype  o f  
phenomenon i s  a  f ron ta l  p ressure  combined to  
a  b i la te ra l  conta inment  ac t ion .  In  th i s  way  the  
rubbery  mask  body  i s  cor rec t l y  de formed 
aga ins t  user  face .

Combined action
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user journey and workflow
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user journey
7.0 Product interaction
 

Here  in t roduced the  user  exper ience  and  
in te rac t i ve  work-flow to  be  per fo rmed when 
wear ing  and  opera t ing  w i th  the  “Pump sys tem”.
In  the  fo l lowing  pages  every  s tep  w i l l  be  
deepened and  covered  to  descr ibe  the  in tended 
(cor rec t )  p rocedure  when us ing  the  product .  
The  comple te  opera t ion  i s  subd iv ided  in  8  ma in  
s teps  and  w i l l  be  the  top ic  o f  th i s  chapter.
The  overa l l  work-flow s tays  a lmost  the  same 
wi thout  undergo ing  s ign ificant  va r ia t ion  i f  
compared  w i th  usua l  ha l - face  negat i ve  p ressure  
masks .  

In  the  be low p ic tu re  a  s imp l ified  overv iew o f  the  
comple te  p rocedure  i s  g iven ;  the  two green  
h igh l igh ted  s teps  a re  those  were  innovat ion  i s  
tak ing  p lace  and  represent  a  po in t  o f  b reak  w i th  
the  pas t .  Th is  a reas  s tand  fo r  someth ing  new,  i t  
i s  where  infla t ion  and  deflat ion  opera t ions  take  
p lace  and  represent  the  add i t ion  to  someth ing  
new to  users  rou t ine .  A reas  in  g rey  a re  those  
shared  w i th  cur ren t  masks  wear ing  procedure .  
The  concept  in t roduces  a  d i s rupt i ve  innovat ion  
w i th  the  in ten t  o f  a l te r ing  min ima l l y  user  hab i t s  
dur ing  the  da i l y -work ing  rou t ine .  

4

i nfla t ing  mask deflat ing  mask

1  sheet 2  deform

usua l  wear ing  procedure

3  pump 4 deflate
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v i sua l i za t ion  o f  infla t ing  opera t ion  (pump)

v i sua l i za t ion  o f  deflat ing  opera t ion

v isua l i za t ion  o f  infla t ing  opera t ion  (pump)
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[C]
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composing the structure
Mask assembly
 1

The fi rs t  s tep  to  be  per fo rmed dur ing  the  wear ing  
procedure  i s  assembl ing  the  mask .
Th is  s teps  i s  per fo rmed on  every  reusab le  ha l f - face  
negat i ve  p ressure  mask  before  use  and  remains  
una l te ra ted  in  the  case  o f  the  Pump sys tem.
In  BLS  face-mask  a rch i tec tu re  the  rubber  body  i s  
compressed  between mount ing  f rame and  f ron t -sh ie ld  
thanks  to  a  bayonet  mount  between the  components .  The  
f rame ac ts  as  s t ruc tu re  to  fo rm the  mask  body,  coup les  
the  sh ie ld  and  houses  inha le  va lves ;  the  f ron t  sh ie ld  
p reserves  the  exha le  va lve  and  be l t  loops .

Structure
 

f ron t  sh ie ld mask  body mount ing  f rame
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[D]
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2air push-in mechanism
Mount filter

 

Af te r  the  mask  i s  cor rec t l y  se t  and  before  wear ing  i t  on  
the  v i sage  by  the  user,  fi l te rs  a re  coup led  and  mounted  to  
the  s t ruc tu re .  
P ro tec t i ve  face  mask  a re  ava i lab le  w i th  a  s ing le  centered  
fi l te r  o r  w i th  tw in  s ide  fi l te rs ,  such  as  in  th i s  configura t ion .
F i l te rs  a re  p rov ided  w i th  d i�erent  ca tegor ies  o f  
p ro tec t ion ,  d imens ions  and  (most  re levant )  d i�erent  
coup l ing  mechan ism;  a  bayonet  mount  i s  used  to  jo in  and  
t igh ten  fi l te rs  to  the  f rame.  A f te r  fi l te rs  a re  mounted  the  
mask  i s  ready  to  be  worn .

Coupling
 

RD 40
threaded mount

B-LOCK
bayonet mount
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1

2

4

1

2

wearing procedure
Wear mask and adjust laces
 3

As  fo r  norma l  masks ,  the  face-p iece  has  to  be  worn  by  the  
user  to  cover  resp i ra to ry  t rac ts  and  subsequent ia l l y  
ad jus ted  on  laces  to  t igh t  and  meet  the  r igh t  fi t .
Wh i le  th i s  phase  i s  c ruc ia l  and  usua l l y  requ i res  a  lo t  o f  
tens ion ing  fo rce  on  the  be l t s  to  be  cor rec t l y  accompl i -
shed  on  common face-p ieces ,  the  scenar io  i s  d i�erent  fo r  
the  Pump sys tem:  the  infla tab le  l ip  i s  made o f  a  very  th in  
so f t  s i l i cone  layer,  th i s  a l lows  the  sur face  to  eas i l y  adapt  
to  user  v i sage  w i thout  requ i r ing  excess ive  tens ion .  In  th i s  
way  i t  i s  enough fo r  the  user  to  gent l y  s tep- in  the  mask  
w i th  the  v i sage,  mak ing  the  l ip  adapt  to  i t  and  regu la t ing  
the  laces  to  manta in  the  pos i t ion  on  face.

Less demanding tightening
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Core  o f  the  wear ing  process  and  user  exper ience  i s  the  
pumping  procedure !
The  pumping  phase  a l lows  the  user  to  regu la te  the  
pressure  ins ide  the  l ip  chamber  and  to  infla te  the  cush ion  
un t i l l  i t  i s  fi t ted  sa fe ly  and  comfor tab ly  on  the  v i sage.  The  
infla tab le  l ip  a l lows  compensat ion  o f  d i�erent  face  s i zes  
and  shapes .  The  user  can  inc rease  the  pressure  o f  the  
chamber  by  push ing  mu l t ip le  t imes  on  the  e las t i c  pump 
dome,  thus  by  d i rec t ing  a i r  in to  the  c i rcu i t .  The  Pump 
sys tem a l lows  cus tom regu la t ion  by  p rov id ing  a  
persona l i zed  exper ience  every  t ime o f  use .  

4adaptive fit inflation
Pump

 

Push-in to adapt
 

a  p inch-notch  he lps  to  man ipu la te  and  ho ld  
the  pump dome dur ing  opera t ion
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The  fi t -check  i s  a  mandatory  opera t ion  fo r  indus t r ia l  
workers  and  has  to  be  accompl i shed  every  t ime a f te r  
wear ing  the  mask  and  before  s ta r t ing  w i th  the  work ing  
ac t i v i t y.  The  same procedure  has  to  take  p lace  a f te r  
ad jus t ing  the  Pump pressure  on  v i sage :  in  o rder  to  ver i f y  
the  presence  o f  a  t igh t  sea l  and  to  ensure  the  cor rec t  fi t
negat i ve  p ressure  i s  induced in  the  mask  body.  I f  the  sea l  
i s  t igh t  the  rubber  body  i s  go ing  to  de form and  deflect  
because  o f  the  inner  p ressure .  In  case  o f  a  loose  fi t  
p ressure  in  the  chamber  can  be  inc reased to  fi l l  leack ing  
gaps  and  to  compensate  even  more  marked d i�erenc ies .

Testing protective e�ciency
 

ensuring tight seal
Fit-check 
 5

[H]
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Dur ing  the  execut ion  o f  the  work ing  ac t i v i t y  and  when 
opera t ing  wh i le  wear ing  the  mask  the  user  can  benefit  o f  
severa l  advantages  brought  by  the  “Pump sys tem”  such  
as  comfor tab le  fi t ,  less  tens ioned laces  and  less  pa in  
wh i le  work ing ,  resu l t ing  in  h igher  concent ra t ion  and  
comfor t .  In  case  o f  p ressure  loss  (a f te r  hours  o f  ac t i v i t y  
th i s  m ight  happen )  the  des i red  pressure  can  be  eas i l y  
res tored  by  s imp ly  push ing  the  dome aga in .  The  same i s  
happen ing  in  case  o f  a  mask  drop-o�  by  the  user :  every  
t ime the  mask  in  unworn  the  chamber  has  to  be  deflated  
and  infla ted  a t  every  new use,  th i s  a l lows  the  worker  to  
exper ience  a  cus tom and  adapt i ve  fi t  fo r  every  ac t i v i t y.

At work
 

6during use
Working activity

 

[I]
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Af te r  per fo rming  the  work ing  ac t i v i t y  the  exha la t ion  va lve  
can  be  ac t i va ted  to  re lease  in te rna l  res idua l  p ressure .
By  push ing  the  so f t  dome wi th  the  finger  a i r  i s  f ree  to  
escape and  the  infla ted  body  can  be  re laxed .
The  so f t  dome i s  ev ident  and  very  eas i l y  manageab le  
even  in  shaked cond i t ions  and  when wear ing  g loves .
The  deflat ing  opera t ion  i s  l igh tn ing  fas t  and  immedia te ly  
escapes  the  inner  a i r  w i th in  seconds .  The  finger  i s  
manta ined  pushed dur ing  the  ent i re  opera t ion  and  a i r  
flow i s  in te r rupted  as  soon  as  the  finger  i s  removed.  The  
chamber  re laxa t ion  can  be  perce ived  by  the  user  a l l  
a round the  face .

Exhale valve
 

release chamber pressure
Deflate
 7

7.0

[L]
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Af te r  the  ac t i v i t y  i s  over  and  the  pressure  chamber  
deflated ,  the  mask  can  be  fina l l y  removed by  the  user.
The  s teps  to  fo l low are ,  in  o rder :  fi rs t  remove head 
re tent ion  and  br ing  i t  to  f ron t ,  then  un lock  the  c l ipp ing  
f rame on  the  neck .
A f te r  th i s  opera t ion  a re  per fomed the  mask  can  be  
d isassembled ,  res tored  and  put  away  un t i l  nex t  use .
Par t i cu la r  ca re  has  to  be  put  by  the  user  when hand l ing  
the  mask  a f te r  use :  the  infla tab le  l ip  represents  a  f rag i le  
component  and  can  be  cons idered  a  weak  component  
because  sens i t i ve  to  ho les  and  open ings

Unwearing
 

8unwear mask
Remove mask

 

mask  d isassembl ing[M]
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design and definition of detailed elements 
8.0 Detail design - functional aspects
 

I n  th i s  phase  o f  the  pro jec t  i  focused on  
techn ica l  and  spec ific  cons idera t ions  a round 
the  des ign  o f  key  e lemets  defin ing  the  concept  
o f  the  PUMP and  i t s  work ing  pr inc ip le .
As  p rev ious ly  shown,  the  ma in  innovat i ve  
aspects  in t roduced and  theor i zed  in  the  
adapt i ve -fi t  concept  a re  re fe r red  to  the  infla t ing  
chamber  sys tem to  be  fina l l y  equ ipped on  any  
negat i ve  p ressure  ha l f - face  mask .
The  e lements  a re  des igned to  p rov ide  an  
a l l - in -one  so lu t ion  in tegra ted  w i th  face-mask  
body.  In  the  fo l lowing  pages  the  c r i t i ca l  aspects  
and  key  fea tu res  in  the  se lec t ion  o f  the  
techn ica l  so lu t ion  employed a re  h igh l ig ted .

The  ma in  e�or t  beh ind  the  conceptua l i za t ion  
and  rea l i za t ion  o f  the  PUMP sys tem has  been  
put  in to  the  refinment  o f  the  components  here  
shown.  The  se lec t ion  and  cho ice  o f  the  
func t iona l /key  e lements  o f  the  sys tem has  
undergone many  compar i sons  and  va l ida t ion  
phases .  I  ended up  by  se lec t ing  a l ready  
d i�used and  in -use  components  (BUY)  fo r  some 
o f  the  pro jec t  aspects ,  wh i le  I  des igned cus tom 
e lements  fo r  the  in tended spec ific  
behav iour /ac t ion  requ i red  by  the  sys tem.
In  th i s  way  i  cou ld  obta in  the  work ing  pr inc ip le  
researched by  compromis ing  w i th  e�c iency,  
cus tomiza t ion  and  cos t  o f  the  inves tment .

e lements  v i sua l i za t ion

pumping  sys tem

re lease  sys tem
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Inflatab le  adapt i ve  chamber

Deflat ion  sys temInflat ion  sys tem

As  shown in  the  p ic tu re ,  the  who le  PUMP sys tem 
can  be  reduced to  3  sub-assembl ies ,  each  one  
in  charge  o f  a  spec ific  ac t ion .
Infla t ion  sys tem i s  respons ib le  o f  s to r ing  a i r  
vo lume and  d ispens ing  i t  when pushed,  thanks  
to  a  one-way  sea l ing  va lve .  The  adapt i ve  
infla tab le  chamber  made o f  h igh ly  de formab le  
mater ia l  can  s t re tch  when a i r  i s  fo rced  in  i t s  
cav i t y  and  the  deflat ion  sys tem regu la tes  the  
vent ing  o f  accumula ted  pressure  when 
re leased.
The  3  e lements  together  concur  to  define the  
behav iour  o f  the  sys tem and  a l low a  comple te  
and  cus tomized  regu la t ion  o f  the  adapt i ve -fi t .

The PUMP system
 

-  Infla t ion  sys tem
-  Infla tab le  adapt i ve  chamber
-  Deflat ion  sys tem

The PUMP elements
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air push-in mechanism
8.1 Inflation system
 

I nfla t ion  sys tem One-way inflating system
 
Th is  par t  o f  the  sys tem deserves  a  c ruc ia l  ro le  
in to  the  PUMP work ing  mechan ism and  has  been  
a t  the  center  o f  the  des ign  exp lora t ion  dur ing  
the  who le  deve lopment  o f  the  pro jec t .
The  sys tem cons is ts  in  a  s ing le  un i t  per fo rming  
a  doub le  ac t ion :  f rom one  s ide  i t  ac t  as  an  a i r  
s to r ing  chamber,  thanks  to  the  vo lume o f  the  
e las t i c  dome i t  i s  ab le  to  accumula te  a i r  in  i t s  
inner  cav i t y.  On  the  o ther  s ide ,  when pushed on  
the  chamber  the  body  i s  compressed  and  the  a i r  
i s  fo rced  in to  the  chamber  and  sea led  thanks  to  
a  one-way  umbre l la  va lve .  A f te r  re leas ing  the  
pressure  exer t  by  the  finger  the  e las t i c  dome i s  
ab le  to  re lax  and  can  re tu rn  to  i t s  in i t i a l  shape,  
thus  res tor ing  the  in i t i a l  amount  o f  a i r  in  i t s  
cav i t y.  The  sys tem behaves  l i ke  a  very  sma l l  
pump,  d i rec t ing  the  a i r  in to  the  infla tab le  
chamber.  In  th i s  way,  w i th  a  s imp le  ac t ion ,  the  
d ispenced amount  o f  p ressure  can  be  regu la ted  
by  the  user.

System key properties 
 

l ow c rack ing  pressure

h igh  res i s tance  to  backward  pressure

t igh t  sea l  (p rec ise  coup l ing  and  hous ing )

su�c ient  a i r  capac i ty  in  the  dome

press -fi t  cover

e las t i c  dome

hous ing

one-way  va lve
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closed valve - high backward pressure
(deflation) 

opened valve - low cracking pressure
(inflation)

 

vent

pinch hold

an  easy  g r ippab le  p in  

he lps  the  user  to  push  

aga ins t  the  dome when 

wear ing  the  mask  

clipping cover

a  cover  c l ips  the  sys tem 

togheter  and  locks  the  

dome by  sandwich ing  

w i th  the  hous ing  base

press-fit

a  sa fe  p ress -fi t  g r ipp ing  

a l l  a round the  

c i rcumference  ensures  

the  coup l ing  between 

components

a  sma l l  ho le  on  the  top  

o f  the  dome a l lows  the  

passage o f  a i r.  When the  

dome i s  pushed the  user  

covers  the  ho le  and  

fo rces  the  a i r  one-way

housing

base  hous ing  must  

p rov ide  a  t igh t  sea l  by  

coup l ing  w i th  the  the  

umbre l la  va lve .  A  ser ies  

o f  openen ings  a l lows  

the  a i r  to  flow in  the  

des i red  d i rec t ion
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Deflat ion  sys tem Deflating system
 
To re lease  the  accumula ted  pressure  in  the  
chamber  an  exha le  sys tem i s  requ i red .
Another  very  impor tan t  aspect  o f  the  pro jec t  
has  been  the  research ,  deve lopment  and  
compar i son  o f  exha le  va lve  so lu t ions .
A f te r  document ing  myse l f  in  the  fie ld ,  i  dec ided  
to  go  fo r  an  a l ready  manufac tu red  exha l ing  
sys tem (BUY component ) .  The  exha le  va lve  i s  
manta ined  in  a  c losed  s ta te  by  a  spr ing  ac t ing  
in  compress ion  and  push ing  a  t iny  gasket  
aga ins t  the  inner  channe l .  When the  spr ing  i s  
re laxed  by  the  ac t ion  o f  the  user,  the  gasket  i s  
moved apar t  f rom the  channe l  and  a i r  can  
escape.  To  fac i l i ta te  the  ac t ion  to  the  user  
(o f ten  wear ing  g loves )  and  to  cover  inner  
mechan ism f rom poss ib le  damage i  des igned a  
cus tom so f t  cover  to  be  ins ta l led  on  top  o f  the  
ready- to -go  va lve  

 
 
sa fe  (no  leackage -  h igh  backward  pressure )

qu ick  to  be  re leased/ac t i va ted

qu ick  deflat ion

non invas ive

s imp le  to  be  ins ta l led  (manufac tu re )

s imp le  to  in te rac t  (user )

BUY component  ( i f  poss ib le )

 

System key properties

8.2 Deflation system
 air escaping mechanism

sof t  cover ing  dome

pis ton

spr ing

gasket

hous ing
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a  s tee l  spr ing  can  be  

re laxed  to  le t  the  a i r  

escape.  When ac t i ve  the  

spr ing  pushes  up  the  

p is ton

a  rubber  cover  i s  added 

to  the  sys tem to  enab le  

easy  man ipu la t ion  even  

w i th  g loves  on

a  PVC hous ing  conta ins  

the  ma in  work ing  

mechan ism e lements  

and  a l lows  to  be  g lued  

and  man ipu la ted

a  r ig id  p i s ton  i s  kept  in  

tens ion  by  the  ac t ion  o f  

a  co i l  sp r ing .  I t  ac ts  as  a  

p in  to  be  pushed by  the  

user.  When push ing  the  

s tem the  spr ing  i s  

compressed  and  a i r  i s  

f ree  to  leak  

an  o - r ing  gasket  

p rov ides  sea l ing  by  

cover ing  a i r  vent .  The  

gasket  i s  suppor t i ve  to  

the  r ig id  body  o f  the  

s tem

valve in tension
(closed valve) 

valve relaxed 
(open valve)

 

soft cover

coil spring

housing

stem

o-ring
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Inflatab le  chamber

Inflatable cushion-chamber

The infla tab le  and  deformab le  body  i s  a t  the  
core  o f  the  adapt i ve -fi t  concept .  The  c i rcu i t ing  
shape i s  the  resu l t  o f  many  i te ra t ion  and  tes ts ,  
and  i s  p roved  to  be  e�c ient  in  compensat ing  
d i�erent  face  ergonomies  when infla ted .
The  body  i s  made o f  two u l t ra - th in  (0.30  mm)  
s i l i con  layers  jo ined  togheter  to  c rea te  a  t igh t  
chamber.  Bee ing  the  chamber  so  t igh t  and  the  
mater ia l  h igh ly  de formab le  due  to  i t s  th ickness ,  
geomet ry  and  hardness  ( shoreA 15 )  i t  i s  very  
suscept ib le  to  p ressure  in t roduct ion  and  the  
“ infla t ing”  ac t ion  can  be  add jus ted  and  
perce ived  a lmost  ins tan t l y.
The  a i r  i s  p rov ided  by  the  infla t ing  sys tem wh i le  
to  evacuate  the  chamber  the  exha l ing  va lve  i s  
used ;  p re -determined hous ings  a re  used  to  
keep components  in  p lace.  In  th i s  way  the  user  
can  ac t  on  the  chamber  to  regu la te  i t  on  h i s  
needs .

8.3 Inflatable chamber
 sealed air cushion

Deflat ion  sys tem hous ingInflat ion  sys tem hous ing
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a i r  c i rcu la t ing  pa th

System key properties:

mater ia l  (hardness )

geomet ry

wa l l  th ickness

max .  p ressure  

a i r  t igh t  and  sea led

mater ia l  compat ib i l i t y  and  manufac tu rab i l i t y

 

inflated chamber - section view
 

relaxed chamber - section view
 

0,5  mm th ick
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8.4 Functional details
 system behaviour during use

wider  sec t ion

13
 m

m
7

 m
m

sma l le r  sec t ion

2  ps i  =  same pressure

5  to  6  pushes

10  to  30  seconds

max  inner  p ressure

s ing le  push

1 -2  seconds

pressure  re lease

Thanks  to  a  var iab le  pa th -s i ze  o f  the  
harness  chamber  the  ac t ion  o f  a i r  can  
be  modu la ted  d i�erent l y  in  the  
se lec ted  a reas .  To  s tem unwanted  
deformat ions  when infla ted  in  mask  the  
chamber  i s  su r rounded by  ex t ra  
mater ia l ,  thus  th icker ing  the  body  and  
d i rec t ing  ac t i ve  de format ion  to  the  l ip  
sea l ing  a rea

Inflation behaviour
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wider  sec t ion

smal le r  sec t ion th icker  mask  wa l l

th icker  mask  
wa l l

de format ion  to  avo id

flat  chamber  representa t ion

mask  and  chamber  cu t  v iew mask  and  chamber  3 /4  v iew

deformat ion  to  be  induced
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manufacturing steps 
9.0 Production and assembly
 

I n  the  fo l lowing  pages  I ’ l l  g i ve  an  over look  on  
the  d i�erent  phases  and  processes  requ i red  in  
o rder  to  manufac tu re  the  comple te  Pump 
sys tem,  and  how to  in tegra te  i t  i n  the  
product ion  o f  any  ha l f - face  mask .
The  prouc t i ve  sequence  has  been  ent i re ly  
conce ived  and  des igned.
Cus tom-made and  non-s tandard  so lu t ions  were  
put  in  p lace  to  obta in  the  very  spec ific  p roduct  
requ i rements  and  to  define a  s t ra igh t - fo rward  
manufac tu r ing  s t ra tegy.
The  process  wanted  to  be  au tomated  (as  much  
as  poss ib le )  and  reduce  poss ib le  de fec ts  dur ing  
product ion ,  espec ia l l y  dur ing  the  c rea t ion  o f  
the  infla tab le  chamber.   The  manufac tu r ing  
phase  can  be  d iv ided  in to  2  macro-s teps :

in jec t ion  mold ing  ex t rac t ion  asset
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[A]

1  mask  body

1 .1  overmolded mask  body1 .2  pump dome

1 .3  p ress -fi t  cover

1 .4  so f t  cover

1 .1 .1  infla tab le  chamber

1 .1 .1 .1 1  s i l i cone  chamber

1 .1 .1 .12  check  va lve

1 .1 .1 .1 1 .1  l ayer  A

1 .1 .1 .1 1 .2  layer  B

1 .1 .1 .13  infl .  hous ing

1 .1 .1 .14  exha le  va lve
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manufacturing of the inflatable chamber integration with face-mask 

The fi rs t  par t  o f  the  fo l lowing  pages  i s  en t i re ly  
ded ica ted  to  the  manufac tu r ing  procedure  in  
o rder  to  p roduce  and  assemble  the  “ Infla tab le  
Chamber”  un i t .  The  un i t  ( composed by  i t s  
“exha le”  and  “ inha le”  sub-sys tems )  can  be  seen  
as  the  ground ing  e lement  fo r  the  c rea t ion  and  
per fo rmance  o f  the  “Pump”  infla tab le  mask  
body.
The  un i t  i s  des igned to  be  processed  
ind ipendet l y  by  the  res t  o f  the  body  and  i s  the  
resu l t  o f  a  ded ica ted  product ion  l ine .  In  th i s  
way  the  un i t  can  be  seen  as  a  p roduct  fo r  i t se l f  
and  i s  hand led  and  in tegra ted  w i th  the  mask  in  
a  second moment .  In  the  p ic tu re  be low an  
exp loded v iew o f  the  “ infla tab le  chamber  
assembly”  i s  p rov ided  fo r  c la r i t y.

In  the  second par t  o f  th i s  chapter  the  focus  w i l l  
be  put  on  the  in tegra t ion  o f  the  “ infla tab le  
chamber”  w i th  the  ha l f - face  mask  body.
A  separa te  opera t ion  i s  requ i red  to  manufac tu re  
the  mask  and  to  in tegra te  the  infla tab le  un i t  
in -p rocess .  The  mask  manufac tu r ing  techn ique  
d i�ers  shor t  f rom what  i s  ac tua l l y  the  prac t i ce  
on  market  ( in jec t ion  mou ld ing ) ;  the  pecu l ia r  
aspect  i s  the  add i t ion  o f  the  infla tab le  un i t  p r io r  
to  mold  c lamping  and  c losure .  Th is  a l lows  the  
chamber  to  be  incorpora ted  in to  the  body  and  
to  be  merged together  thanks  to  an  
overmold ing  process .
In  the  chapter  genera l  descr ip t ion  and  overv iew 
o f  the  process  and  procedura l  s teps  to  
manufac tu re  the  mask  w i l l  be  g iven .
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1 .0
mask  body

1 .1 .1 .1 1  
infla tab le  chamber

1 .1 .1 .13
infla t ing  hous ing

1 .1 .1 .1 1
check  va lve

1 .2
pump dome

1 .3
press -fi t  cover

1 .1 .1 .14
exha le  va lve

1 .4  
so f t  cover
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cast

deposit

flip

1

The fi rs t  ha lve  o f  the  geomet ry  i s  
ob ta ined  th rough  a  s i l i cone  d ie  
cas t  o r  in jec t ion  mou ld ing .  
T igh t  to le rances  a re  requ i red  fo r  
th i s  par t  s ince  i t  ca r r ies  hous ing  fo r  
the  infla t ion-deflat ion  sys tems and  
has  to  in te r face  w i th  i t s  r ig id  
components .  A  0.2mm th ickness  i s  
ach ieved  on  the  res t  o f  the  sheet

mask

2

The cas ted  sheet  i s  fl ipped in  the  
d i rec t ion  and  processed  f rom the  
o ther  s ide .  A  very  th in  TPU sheet  i s  
jux taposed on  the  s i l i cone  layer  
and  used  to  mask  the  des i red  a rea  
to  be  infla ted .  Thanks  to  i t s  h igh  
c reep  res i s tance  and  low th ickness  
the  TPU manta ins  i t s  pos i t ion  
dur ing  the  who le  p rocess

cover

3

Af te r  cover ing  the  s i l i cone  sheet  
w i th  a  mask ,  another  th in  s i l i con  
layer  can  be  depos i ted  over  the  
ent i re  sur face.  
The  TPU ac ts  as  bar r ie r  be tween 
the  prev ious  layer  and  the  f resh  
cas ted  s i l i cone.  L iqu id  s i l i cone  i s  
deposed and  s t re tched equa l l y  on  
the  ent i re  sur face

manufacturing process
9.1 Inflatable chamber
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bond

4

punch

5

test

6

A ro l l  o f  0.2mm th ick  s i l i cone  i s  
unwinded on  the  f resh  s i l i cone,  
bond ing  together  the  two layers .
The  process  can  be  acce l le ra ted  by  
induc ing  pressure  and  heat  in  the  
env i roment ,  enab l ing  the  s i l i cone  
to  cure  fas te r.  The  cond i t ions  a re  
manta ined  unt i l l  s i l i cone  
comple te ly  cures  and  bonds .

The  bonded layers  a re  fina l l y  
punched by  a  d ie  and  cu t  in  the  
des i red  shape.
The  fina l  infla tab le  chamber  i s  
ob ta ined  and  the  res t  o f  the  sheet  
i s  le f t  as  sc rap.  I t  appears  c lear  
how a l l ignment  between d i�erent  
work-s ta t ions  o r  work ing  phases  
has  to  be  managed care fu l l y

The  fina l  infla tab le  chamber  
en t i re ly  made o f  s i l i cone  i s  
obta ined .  Infla t ion  tes ts  a re  
per fomed a t  th i s  s tage  in  o rder  to  
ensure  lack  o f  de fec ts  in  the  
sys tem.  When the  chamber  i s  
cons idered  “ re l iab le”  i t  can  move 
to  nex t  phase.

flip
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valve

1

The infla t ion  sys tem i s  assembled  
before  be ing  inser ted  in  the  
s i l i cone  chamber.  The  va lve  i s  
fo rced  in  the  hous ing  and  
shor tened by  the  ta i l ,  once  
inser ted .  The  va lve  i s  cu t  to  reduce  
the  overa l l  d imens ion  and  to  l im i t  
the  in te r fe rence  when push ing  the  
dome dur ing  infla t ion

housing

2

The infla t ion  [CUSTOM]  and  
deflat ion  [BUY]  sys tems a re  
inser ted  in to  the  s i l i cone  infla tab le  
chamber.  The  hous ings  in  the  ma in  
body  prov ide  a  sa fe  and  un ique  way  
to  inser t  e lements .  In te r fe rence  
d iameter  a re  s l igh t l y  sma l le r  than  
nomina l  d imens ions  and  need to  be  
deformed dur ing  inser t ion .  A  
s i l i con  g lue  i s  used  dur ing  inser t ion  
to  en force  the  coup l ing

system

3

Af te r  the  g lue  hardens  the  ent i re  
sys tem can  be  tes ted  one  more  
t ime by  us ing  infla t ion  and  deflat ion  
e lements  in  o rder  to  eva lua te  the  
overa l l  e�c iency.  The  chamber  a t  
th i s  phase  must  p rove  the  
func t ion ing  o f  the  one-way  va lve  
and  o f  the  re leas ing  s tem sys tem.

manufacturing process
9.2 Inflatation and deflation system
 

cut

glue 

fit 
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inhalation group
 

before assembling components

 

after insertion in housing

 

1

2

exhalation group
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Ø 22 mm (tight fit) 

 

Ø 25 mm

 

silicone based adhesive application area

 

fully assembled chamber before mould insertion  

 

Ø 7 mm

 

Ø 6 mm (tight fit)

 

[B]

[B]

[C]
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insert

180 
 

integrate

1

Af te r  the  infla tab le  chamber  +  the  
bas ic  e lements  o f  the  pumping  
sys tem are  produced and  sea l ing  o f  
the  chamber  in  ensured ;  the  
chamber  can  be  fina l l y  in tegra ted  
w i th  the  face-p iece.  The  sys tem wi l l  
be  inser ted  in  the  mou ld  p r io r  to  
mater ia l  in jec t ion

insert

2

The mou ld  i s  opened and  the  ma in  
body  (punch ing  dome)  i s  l i f ted  w i th  
respect  o f  the  grounded basement .  
Th is  a l lows  the  pump sys tem to  be  
inser ted  by  p lac ing  i t  fla t  on  the  
base  and  ad jus t ing  i t s  pos i t ion ing .
Mou ld  impress ions  a re  mov ing  
ac tua ted  by  car r iages

position

3

When the  chamber  layer  i s  inser ted  
the  dome i s  c los ing  and  re tu rns  to  
i t s  in i t i a l  pos i t ion .  The  chamber  i s  
p inched between the  two molds  
wh i le  leav ing  out  on ly  the  
infla t ion /deflat ion  in te rac t ion  a rea .
Th is  a rea  i s  momentar i l y  fi t ted  on  
the  ma le -dome to  manta in  i t s  
pos i t ion  dur ing  nex t  phases

manufacturing process
9.3 Half-face mask inflatable chamber integration
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remove

inject

181
 

position

4

injection

5

removal

6

The la te ra l  s l id ing  mou ld  i s  
respons ib le  o f  compress ing  the  
in te rac t ion  un i t  o f  the  pump aga ins t  
the  mou ld  and  ac ts  as  hous ing  fo r  
the  infla t ing  and  deflat ing  
e lements ,  defin ing  the  pos i t ion  to  
be  manta ined  by  the  sys tem dur ing  
the  in jec t ion  phase

The mou ld  i s  c losed  and  every  un i t  
i s  re tu rn ing  to  i t s  in i t i a l  pos i t ion .
S i l i cone  can  now be  in jec ted  under  
p ressure  in  a  flowab le  flu id  s ta te ,  
a l lowing  the  mater ia l  to  reach  
every  sma l l  fea tu re  ins ide  the  
cav i t y.  The  process  i s  per fo rmed 
under  heat  and  pressure ,  induc ing  
the  s i l i cone  to  cure  fas te r

F ina l l y  the  mou ld  i s  re -opened and  
the  punch ing  dome i s  l i f ted  once  
aga in  to  fac i l i ta te  mask  remova l .
The  resu l t ing  body  i s  wrapped 
around the  ma le -dome and  needs  
to  be  s t re tched in  o rder  to  be  
removed f rom the  mou ld  undercu t .
The  opera t ion  i s  per fo rmed by  hand 
by  an  opera tor
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assembly

7

Af te r  the  mask  i s  removed f rom the  
mou ld -d ie  fina l  e lements  can  be  
added to  the  pump sys tem.
The  s i l i cone  pump dome i s  
pos i t ioned in  the  hous ing  and  
compress ion- locked thanks  to  a  
p ress -fi t  mechan ism coverage.
A  so f t  dome i s  g lued  and  inser ted  
on  top  o f  the  exha le  va lve

mask

8

At  th i s  po in t  the  face-mask  can  be  
cons idered  ready  to  use  and  
comple te ly  in tegra tes  the  infla tab le  
cush ion  sys tem.  
The  infla tab le  chamber  i s  
deve loped around the  ent i re  
o ronasa l  l ip  and  can  be  regu la ted  
by  in te rac t ion  e lements  ( infla te ,  
ad jus t  and  deflate )

final test

9

A las t  check  i s  per fo rmed on  the  
who le  sys tem to  ensure  e�c iency  
and  re l iab i l i t y  o f  the  assembly  and  
i t ’s  components .
A i r  leackage,  flow in tens i t y,  
cush ion  deformat ion  and  genera l  
p resence  o f  de fec ts  i s  what  i s  
inves t iga ted  dur ing  th i s  phase  to  
ensure  sa fe ty  o f  the  product
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af te r  punch ing  the  chamber  
between the  two molds  the  
inha la t ion  and  exha la t ion  
group  i s  fixed  on  the  ma le  
punch  pr io r  to  inser t  
ac tua t ion  thanks  to  a  sma l l  
re ta in ing  fe taure .  The  body  i s  
so  he ld  in  p lace   

punching male mould

 

mask body overmolding

 

2

chamber in-mold insertion

 

distancing pins

 

chamber housing insert

 

chamber housing insert

 

mold cavity

 

injection point

 

rapid prototyping mold section view

 

3D visualization

mold-closing asset

 

focus

 

1

[D]

[E]
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3D printed mold asset chamber insertion

 

3D printed mold asset mold opening

 

3D printed mold before injection

 

[P]

[R]

[Q]
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overmolded mask extraction

 

[S]
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components realization and process selection
9.4 Final elements
 

[F]

[G]

1 .101
infla tab le  chamber

vacuum cas t ing
LSR

1 .100 
mask  body
overmold ing
LSR

1 .101 .1
infla t ing  hous ing

in jec t ion  mold ing
PA

1 .101 .1 1
check  va lve

BUY

1 .101 .12
pump dome

compress ion  mold ing
LSR

1 .101 .2  
exha le  va lve
BUY

1 .101 .21  
so f t  cover
in jec t ion  mold ing
TPE

1 .101 .13
press -fi t  cover

in jec t ion  mold ing
PA

In  th i s  phase  a  shor t  overv iew on  manufac tu r ing  
processes  o f  each  component  o f  the  PUMP 
Sys tem i s  g iven .  The  shor t  deepen ing  a ims  to  
p rov ide  a  descr ip t ion  o f  the  in tended 
manufac tu r ing  processes  and  to  po in t  ou t  
genera l  des ign  ru les  fo l lowed dur ing  par ts  
des ign .  The  chapter  a l so  t r ies  to  re la te  p rocess  
to  mater ia l  and  to  spot  c r i te r ias  beh ind  process  
se lc t ion .  The  overa l l  p rocesses  can  be  brought  
back  to  3  ma in  manufac tu r ing  methods :

vacuum casting

compression molding

injection molding (overmold ing  on ly  fo r  mask  body ) D IY  in jec t ion  mou lded par ts
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- draft angles

- avoid undercuts

- uniform thickness

- rounded corners

- draft angles

- avoid undercuts

- limit holes

- uniform thickness

- rounded corners

- multiple cavities pattern

re fers  to  the  product ion  under  vacuum o f  
p las t i c  o r  rubber  components  f rom mou lds .  
Par ts  p roduced us ing  the  vacuum cas t ing  
process  a re  d imens iona l l y  accura te ,  p rec ise  
rep l i cas  o f  the  master  pa t te rn .  Th is  techno logy  
i s  su i ted  to  obta in  the  th in  layers  o f  the  
infla tab le  chamber  and  get  a  re l iab le  and  
prec ise  resu l t  even  in  case  o f  sma l le r  fea tu res  

o r  hous ings .  [A]

vacuum casting

is  a  p rocess  o f  mo ld ing  in  wh ich  a  g iven  
quant i t y  o f  feed ing  mater ia l  ( charge )  i s  p laced  
in to  an  open  and  pre-heated  mold  cav i t y.  The  
mold  i s  then  c losed  w i th  a  top  p lug  and  
compressed  wi th  la rge  hydrau l i c  p resses  in  
o rder  to  have  the  mater ia l  contac t  a l l  a reas  o f  
the  mold .  The  charge  d i rec t l y  cures  in  the  
heated  mold  and  the  process  can  be  done in  
minutes .  The  process  i s  par t i cu la ry  su i tab le  fo r  
thermoset  po lymers  and  rubbers ,  enab l ing  the  
mater ia l  to  cure  fas te r  under  compress ion  and  

heat  cond i t ions .  [B]

compression moulding

- draft angles

- avoid undercuts

- limit holes

- uniform thickness

- rounded corners

- multiple cavities pattern

- housing design

probab ly  the  most  d i�used manufac tu r ing  
process  fo r  la rge  sca le  p las t i c  p rocess ing .
In jec t ion  mold ing  i s  a  method to  obta in  molded 
products  by  in jec t ing  p las t i c  mater ia l s  mo l ten  
by  heat  in to  a  mold ,  and  then  to  coo l  and  
so l id i f y  them for  fina l  par t  ex t rac t ion  and  
remot ion .
In  the  case  o f  the  mask  rubber  body  a  complex  
mold  i s  used  fo r  par t  in jec t ion  and  the  process  
can  be  defined as  “overmold ing” :  an  e lement  i s  
inser ted  in  the  mou ld  p r io r  to  the  in jec t ion  
phase.  When the  mater ia l  i s  a l lowed to  flow and  
so l id i f y  the  two par ts  come togheter  thanks  to  

chemica l  bondage bewtween the  e lements .  [C]

injection molding

design considerations

design considerations

design considerations
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material choice and selection
9.5 Material selection
 

[A]

A short overview on the materials selected for final 

manufacturing of the system is here given, as well as 

a brief explanation on material properties and key 

features that influenced the material selection. 

Material choice also took into account process 

compliance, trying to individuate candidate materials 

suitable for the intended manufacturing method.

The materials in question are here presented: 

Thermoplastic Elastomers, are a class of copolymers 

(usually a plastic and a rubber polymer blends) with 

both thermoplastic and elastomeric properties. While 

most elastomers are thermoset, TPEs are relatively 

easy to use in manufacturing (for ex. injection 

molding). The main di�erence between 

thermosetting and thermoplastic elastomers is the 

type of crosslinking of their structures. In fact, 

crosslinking is a fundamental structural factor that 

contributes to conferring the high elastic properties. 

Thermoplasts also o�er the big advantage of being 

reprocessable and restorable by means of heat, thus 

allowing the material to be welded or heat-deformed.

Thermoplastic Elastomers (TPE) [D]

Exhibiting high temperature and electrical 

resistances, polyamides (nylon) are considered as 

high performance plastics and are widely used in 

mechanical applications and for components 

subjected to wear. Nylon is a polymer with repeating 

units linked by amide bonds. Polyamides occur both 

naturally and artificially along with the main 

applications and benefits of some common 

polyamides: PA11, PA12, PA6, PA66 and PPA 

(polyphthalamides).

Polyamides represent an ideal choice in high-end 

engineering applications and for these reason they 

were selected for the components of the snap-fit 

sub-assembly.

Polyamide - Nylon (PA) [E] [F]
TPE pellets (upper pic.) and TPE products (lower pic.)

PA compound pellets

[H]

[I]

[L]
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R

R

Si O

R

R

Si O

The silicones di�er from most industrial polymers in 

that the chains of linked atoms that make up the 

backbones of their molecules do not contain carbon, 

the characteristic element of organic compounds. 

This lack of carbon in the polymer backbones makes 

polysiloxanes into unusual “inorganic” 

polymers—though in most members of the class two 

organic groups, usually vinyl (CH2), methyl (CH3), or 

phenyl (C6H5), are attached to each silicon atom. A 

general formula for silicones is (R2SiO) [picture on 
the left], where R can be any one of a variety of 

organic groups. [G]

For the scope of the project, among the main silicone 

rubbers, i considered the so-called liquid silicone 

rubbers (LSR) which are particularly suitable, due to 

their low viscosity, to be injected into a mold and are 

generally made up of two components (base + 

catalyst) to be instantly mixed before or in-process; 

under this definition Platinum Silicones are found.

Platinum silicone is a premium quality silicone. 

Contains platinum catalysts which accelerate the 

vulcanization process with a yield close to 100% 

(platinum catalysis). [H]

Compared to other types of silicone available on the 

market, platinum silicone is by far the purest and 

capable of guaranteeing full compliance with the 

various certifications of suitability for bio-contact. It 

does not contain toxic components, has the lowest 

content of volatile substances and is commonly used 

in the delicate medical sector. [I]

Liquid Silicone Rubber

- hardness ranges from shore 30A to 80A 

        

- impact resistance up to 40-60%

- elongation at break from 100% to 400% 

- up to 200°C resistance (300 °C also common)

- resistance to bacteria and fungi

  (30A suited for the project)

general properties

silicone finished products examples

bi-component silicone used for prototyping

silicone rubber general formula[M]

[N]

[O]
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design iterative procedure
10.0 Iteration
 

Af te r  theor i z ing  the  concept  o f  the  “Pump 
sys tem”  and  defin ing  i t s  work ing  pr inc ip le  and  
the  ma in  e lements  o f  the  sys tem severa l  
aspects  have  been  deepened in  o rder  to  get  i t  
f rom the  paper  to  a  work ing  concept .
When approach ing  the  i ssue  o f  an  “ infla tab le  
dapt i ve  chamber”  many  b l ind  spos ts  appeared  
dur ing  the  i te ra t i ve  pa th ;  fi rs t  o f  a l l  the  i ssue  
emerged wh i le  dea l ing  w i th  infla ted  ( so f t  
bod ies )  de formed under  the  flow o f  a  flu id .  I t  i s  
very  hard  to  p red ic t  the  behav iour  o f  such  
sys tems and  the  des ign  pa th  requ i red  many  
more  pro to types  and  tes ted  samples  than  o ther  
p ro jec ts  o r  in  the  case  o f  usua l  p roducts / r ig id  
bod ies .
The  second cha l leng ing  aspect  when des ign ing

(or  more  in  genera l  p ro to typ ing )  so f t  bod ies  
ac tua ted  by  a i r  i s  a i r  leackage.  I t  i s  very  hard  to  
c rea te  a  per fec t l y  t igh -sea led  pressur i zed  a i r  
chamber,  espec ia l l y  i f  i t  has  to  be  D IY-made or  
i t  can  hard ly  a�ect  sys tem eva lua t ion  dur ing  
tes ts  (no  in te res t  in  evea lua t ing  chambers  not  
re ta in ing  a i r  o r  leack ing  dur ing  tes ts ) .  
For  th i s  and  o ther  reasons ,  the  des ign  and  tes t  
phase  o f  the  pro jec t  has  been  very  cha l leng ing  
and  has  undergone many  i te ra t ions  and  ev lou-
t ions  dur ing  the  process .
Under  th i s  c i rcumstances ,  the  sys tem has  been  
focused in  the  deve lopment  and  imp lementa -
t ion  o f  those  spot ted  as   key  e lements  o f  the  
sys tem,  here  repor ted  w i th  the  re la t i ve  aspects  
cons idered :

va lve  eva lua t ion  and  se lec t ion :  
-  suppor t ing  documenta t ion  
-  opera t ing  pr inc ip le  
-  va lve  p lanar i t y  ( two-d imens iona l )  
-  d imens ions  -  p ressure  /  flow eva lua t ion
-  infla t ion  res i s tance  tes t  (ba l loon )  
-  permeab i l i t y  tes t  (ba l loon )

chamber  eva lua t ion  and  cons t ruc t ion :
 suppor t ing  documenta t ion  -

 opera t ing  pr inc ip le  -
techno logy  se lec t ion  -

mater ia l  /  mat  ca tegor ies  se lec t ion .  -
 we ld ing  tes ts  -

 permeab i l i t y  and  a i r  leakage tes ts  -
 fi t  and  comfor t  tes t  on  mask  -

va l ida t ion  o f  geomet ry,  e las t i c i t y  and  infla t ion  -

AIR CHAMBER PUMPING SYSTEM

192 
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The  fi rs t  (and  most  re leveant )  e lement  o f  the  
“Pump sys tem”  des ign  i s  the  infla tab le  chamber.
The  des ign  o f  the  cush ion  has  undergone many  
phases  and  i s  a t  the  center  o f  the  pro jec t  
deve lopment ;  i t  i s  s t r i c t l y  l i nked  w i th  the  o ther  
ha lve  o f  the  assembly  (pumping  sys tem)  and  has  
been  tes ted  in  d i�erent  se ts  o f  combinat ions  
dur ing  the  var ious  phases  o f  the  process .
The  c ruc ia l  func t ion  to  be  per fo rmed by  the  
chamber  i s :  “ the  ab i l i t y  to  de form and  s t i�en  
under  the  app l i ca t ion  o f  a  p ressur i zed  a i r -flow,  
thus  by  adapt ing  and  match ing  user  face”.
To  obta in  the  des i red  behav iour  many  tes ts  had  
been  taken  out  and  the  fo l lowing  parameters  
appeared  to  be  the  ones  influenc ing  the  most  
e�c iency  o f  the  component :

The  research  has  moved in to  the  ident i fac t ion  
and  eva lua t ion  o f  the  cor rec t  cand ida te  under  
th i s  3  parameters .  Many  mater ia l  ca tegor ies  
and  geomet r ies  were  eva lua ted  in  combinat ion  
o f  chamber  th ickness  and  o ther  e lements  o f  the  
sys tem.  In  the  fo l lowing  pages  a  shor t  overv iew 
i s  g iven  on  ma in  cho ices  and  tes ts  car r ied  out  
dur ing  the  se lec t ion  and  des ign  o f  th i s  
component .

 

shape and  geomet ry  o f  the  chamber

mater ia l  ca tegory  and  so f tness

mater ia l  th ickness

design iterative procedure
Air Chamber 10.1

 

e lements  o f  the  sys tem dur ing  pro to typ ing
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Shape and geometry
 

mask  harness  l ip  fla t  deve lopment

The  fi rs t  c ruc ia l  aspect  to  be  cons idered  in  the  
des ign  o f  the  func t iona l  “Pump sys tem”  i s  the  
geomet ry  (and  so  the  shape )  o f  the  infla tab le  
chamber.  S im i la r  to  the  “so f t  robot”  ca tegory  
the  shape o f  the  infla tab le  body  i s  respons ib le  
o f  the  in tended “deformat ion  sequence” ;  by  
cor rec t l y  des ign ing  the  cush ion  contour  we can  
d i rec t  the  body  to  de form under  a  p red ic ted  
pa th .  To  obta in  the  cor rec t  behav iour  f rom the  
sys tem,  mu l t ip le  tes ts  were  per fo rmed,  
chang ing  profi le  and  t ry ing  d i�erent  so lu t ions  
chang ing  chamber  pos i t ion  in  the  mask .
To  approach  the  prob lem i  s ta r ted  f rom ex is t ing  
BLS  ha l - face  mask  by  cons ider ing  the  fla t  
deve lopment  o f  the  l ip -harness .  I  s ta r ted  
reason ing  and  sketch ing  f rom the  fo l lowing  
configura t ion :

oronasa l  l ip  p ro jec ted
sur face  a rea

 sur face  fla t  deve loped

3D sur face  deve lopment
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Working principle

As  a forement ioned,  many  tes ts  were  per fo rmed 
in  o rder  to  define and  ind iv iduate  the  most  
e�ect i ve  sea l ing  and  adapt i ve  chamber.  A f te r  
severa l  da tas  co l lec ted  I  ended up  mov ing  away  
f rom the  “c lass ica l ”  concept ion  o f  o ronasa l  
harness ing  l ip  and  i  redefined the  te rm and  i t s  
func t ion  on  the  mask  work ing-pr inc ip le .  I  w i l l  
here  p resent  ma in  d i�erences  between the  
ex is t ing  pr inc ip le  and  the  one  deve loped dur ing  
my  pro jec t .

Actual mask - passive fit

As  deep ly  ana lyzed  in  chapter  3  (Face  maks )  the  
so lu t ion  ac tua l l y  pu t  in  p lace  to  ensure  t igh t  
sea l ing  in  negat i ve  p ressure  ha l f - face  masks  i s  
a  s imp le  e las t i c  harness ing  l ip .  The  l ip  i s  
p re formed in  a  way  i t  a l ready  tends  to  match  
face  shape (usua l l y  45°  t i l ted  to  the  in te r io r )  
and  becomes  comple te ly  fo rmed when the  face  
i s  penet ra t ing  the  flex ib le  dome under  the  
tens ion ing  fo rce  induced by  laces .

The Pump - adaptive fit

The d i�erence  compared  to  t rad i t iona l  sys tem 
can  be  found ma in ly  under  two perspect i ves :
fi rs t ,  the  l ip  i s  no t  “pre - fo rmed”  anymore  but  
cons is ts  in  a  fla t  th in  sheet ,  much  shor te r  and  
less  deeper  than  or ig ina l  l ip .  The  sheet  w i l l  be  
eas i l y  and  comple te ly  de formed when wear ing  
the  mask  w i thout  the  need o f  spec ia l  fi ts  o r  
fo rces .
Second,  the  fo rmed sheet  can  be  infla ted  w i th  
p ressur i zed  a i r  in  o rder  to  s t i�en  the  s t ruc tu re  
and  fi l l / compensate  any  eventua l  gap  or  ho le .

infla tab le  chamber  shape i te ra t ion

v1

v2

v5

v6

vn vers ion  number

inner  channe l

v3

v4

mask  pos i t ion ing
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Mater ia l  tes ted :

-  S i l i cone

-  TPU

-  PVC

-  EVA

-  TPU coated  Ny lon  

 

Eng ineer ing10.0

Material
 

ex .  o f  chambers  made o f  d i�erent  mater ia l s

In  o rder  to  o r ien t  myse l f  in  the  se lec t ion  o f  the  
cor rec t  mater ia l  fo r  the  cons i tu t ion  o f  the  
chamber  I  s ta r ted  by  a  fi rs t  s tep  moved by  
genera l  documenta t ion  and  spec ific  in -fie ld  
research ,  fo l lowed by  a  ser ies  o f  sampl ing  tes ts  
(manufac tu r ing ,  compat ib i l i t y,  genera l  
behav iour,  spec ific  mater ia l   conduct ) .  
F i r s t  insp i ra t ion  and  documenta t ion  has  been   
adopted  and  researched s ta r t ing  f rom indus t r ia l  
bes t -p rac t i ces  and  case  s tud ies ;  the  emerged 
cand ida tes  were  than  re fe r red  to  the  spec ific  
requ i rements  o f  the  pro jec t  and  eva lua ted  
th rough  a  ser ies  o f  tes ts  in  o rder  to  define 
va luab i l i t y  and  su i tab i l i t y  o f  the  mater ia l  fo r  the  
pro jec t .  
S ince  ear l  des ign  phases  o f  the  pro jec t  the  
mater ia l  and  process  se lec t ion  has  been  car r ied  
out  s ide  by  s ide  in  the  a t tempt  o f  merg ing  the  
manufac tu r ing  and  product i ve  aspect  w i th  the  
func t iona l  requ i rements  o f  the  mater ia l .  In  th i s  
phase  a l so  ava i lab i l i t y  and  semi -fin ished 
product  fo rm/s ta te  were  cons idered  in  o rder  to  
define and  des ign  the  subsequent  p rocess  to  be  
app l ied  dur ing  manufac tu r ing .

Techno logy  tes ted :

-  Cas t ing

-  In jec t ion  mou ld ing

-  3D Pr in t ing

-  HF  we ld ing

-  U l t rasound we ld ing

-  Thermal  we ld ing

-  Thermoforming
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These  po lymers  cons is t  o f  syn thet i c  compounds  
iner t  in  na tu re  such  as  s i loxanes ,  wh ich  a re  
made up  o f  a toms o f  s i l i con  and  oxygen  wi th  
carbon  and  hydrogen.  I t  i s  w ide ly  adopted  in  
the  indus t ry  fo r  i t s  un ique  proper t ies  such  as  
heat  res i s tance,  pass iv i t y,  b io log ica l  
compl iance  and  (more  influent  fo r  the  scope o f  
the  pro jec t )  so f tness  and  e longat ion .  For  the  
scope o f  the  pro jec t  mu l t ip le  tes ts  w i th  
d i�erent  p la t inum-based-s i l i cone  (p la t inum 
ca ta lys t  to  in i t i a te  the  cur ing  phase )  were  
car r ied  on .  The  fo l lowing  hardness  were  tes ted :

Shore  A45
Shore  A30
Shore  A15

hard
medium
sof t

TPU A60 100 mic ron
TPU A40 50 mic ron

hard
medium

Af te r  per fo rming  in i t i a l  tes ts  and  eva lua t ing  
mater ia l  p roper t ies  a  fi rs t -macro  se lec t ion  was  
made.  Two appeared  to  be  the  most  p romis ing  
ca tegor ies  o f  mater ia l s  w ich  were  deepened 
and  fu r ther  inves t iga ted .

Material choice
 

Silicone
 

TPU or  Thermoplas t i c  Po lyure thane  i s  a  
ca tegory  o f  p las t i c  c rea ted  when a  po lyadd i t ion  
reac t ion  occurs  between d i i socyanate  and  one  
or  more  d io l s .  They  a re  w ide ly  employed in  the  
indus t ry  as  a  so f t  eng ineer ing  p las t i c  o r  as  a  
rep lacement  fo r  hard  rubber ;  represents  a  va l id  
a l te rna t i ve  to  s i l i cone,  p resent ing  s im i la r  
p roper t ies .  I t  has  been  se lec ted  fo r  i t s  so f tness  
and  s imp l i c i t y  to  be  manufac tu red  and  
processed.  Two d i�erent  TPU grade  were  
processed  and  eva lua ted  dur ing  tes ts :

(TPU) Thermoplastic-urethane
 

se l f -made s i l i cone  sheets  (0,6 -0,2  mm th ick )

TPU sheets  (0,5 -0,1  mm th ick )
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inflation with twin layers

inflation with structural layer

joining method

Eng ineer ing10.0

Material thickness
 

The behav iour  o f  the  cush ion  and  the  capab le  
e longat ion  o f  the  chamber  dur ing  infla t ion  i s  
s t r i c t l y  re la ted  to  the  th ickness  and  hardness  o f  
the  mater ia l  i t se l f.  For  th i s  reason  d i�erent  
combinat ion  o f  mater ia l s  and  mater ia l  
th icknesses  has  been  eva lua ted  dur ing  the  
deve lopment  phase.  A t  the  core  o f  the  tes t ing  
and  eva lua t ion  procedure  there ’s  the  mak ing  o f  
the  chamber,  ob ta ined  f rom weld ing /bond ing  
together  two layers  o f  the  same mater ia l  (p lanar  
o r /and  non-p lanar )  in  o rder  to  define the  
infla tab le  a rea ,  as  shown in  the  p ic tu re  be low.  
The  spec ific  behav iour /de format ion  o f  the  
chamber  under  the  influence  o f  a i r  was  
ca l ib ra ted  by  per fo rming  d i�erent  tes ts  in  
d i�erent  configura t ions .  An  example  i s  g iven  in  
p ic tu res  be low:

weld ing  or  bond ing  l ine

layer  camera

layer  camera

th in  layer

th icker  layer S i l i cone  1 -0.2  mm

TPU 0.3 -0.1  mm

pic tu re  showing  s i l i cone  infla ted  c i rcu i t
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cushion behaviour

ex .  fina l  de format ion

ex .  fla t  chamber

ex .  infla t ion  /  de format ion  t r igger

wider  sec t ion

=  same pressure

smal le r  sec t ion

Another  c ruc ia l  aspect  in  o rder  to  guarantee  
and  eva lua te  concept  e�c iency  i s  the  coverage  
prov ided  by  the  mask  when the  infla tab le  
chamber  i s  worn  and  ac t i va ted .
As  p rev ious ly  spot ted  i t  i s  very  hard  to  p red ic t  
so f t  bod ies  behav iour  under  the  influence  o f  a i r ;  
fo r  th i s  reason  i  ident ified  3  parameters  tha t  
appeared  to  be  s t r i c t l y  re la ted  to  p roducts  
e�c iency  and  tha t  he lped  me a  lo t  in  the  des ign  
and  tes t ing  o f  the  sys tem:

Many  tes t  were  per fo rmed in  o rder  to  ident i f y  
and  reduce  defec ts  in  the  des ign  o f  the  
chamber  and  to  make i t  “fi t tab le”  to  most  o f  
v i sages .  The  e�c iency  o f  the  sys tem has  been  
ach ieved  by  spot t ing  and  defin ing  the  cor rec t  
a reas  where  d i rec t ing  the  pressure .  The  bes t  
per fo rmance  has  been  observed  w i th  a  
cont inuos  channe l  (a lmost  cons tan t  w id th )  
inc reased where  needed by  ra i s ing  the  s tep  o f  
the  chamber.  Wa l l  th ickness  was  reduced 
(0.2mm)  in  o rder  to  p rov ide  the  same 
deformat ion  w i th  less  p ressure  demand.

bags  shape and  d is t r ibu t ion

area  o f  in te res t  on  mask

pressure  induced
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UMBRELLA UMBRELLA 2 UMBRELLA 3

FLAT CHECKDEGAS BUTTON DUCKBILL DEGAS LAMINATED

-  sys tem flatness
-  quant i t y  o f  a i r  in t roduced by  every  push
-  low c rack ing  pressure
-  h igh  backward  pressure  res i s tance
-  comple te  sea l ing
-  jo ined/bonded/a t tached to  chamber

tes ted  va lves  overv iew

key  parameters  in  the  defin i t ion  o f  the  pump:

The  o ther  ma in  assembly  inves t iga ted  dur ing  
the  c rea t ion  and  imp lementa ion  o f  the  “Pump 
sys tem”  i s  the  infla t ion /pumping  sys tem i t se l f.
The  sys tem has  to  p rov ide  the  ma in  func t ion  o f :  
“s to r ing  an  a i r  vo lume (capac i ty )  to  be  re leased  
under  a  t r igger  and  dr i ven  in to  the  infla tab le  
chamber,  thus  thanks  to  a  one-way  check  va lve  
and  prov id ing  t igh t  sea l ”.  The  sys tem (because  
o f  de isgn  cho ices )  a l so  wanted  to  be  manta ined  
ana log ica l  and  as  sma l l  ( fla t )  as  poss ib le .  
For  th i s  reason  the  cur ren t  sys tem was  
deve loped,  cons is t ing  o f  3  ma in  components :  
the  e las t i c  dome,  the  one-way  check  va lve  and  
va lve ’s  hous ing .  In  o rder  to  cor rec t l y  des ign  
and  se lec t  sys tem components ,  func t iona l  tes ts  
were  car r ied  on  and  a  l i s t  o f  key  parameters  
a�ect ing  the  success  and  e�c iency  o f  the  
employed so lu t ions  were  t raced .  In  th i s  way  i  
had  the  chance  to  compare  and  imp lement  
d i�erent  aspects  o f  the  sys tem and  the  
procedure  he lped  me a  lo t  in  the  unders tand ing  
the  influence  brought  by  every  s ing le  
component  in  the  overa l l  assembly.
The  parameters  repor ted  in  the  be low l i s t  a re  
those  a�ect ing  the  most  syhs tems success .  
I t  appeared  c lear  how the  va lve  and  the  des ign  
o f  i t s  hous ing  were  p lay ing  a  c ruc ia l  ro le  in  the  
deve lopment  o f  the  concept .

foto DI TUTTI I PUMP

foto comparativa tenuta

foto test valvoledesign iterative procedure
10.2 Pumping system
 

s t r i c t l y  re la ted  to
va lve  des ign

tes ts  per fo rmed on  d i�erent  chambers
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crack ing
pressure

backward
pressure

Working principle

Represent ing  key  e lemets  in  the  defin i t ion  and  
rea l i za t ion  o f  the  work ing  mechan ism,  the  va lve  
and  i t s  hous ing  have  been  a t  the  center  o f  the  
ent i re  Pump sys tem deve lopment .  For  th i s  
reason  they  have  been  s tud ied  in  depth  and  
sub jec ted  to  mu l t ip le  tes ts  (permeab i l i t y,  
e�c iency,  fi l l i ng  capac i ty  and  a i r  re ta in ing  
proper t ies ) .

Air leak

One o f  the  b igges t  cha l lange  to  overcome when 
des ign ing  an  infla tab le  sys tem i s  tak ing  care  
and  manag ing  a i r  leakage dur ing  a r rangement  
eva lua t ion .  For  th i s  reason  the  in i t i a l  e�or ts  
were  put  in  the  defin i t ion  and  search  o f  an  
e�c ient  non- re tu rn  va lve ,  in  combinat ion  w i th  a  
good sea l ing  hous ing ,  in  o rder  to  guarantee  
fi l l i ng  o f  the  chamber  w i thout  deflat ion .  For  
s tudy ing  va lve  +  hous ing  behav iour  severa l  
tes ts  were  a r ranged ( fo r  ex .  a i r  leackage in  a  
p ressur i zed  env i roment  o r  a i r  re ta in ing  capac i ty  
o f  the  va lve  as  shown in  p ic tu res  on  the  le f t ) .a i r  vent

a i r  vo lume

flat  va lve

push ing  dome

open ing  va lvesea l ing  profi le

sea l ing  e�c iency  tes t
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SOFT-ROBOT

ANESTHESIA MASK
silicone v1

silicone v2

silicone v3

silicone v4

umbrella 2

duck valve

flat check

umbrella valve TPU bag

thermoformed

thermoformed

manufacturing process
10.3 Pump project evolutive phases
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final asset

umbrella v3
+

housing

silicone v6

REEBOK PUMP

degas laminated

degas button

textile

textile v2

combined

PERSONAL

umbrella 3 silicone v5

I n  th i s  scheme the  comple te  road  to  the  Pump sys tem defin i t ion .
The  evo lu t ion  o f  the  concept  can  be  here  v i sua l i zed  among d i�erent  p ro jec t  
phases ;  in  every  phase  the  sys tem has  been  se t -up  on  mask  and  tes ted  
mu l t ip le  t imes  to  eva lua te  e�c iency  and  user  percept ions .
The   phases  (and  geomet r ies )  were  deve loped and  insp i red  by  the  3  ma in  
work ing  pr inc ip le  ana lyzed  and  s tud ied  dur ing  the  research  phase  (g reen  
t i t les  on  the  scheme) ;  a  las t  deve lopment  pa th  was  ind iv idua l l y  theor i zed  by  
the  feedbacks / inputs  rece ived  dur ing  sample  eva lua t ions .  An  inc rementa l  
approach  was  app l ied  to  the  Pump case  s tudy  and  every  new des ign  has  
been  c rea ted  based on  h in ts  and  observa t ion  der i ved  by  p rev ious  vers ion .   
An  overv iew i s  g iven  on  d i�erent  combinat ions  o f  mater ia l s ,  components  and  
geomet r ies  tes ted  dur ing  the  des ign  process .
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key elements and design considerations
10.4 Final considerations on components
 

SILICONE v6 +

- highly elastic body 
- thin wall thicknesses 
  (contained material) 
- "flat" manufacture  
- small amount of air required
- profile/shape optimization
- channel optimization

bi-dimensional (flat) -
short and small (not deep) -

 one-way effectiveness -
adjustable flow -

backpressure resistance -
weldable/jointable -

 durable -

UMBRELLA VALVE v3

Here  presented  the  fina l  cand ida te  components  
to  be  equ ipped on  the  fi rs t  vers ions  o f  the  
“Pump sys tem”.  As  p rev ious ly  seen  an  ent i re  
inves t iga t ion  was  centered  on  these  2  aspects  
(pump and  chamber )  to  ident i f y  bes t  
components  fo r  the  cause.  In  the  be low p ic tu re  
the  fina l  components  a re  repor ted ,  se lec ted  
a f te r  a  ser ies  o f  tes t  and  eva lua t ions .

In  o rder  to  p roceed to  a  fina l  and  comple te  
configura t ion  o f  the  product  o ther  aspects  were  
brought  in to  p ro jec t  perspect i ves ,  thus  t ry ing  to  
converge  and  a l l ign  a l l  e�or ts  in  the  packag ing  
o f  the  u l t imate  so lu t ion ,  cons ider ing  the  des ign  
o f  every  s ing le  e lement .  In  the  fo l lowing  pages  
an  overv iew o f  macro- themes  approached 
dur ing  the  i te ra t i ve  phase  i s  g iven .  For  every  
i te ra t i ve  phase  key  parameters  and  researched 
per fo rmances  a re  h igh l igh ted .

 

204
 



03.1 Ana l i s i  u ten t iEng ineer ing10.0

- dimensioning
- functioning
- coupling and integration with 
   the air chamber system 
- high flow transmission
- no leakage

INFLATING VALVE AND EXHALATION VALVE1

- bond silicone + other materials
- sealed chamber (tightproof) 
- no leakage 
- air volume sizing 
- guided deformation check

INTEGRATING CHAMBER + VALVES2

- pump to be accessible to user 
- impermeabilità interno
- substitution & manutention aspects
- estetic and 
- mask body engineering

INTEGRATION WITH FACE MASK3
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personal iteration
10.5 Prototyping and testing
 

Personal motivations
 

As  w ide ly  ment ioned dur ing  the  thes is ,  one  o f  
the  most  demand ing  aspects  o f  the  pro jec t  has  
been  des ign ing  so f t -e las t i c  bod ies  to  be  
deformed under  the  pressure  induced by  a i r.
For  th i s  reason  the  pro to typ ing  and  tes t ing  
ac t i v i t y  represented  a  key  too l  in  the  
deve lopment  and  ground ing  o f  the  Pump 
sys tem.
The  pro to typ ing  ac t i v i t y  has  undergone many  
phases  and  suppor ted  the  deve lopment  o f  the  
pro jec t  s ince  ear l y  s teps .  Th is  a l lowed to  
p roceed fas te r  in  p roduct  eva lua t ion ,  
imp lementa t ion  and  fina l  se lec t ion  o f  the  
components ,  espec ia l l y  in  re la t ion  w i th   
m i les tones .  Because  o f  a  w i ld  exper imenta t ion  
(espec ia l l y  dur ing  fi rs t  phases  o f  the  pro jec t )  
many  scenar ios  were  hypothes ized  and  
d i�erent  p roduct i ve  techn iques  app l ied  to  
mater ia l  ca tegor ies ;  th i s  requ i red  a  huge 
pro to t ipy ing  e�or t  and  many  i te ra t i ve  s teps .  In  
th i s  sec t ion  o f  the  thes is  i ’ l l  p rov ide  a  shor t  
descr ip t ion  and  a  resume o f  reason ing  beh ind  
the  deve loped pro to types .

Dur ing  the  years  o f  s tudy  a t  Po l iM i  and  outs ide  
ac t i v i t ies  i  had  the  chance  to  mature  knowledge 
and  pass ion  in  the  w ide  fie ld  o f  p ro ty ip ing .  
Dur ing  las t  years  i  s ta r ted  to  ac t i ve ly  
co l labora te  w i th  compan ies  fo r  means  o f  
p roduct  deve lopment  and  pro to typ ing  and  what  
s ta r ted  as  a  hobby  became my fu l l - t ime 
occupat ion  and  ma in  in te res t  nowdays .
I  a lways  a im to  inc lude  func t iona l  p ro to types  
s ince  very  ear l  p roduct  deve lopment  phases  as  
a  too l  o f  inc red ib le  va lue  a l lowing  to  use  and  
eva lua te  rough  concepts .  For  th i s  p ro jec t  even  
more,  i  had  to  re ly  on  func t iona l  p ro to types  as  
the  on ly  too l  capab le  o f  eva lua t ing  and  
quant i f y ing  pro jec t  advancement .    

some o f  the  mater ia l  co l lec ted  dur ing  pro to typ ing
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1 - WeldingPrototyping

I n  the  fo l lowing  pages  a  shor t  overv iew i s  g iven  
on  d i�erent  p roduct i ve  techn iques  employed in  
the  pro to typ ing /  eva lua t ing  phase  o f  the  
pro jec t .  A  par t i cu la r  focus  i s  pu t  on  the  re la t ion  
between rea l i zed  components ,  func t ion  to  be  
per fo rmed,  mater ia l  ca tegory  and  the  app l ied  
manufac tu r ing  method.

Weld ing  i s  a  fabr ica t ion  process  whereby  two or  
more  par ts  a re  fused  together  by  d i�erent  
means ,  thus  obta in ing  a  s ing le ,  suppor t i ve  par t .
We ld ing  techn iques  a re  usua l l y  re fe r red  to  
meta ls  and  thermoplas t ,  the  la t te r  was  the  
app l i ca t ion  in te res t ing  to  the  scope o f  my  
pro jec t . I  used  we ld ing  techn iques  in  the  
in i t i a l /eva lua t i ve   phase  o f  the  pro jec t  to  
inves t iga te  mater ia l  ca tegor ies  and  jo in ing  
methods .  The  inves t iga t ion  was  car r ied  on  to  
combine  and  eva lua te  sheets  in  the  c rea t ion  o f  
an  infla tab le  chamber  and  the  ab i l i t y  to  bond i t  
w i th  the  o ther  e lements  o f  the  sys tem.  Th is  
were  the  we ld ing  techn iques  ana lysed :

thermal  weld ing

wi th  a  heat  source  (usua l l y  a  res i s t i ve  meta l  
pa th )  and  induc ing  compress ion   thermoplas t  
mater ia l  a re  jo ined .  Th is  techn ique  was  app l ied  
in  case  o f  TPU sheets  o r  TPU coated  ny lon ,  w i th  
the  use  o f  meta l  bu i l t  c i r cu i t ing  d ie .

HF weld ing

High  F requence  we ld ing  i s  a  manufac tu r ing  
process  where  two p las t i c  par ts  a re  we lded 
together  us ing  an  e lec t romagnet ic  fie ld .  I t  has  
been  employed wi th  TPU and  PVC sheets  to  
c rea te  and  eva lua te  infla tab le  chamber  
so lu t ions .

ul t rasonic  weld ing

i s  a  so l id -s ta te  we ld ing  process  tha t  p roduces  a  
we ld  by  loca l  app l i ca t ion  o f  h igh- f requency  
v ib ra tory  energy  wh i le  impress ing  pressure  to  
the  workp iece.  Th is  techno logy  has  been  used  
to  we ld  and  mechan ica l l y  bond components  
made o f  d i�erent  mater ia l s ;  in  par t i cu la r  i t  
resu l ted  very  use fu l l  to  tes t  mater ia l  
compat ib i l i t y  when a t tach ing  the  r ig id  e lements  
o f  the  sys tem to  the  infla tab le  chamber.

h igh- f requency  we lded par ts

u l t rason ic  we lded samples

thermal  we lded par t
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FDM Printing

parts  and components

weld ing  samples

2 - Additive Manufacturing

3D pr in t ing  or  Add i t i ve  Manufac tu r ing ,  as  
techno logy  in  genera l ,  ga ined  much  popu la r i t y  
and  d i�us ion  dur ing  las t  years ,  espec ia l l y  fo r  
rap id  p ro to typ ing  purposes .
I  am a  lucky  owner  o f  a  sma l l  3D  pr in t ing  fa rm 
and  3D pr in t ing  enthus ias t .  I  a l so  had  the  
chance  to  pu t  the  hands  on  BLS  indus t r ia l  SLA  
pr in te r  dur ing  the  course  o f  my  in te rsh ip .  
3D pr in t ing  represented  a  key  too l  to  inc rease  
product i v i t y  and  to  sus ta in  the  product  among 
d i�erent  aspects  fo r  the  ent i re  p roduct  
deve lopment .  Two were  the  ma in  techno log ies  
employed in  the  AM fie ld  dur ing  the  
deve lopment :  FDM pr in t ing  and  SLA  pr in t ing

As  known as  Fused  Depos i t ion  Mold ing ,  
represents  p robab ly  most  d i�used AM 
techno logy  in  the  wor ld .  The  processed  
mater ia l  ca tegory  a re  thermoplas t i c  po lymers ,  
tha t  can  be  mol ten  and  depos i ted  to  coo l  down 
and  harden .  Wi th  th i s  techno logy  many  d i�erent  
po lymers  can  be  processed  by  the  same 
mach ine  and  there fore  i t  was  ma in ly  app l ied  to   
func t iona l  p ro to typ ing  and  mater ia l  sampl ing  
and  eva lua t ion .  Dur ing  the  deve lopment  o f  the  
pro jec t  i t  was  employed fo r  the  fo l lowing  
reasons :

many  par ts  and  components  were  3D pr in ted  
dur ing  tes ts  and  sys tem tun ing .  I t  was  ma in ly  
employed fo r  func t iona l  mechan ica l  par ts  (ex .  
snap-fi ts ,  th reads . .  e tc ) .

thermoplas t  can  be  eas i l y  reprocessed  or  
therma l l y  bonded;  FDM techno logy  was  c ruc ia l  
in  o rder  to  p rocess  d i�erent  mater ia l s  to  c rea te  
we ldab le  samples  (PLA ,  ABS,  TPU,  PP,  PA . . )  and  
to  tes t  the  compat ib i l i t y  be tween mater ia l s .

mask  mou ld  dur ing  FDM pr in t ing

d i�erent  mater ia l s  FDM pr in ted  samples

 FDM func t iona l  p r in ted  par ts
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SLA Printing

SLA techno logy  i s  g rowing  in  popu la r i t y  and  
d i�us ion  dur ing  the  las t  years .  I t  a l lows  to  get  
very  c lean  and  accura te  par ts  w i th  a  re l iab le  
and  very  h igh-speed workflow by  se lec t i ve ly  
harden ing  photosens ib le  res ins  ( thermoset  
po lymers ) .  Another  advantage  o�ered  by  th i s  
techno logy  i s  the  c rea t ion  o f  very  “dense”  par ts  
charac ter i zed  by  a  h igh  compact ion  coe�cient ,  
tha t  can  be  used  fo r  a i r  t igh t  app l i ca t ion .  For  
th i s  reason  res in  p r in t ing  was  used  fo r  the  
fo l lowing  app l i ca t ions  in  the  pro jec t :

molds

FDM pr in t ing  represnts  a  g rea t  too l  in  o rder  to  
c rea te  cheap and  fas t  mou lds .  Mou lds  obta ined  
f rom 3D pr in t ing  can  be  employed fo r  
co ld / l iqu id  cas t ing  or  in jec t ing  res ins  and  
rubbers .  I t  has  been  o f  inc red ib le  use  dur ing  
the  who le  deve lopment ,  a l lowing  to  c rea te  fas t  
and  cus tom molds  when needed.

final  par ts  and components

SLA pr in t ing  has  been  used  in  the  c rea t ion  o f  
fina l  components .  A f te r  eva lua t ing  and  defin ing  
e lements  by  FDM sampl ing  and  tes t ing ,  fina l  
par ts  were  rea l i zed  in  res in .  Th is  a l lowed me to  
ver i f y  and  check  c loser  to le rances  and  avo id  a i r  
leakage when eva lua t ing  t igh t  sea l  o r  va lve  
re tent ion  dur ing  las t  phases  o f  the  pro jec t .

dies  and test ing  equipment

s imi la r  to  molds ,  3D pr in t ing  was  used  to  c rea te  
cu t t ing  mask  or  p rocess ing  d ies .  In  genera l  FDM 
pr in t ing  has  been  o f  g rea t  use  dur ing  the  who le  
p rocess  suppor t ing  the  c rea t ion  o f  too ls  and  
equ ipments  spec ifica l l y  rea l i zed  fo r  par ts  
tes t ing .

FDM pr in ted  mou lds  and  molded par ts

fina l  e lements  o f  the  assembly

weld ing  and  cas t ing  FDM pr in ted  d ies
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t ight -proof  par ts

potent ia l s  o f  the  techno logy  has  been  used  on  
many  components  dur ing  the  i te ra t i ve  and  
eva lua t i ve  phase.  SLA  pr in t ing  a l lows  to  obta in  
t igh t -p roof  par ts  tha t  can  be  submi t ted  to  flow 
s imu la t ions  and  tes ts ;  th i s  fo r  func t iona l  
components  and  eva lua t i ve  too ls /  adapters .

s lab  layers

open molds  were  used  in  o rder  to  c rea te  and  
define infla tab le  chamber  wa l l s .  L iqu id  mater ia l  
i s  poured  and  le f t  to  se t t le  in  mo ld  cav i t ies  
un t i l l  comple te ly  hardened.  In  th i s  way  very  th in  
mater ia l  depos i t ions  a re  poss ib le  (up  to  0.2mm)

molds

fo r  i t s  h igh  accuracy  and  to le rances  SLA  
pr in t ing  has  been  used  fo r  the  c rea t ion  o f  
p rec ise  molds  o r  in  app l i ca t ions  such  as  
mic ro -mold ing  or  over -mold ing  fo r  cer ta in  
spec ific  components .  On ly  some mater ia l  
ca tegor ies  can  be  cas ted / in jec ted  because  the  
res in  ac ts  as  inh ib i to r  fo r  most  o f  the  ca ta lys t  
used  dur ing  processes .

3 - Casting

Cast ing  i s  a  manufac tu r ing  process  in  wh ich  a  
l iqu id  mater ia l  i s  usua l l y  poured  in to  a  mold ,  
wh ich  conta ins  a  ho l low cav i t y  o f  the  des i red  
shape,  and  then  a l lowed to  so l id i f y.  The  
so l id ified  par t  i s  a l so  known as  a  cas t ing ,  wh ich  
i s  e jec ted  or  b roken  out  o f  the  mold  to  
comple te  the  process .  For  the  means  o f  the  
pro jec t  cas t ing  was  employed on  b i -component  
thermoset  po lymers  and  res ins  ( s i l i cones  and  
epox ies  der i va tes  ma in ly )  fo r  the  c rea t ion  o f  
th in  mater ia l  s labs .  Here  an  overv iew o f  the  
app l i ca t ions :

t igh t -p roof  tes t ing  e lements  rea l i zed  in  SLA

s i l i cone  cas ted  layers  and  sandwich  bond ing

 FDM func t iona l  p r in ted  par ts
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4 - Injection molding

I n jec t ion  mold ing  i s  an  indus t r ia l  p roduct ion  
process  in  wh ich  a  thermoplas t i c  mater ia l  i s  
me l ted  and  in jec ted  under  h igh  pressure  ins ide  
a  c losed  mold ,  wh ich  i s  opened a f te r  the  
so l id ifica t ion  o f  the  product .  Same as  fo r  the  
cas t ing  process ,  fo r  D IY  in jec t -mou ld ing  
thermoset  res ins  a re  employed and  can  be  
in jec ted  d i rec t l y  in to  3D pr in ted  mold  cav i t ies .  
The  process  a l lows  to  p rocess  e las tomers  and  
res ins  der i v ing  f rom co ld -ca ta lys i s  and  to  
exp lo i t  a l l  the  common benefits  o f  
common-d i�used in jec t ion  mold ing .  Th is  
p rocess  has  been  app l ied  to  manufac tu re  the  
fo l lowing   e lements  dur ing  the  product  
deve lopment :

gaskets  and sof t  hous ings

pour ing  l iqu id  s i l i cone  in to  open  or  c losed  
molds  a l lows  to  obta in  e las t i c  gaskets .  Gaskets  
were  employed a t  d i�erent  s tages  in  o rder  to  
sea l  and  i so la te  the  infla tab le  sys tem c i rcu i t  o r  
to  house  r ig id  components .

elast ic  e lements

s i l i cone  in jec t ion  mold ing  has  been  used  in  the  
fabr ica t ion  o f  so f t /e las t i c  e lements .  S ince  the  
core  o f  the  pro jec t  i s  an  infla tab le  sys tem,  the  
use  and  app l i ca t ion  o f  th i s  techno logy  has  been  
w ide ly  app l ied  fo r  d i�erent  p ro jec t  means ,  in  
some cases  d i rec t l y  app l ied  to  infla tab le  e las t i c  
chambers .

valves

to  rea l i ze  and  tes t  d i�erent  t ypes  and  s i zes  o f  
va lves ,  in jec t ion  mold ing  has  been  employed.  
D i�erent  hardness  range o f  s i l i cone  ( 15 /30/45  
shoreA )  were  used  and  a l lowed to  ident i f y  the  
most  su i tab le  cand ida te .

in jec t ion  molded s i l i cone  par ts

s i l i cone  non- re tu rn  ( check )  va lves

e las t i c  domes  and  so f t  gaskets

211
 

[Aa]

[Bb]

[Cc]



03.1 Ana l i s i  u ten t iEng ineer ing10.0

incremental product evaluation
10.6 Testing
 

A c ruc ia l  aspect  fo r  p roduct  e�ect i vness  and  
fina l  behav iour  i s  how i t  responds  to  wear ing  
and  func t iona l  tes ts .
Bee ing  the  “Pump sys tem”  an  innovat ion  dr i ven  
by  the  core  func t ion  o f  p ro tec t ing  the  user  
wh i le  sav ing  h i s  l i fe  and  cons is t ing  in  an  
infla tab le  sys tem (and  so  very  suscept ib le  to  a i r  
leaks  and  loss  o f  p ressure )  the  sys tem had  to  be  
fine  tuned and  tes ted  dur ing  the  who le  
deve lopment  p rocess  in  o rder  to  obta in  a  
re l iab le  and  sa fe  hea l th  care  p roduct .
Compara t i ve  char ts  and  data  mat r i x  were  
co l lec ted  and  ana lysed  a f te r  every  tes t  
per fo rmed.  The  co l lec ted  resu l t s  were  used  to  
improve  success ive  product  spec iments  and  to  
converge  the  e�or ts  in  fina l  p roduct  asse t  
deve lopment .
In  th i s  page i  w i l l  shor t l y  cover  ma in  tes ts  and  
eva lua t ions  car r ied  on  dur ing  evo lout i ve  
phases .

mask bodies

to  s imu la te  fina l  manufac tu r ing  process  and  
product  aspect  many  t r ia l s  and  tes ts  were  
car r ied  on  e las t i c  mask  body  and  i t s  
manufac tu r ing  techn ique.  The  body  i s  obta ined  
f rom 3D pr in ted  sp l i t -mo lds .

pump dome and other  e lements

as  prev ious ly  ment ioned in jec t ion  mou ld ing  has  
been  w ide ly  used  fo r  the  product ion  o f  
e las t i c - rubber  components  dur ing  product  
deve lopment .  In  par t i cu la r,  in  the  pumping  
sys tem the  pump dome i s  en t i re ly  in jec ted .

over -mold ing

to  mechan ica l l y  jo in  two d i�erent  par ts  o r  to  
cover /g laze  mater ia l s  in  o rder  to  sea l  
components  over -mold ing  can  be  su i ted .  Over  
mo ld ing  cons is ts  in  an  in jec t ion  process  tha t  
depos i t s  mater ia l  over  a  p re - inser ted  par t ;  the  
flu id  mater ia l  can  be  bonded to  the  inser ted  
par t  in  a  chemica l  o r  mechan ica l  way.  Wi th  th i s  
p rocedure  i  was  ab le  to  obta in  TPU pump domes  
i so la ted  and  covered  w i th  s i l i cone  rubbers .   

5 - Gluing - Adhesives

Glu ing  i s  the  opera t ion  used  to  s t i ck  on  or  
together  w i th  an  adhes ive  mix tu re .  I t  i s  
commonly  used  in  indus t r ia l  app l i ca t ion  to  
permanent  bond d i�erent  components  in  
revers ib le  o r  non- revers ib le  ways .  Many  
d i�erent  adhes ives  a re  found on  market ,  
respond ing  to  spec ific  requ i rements  o r  mater ia l  
ca tegor ies .  For  Pump pro jec t  seeks  g lu ing  
agents  were  used  to  sea l  and  insu la te  
components  and  as  a  med ium between d i�erent  
(and  most l y  incompat ib le )  mater ia l s .  In  
par t i cu la r  epoxy  and  s i l i cone  g lues  were  used .

me tes t ing  the  sys tem on  mask  dur ing  in i t i a l  t r ies
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product ion  test

the  ma in  scope o f  th i s  tes t  i s  to  ga in  confidence  
and  ver i f y  eventua l  aspetc ts  o f  the  
manufac tu r ing  process  and  i t s  capab i l i t ies .  The  
ver ifica t ion  i s  per fo rmed s imu la t ing  the  
procedure  and  check ing  the  par ts  a f te r  
c rea t ion .
These  tes ts  can  be  employed to  ver i f y  
compat ib i l i t y  be tween mater ia l s  o r  spec ific  
p roper t ies ;  func t iona l  requ i rements  o f  a  
component  can  a l so  be  eva lua ted  and  
represents  a  good way  to  spot  de fec ts  and  
er rors  be fore  mass  p roduct ion .

fit  test

are  used  to  quant i f y  and  t race  the  ab i l i t y  o f  the  
mask  to  fi t  the  user,  the  expected  resu l t  i s  a  fi t  
fac tor.  Th is  tes t  i s  usua l l y  per fomed a t  the  
va l ley  o f  the  product  deve lopment  phase,  when 
product  i s  a lmost  comple te ly  defined,  in  o rder  
to  ver i f y  fina l  geomet ry  and  overa l l  behav iour.

comfor t  test

th i s  k ind  o f  tes t  i s  very  sub jec t i ve  and  may  
resu l t  d i fe rent  f rom user  to  user.  The  too l  was  
used  a t  d i�erent  s tages  o f  the  des ign  process  in  
o rder  to  eva lua te  and  ver i f y  infla tab le  chamber  
s i z ing  and  comfor t  on  v i sage.
S ince  one  o f  the  most  re levant  aspects  o f  the  
Pump sys tem i s  the  ab i l i t y  to  de form and  adapt  
to  d i�erent  faces  the  in tended ac t ion  had  to  be  
observed  and  tes ted  on  many  d i�erent  users .
Comfor t  tes ts  a re  on ly  qua l i ta t i ve  and  he lped  
me a  lo t  to  define opera t i ve  l im i t s  and  the  
shade to  be  covered  by  the  Pump ac t ion .  

resu l t s  o f  mater ia l  we ld ing  tes ts   

resu l t s  o f  mask  fi t - tes t ing  eva lua t ions

d i�erent  mask  mode ls  eva lua ted  fo r  fi t - tes t
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11.0 Comparison and conclusion
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product performance and final balance
11.0  Comparison and conclusions
 

In this last chapter i try to spot and highlight products main 

features comparing the PUMP system working-principle and 

general behaviour to ordinary respiratory face masks on 

market. 

The investigation aims to identify blind spots and threats in 

the current design as well as to define space for improvment 

of the PUMP concept.

The comparison has undergone qualitative and quantitative 

testing to check and evaluate di�erent features of the 

face-piece. During this activity the focus has been put on 

the mask body component, analysing the harness lip 

element in particular. 

Since the introduction of an inflatable adaptive harness has 

strongly influenced the way of wearing and sealing the 

mask, comparison was carried out considering these 

specific elements of the system.

On the right, the two masks can be seen in a side view; from 

this perspective the di�erence between the two profiles can 

be immediately recognized.

In the first case, with a standard mask, the harness curve is 

emphatizes and the profile tries to mimic anatomic shape of 

the face, it is usually folded inside the mask by 45° in the 

purpose of allowing normal (perpendicular) contact to 

visage; complete deformation and adhesion to face is 

obtained only when mask body is compressed against 

visage. 

In the case of the Adaptive-Fit the profile curve of the mask 

body is very steep and straight, the harness is a 

highly-deformable thin and flat element, void of any 

pre-deformation. Because of it’s elasticity the lip can be 

easily adapted to users visage while wearing the mask 

(passive action). The inflatable lip can then be inflated to the 

desired pressure, filling voids and compensating for an 

optimal and custom fit (active/adaptive action).

harness working principle

Eng ineer ing1 1 .0

[A]

[B]adaptive fit

 

classic harness

 

sealing fillet
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classic harness
 

adaptive fit
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before wearing the mask

 

flat layer

 

preformed harness

 

deformed layer

 

small compensation

 

after the mask is worn

 

1

2
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Classic harness 

In the ordinary half-face negative pressure mask systems 

the harness of the sealing lip is a preformed element of the 

rubber body. 

The pre-deformation is given by mask geometry/design and 

meant to match visage anatomy; final deformation on the lip 

is induced by the wearing action and regulation of 

tensioning laces. The fitting-principle can be considered as 

“passive” because it partially “anticipates” the acceptance 

of user face and can only partially compensate

Adaptive fit

The innovation introduced with the design of the PUMP 

system can be defined as an “Adaptive Fit”. The 

improvement applies to mask bodies sealing lip and 

consists in a disruptive new concept: the harness is made of 

a flat and thin elastic layer, without any pre-deformation 

induced; the harness is first deformed by user face when 

worn and complete pheripheral adhesion is obtained thanks 

to the thin (highly deformable) layer. Final compensation is 

gained through harness pump and inflation, providing 

custom fit and comfort to the user

2  un i t s  ( chamber  +  mask )  
more  sens is t i ve  to  tear /punch  
more  cos t l y  manufac tu r ing  
less  s i zes  requ i red
h igh  compensat ion  
adapt i ve  fi t
un i fo rm tens ion  
comfor tab le
qu ick  opera t ion
h igh  cus tomiza t ion

s ing le  un i t
very  durab le  and  res i s tan t

cheaper  manufac tu r ing
more  s i zes  requ i red

l im i ted  compensat ion
pass ive  fi t

h igh  lace  tens ion
d iscomfor t

l i t t le  cos tumiza t ion

CLASSIC HARNESS ADAPTIVE FIT

pros  and  cons :pros  and  cons :

Eng ineer ing1 1 .0
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In the last part of this chapter i decided to sum up all the 

positive and negative aspects related to the PUMP System 

design. I tried to look at the product with criticism and to 

write down pros and cons generated by products features. 

This activity is mainly oriented to empower and enhance 

further development of the product. A list of its capabilities 

and surrounding aspects of the concept are here deployed, 

all the analyzed themes were considered in relation to 

actual face-mask models on market:

Since the Adaptive-Fit mask concept is equipped with the 

inflatable PUMP System, overall complexity of the adaptive 

body is certainly greater than for other masks. The 

introduction of the inflatable chamber and inflating deflating 

elements results as a higher manufacturing cost

higher unit cost

The inflatable harness is made of two thin silicone sheets in 

the thickness of 0.2mm. With such a reduced thickness the 

chamber might represent a weak element for the assembly, 

exposed to possible damage 

breakable and fragile 

With the Adaptive Fit most of the issues related to mask 

fitting are simply solved. This allows to reduce the o�er of 

multiple sizes (S-M-L) by limiting the selection to a few 

sizes, compensated by the pneumatic action. This allows 

the company to save a lot of resources during 

manufacturing and logistic phases

stock reduction

One of the biggest advantage of the PUMP System is the 

ability to adapt and seal in a customized way for every user. 

The inflatable chamber is designed to adapt to visage and 

compensate for facial di�erencies; it can be regulated to 

custom fit

Another big advantage o�ered by the PUMP System is the 

comfort and feeling provided by the inflated cushion. Thin 

silicone sheets deform under pressure and create a soft 

sealing circuit; the inner pressure can be regulated by 

inflation/deflation mechanism. For this reason laces job is 

somehow mediated and less tensioning force is required to 

operate with the mask, thus improving comfort.

comfortable and quick

Eng ineer ing1 1 .0

[C]the  two sys tems in  compar i son
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final reflections
11.1  Conclusions
 

Not the end of the project 

Even if the project might be perceived as mature or close to 

realization the path behind the PUMP has just begun, and 

continually improves. 

A clarification is needed: the product configuration 

presented during the course of the thesis might di�er from 

actual product development, since many improvments and 

further iterations were put in place. Improvments and 

changings in the design are minimal and aim to optimize 

and  increase product performances, thus by meeting a 

simplier and straight forward manufacturing procedure.

Final considerations 

The overall product behaviour and considerations around 

the system are the same and can be shared between 

previous and more recent designs of the system:

the main concept and idea of the adaptive-fit is e�ective 

and face fit compensation can be obtained through the 

deformation of an elastic-pneumatic harness.

There is space for improvment in the shape of the chamber 

but the generated design provides a good and safe seal for 

most of the users and presents a behaviour very similar to 

ordinary mask harness when hardened by pressure.

Eng ineer ing1 1 .0

[D]me showing  and  d iscuss ing  the  PUMP concept  w i th  my  co l leagues
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It has been proved to be very hard (almost impossible) to 

reduce user face-fitting to a unique and single size; overall 

di�erencies among people result in a very pronunced 

variation from upper to lower threshold.

Therefore the concept could eventually be applied to 

reduce number of sizes currently on market, still meeting 

bigger and smaller face requirments. 

The other main advantage brought by the concept is to 

provide custom tightening and comfort in fit for every user, 

any time of use. For the following reasons potentials of the 

Adaptive-Fit introduced with te PUMP System are very high 

and represent a topic to be further deepended and fully 

discovered, even in other field of applications.

Searches and studies in the field will continue after 

graduation in order to walk the concept into production and 

marketing and to further investigate weak points and blind 

spots of the product.

The product development and definition couldn’t have been 

possible without a continuos and steady iteration process.

The importance of prototyping and iterating while designing 

soft-deformable bodies has been crucial; this allowed to 

check and verify product behaviour and monitor evolution 

at di�erent stages; on the other side, dealing with soft, 

deformable and air-tight systems has been a real challenge 

for prototyping purposes; it required many tries and e�orts 

to land with a rewarding result. In the next future the goal is 

to individuate and develop more detailed and engineereed 

aspects related to the PUMP system (such as max. system 

pressure definition, safety factors and safety concerns) to 

gain complete control and awareness of the technology 

(currently under development) and to drive the concept to 

the market in an straight and manufacturbable way.

technical considerations

Eng ineer ing1 1 .0

[D]

[E]d i�erent  phases  o f  the  pro jec t
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12.2 TECHNICAL DRAWINGS
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