
T h e  A e s t h e t i c s 

o f  E f f i c i e n c y

i n  c o l l a b o r a t i o n  w i t h

D e s s a u  D e p a r t m e n t  o f  D e s i g n

A n h a l t  U n i v e r s i t y  o f  A p p l i e d  S c i e n c e s

S h o r t  P r o j e c t 

O c t o b e r  5  t o  1 6 ,  2 0 2 0









T h e  A e s t h e t i c s 

o f  E f f i c i e n c y



The  Aes the t i c s  o f  E f f i c i ency

Material & Technology

Dessau Department of Design – Anhalt University of Applied Sciences

Schwabestr. 3 – 06846 Dessau-Roßlau

Supervisors: 

Prof. Dr. sc. Manuel Kretzer, Material & Technology, Dessau Department of Design 

Nils Wadt, CEO+Designer, 16boxes

Sebastian Felix Ernst, Architect, Ernst Office

Guest Experts:

Jolene Lee, Architect, Muck Petzet Architekten, Art Director, 16Boxes

Stefan Brüning, Product Design Lead, Ono

Christian Smirnow, Service Design & Strategy

Students:

Nadine A. Bernhardt, Lena Brake, Paul Fischer, Markus Franke, Felix Koppe, 

Marek Runde, Michelle Saß, Jeremy Schlegel, Louis Wahlich 

 

Cover and Layout: 

Sebastian Felix Ernst, Jolene Lee, Dominique Lohaus 

Publisher: 

Dessau Department of Design, Anhalt University of Applied Sciences, Dessau

Print: 

Graphic Workshop of the Anhalt University of Applied Sciences

Typeface: 

Futura Md BT 

All rights reserved; no part of this publication may be reproduced or transmitted 

by any means, electronic, mechanical, photocopying or otherwise, without the 

prior permission of the publisher.



7

I n t r oduc t i on   9

S l im  Ba r t ende r   1 3

Connex   3 9

Out s i de  t he  Bo x   6 7

t h r ee  co rne r s   9 1

Ok ta  Cha i r   1 1 1

The  Mak ing- o f   1 2 8

V i t a s   1 3 1

Tab l e  o f  Con t en t s



8



9

I n  a  wo r l d ,  whe re  we ’ r e  be com ing  e ve r  mo re  awa re  o f  l im i t ed  and 
de c l i n i ng  r e sou r ce s ,  and  whe re  cu r r en t  p roduc t i on  p ro ce s se s  and  i n -
d i v i dua l  l i f e s t y l e s  a r e  f a r  be yond  t he  t h r e sho l d  o f  s ub s i s t en ce ,  a  new 
cha l l enge  a r i s e s  t o  t he  de s i gne r /a r ch i t e c t :  To  c r ea t e  p roduc t s  and 
bu i l d i ng s ,  wh i ch  a  p r i o r i  p r opo se  a  so l u t i on  t o  o ve r con sump t i on  and 
o ve rp roduc t i on .  P r oduc t s ,  wh i ch  i dea l l y  bo th  i n s t i ga t e  an  a l t e r na t i v e 
t o  t he  s t a t u s  quo  and  wh i ch  cha l l enge  cu r r en t  p ro ce s se s  t owa rd s  a 
mo re  su s t a i nab l e  f u t u r e .

The  Be r l i n  ba sed  f i rm  16boxes  t ook  t h i s  c ha l l enge  s e r i ou s l y  and  de -
s i gned  t he  16boxe s  S y s t em  She l f ,  wh i ch  u se s  67%  t o  75%  l e s s  ma te -
r i a l  t han  compa rab l e  p roduc t s  on  t he  ma rke t .  A f t e r  be i ng  among  t he 
s e l e c t ed  de s i gn s  f o r  t he  Green  Produc t  Award  2020  and  nom ina t ed 
f o r  Deut s cher  Nachha l t igke i t sp re i s  2021 ,  t he  company  now  wan t s 
t o  go  e ven  f u r t he r.

Wh i l e  e ve r y t h i ng  abou t  t he  de s i gn  o f  t he  16boxe s  S y s t em  She l f  f o -
cu se s  on  su s t a i nab i l i t y  and  e f f i c i en c y  t he  f i rm  s t i l l  s t r ugg l e s  i n  s o l -
v i ng  one  pa r t i c u l a r  po i n t  o f  wa s t e f u l ne s s :  du r i ng  p roduc t i on ,  t he r e 
i s  an  o ve rp ropo r t i on  o f  p l ywood  cu t - ou t s ,  wh i ch  canno t  be  u sed  f o r  
o t he r  pa r t s .

I n t r oduc t i on
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T he  Cha l l enge

Re s i d u e  p l y w o o d  c u t - o u t s 

V1

V2

V3

V4

The  a im  o f  t he  sho r t  p ro j e c t  The  Aes the t i c s  o f  E f f i c i ency  f r om  Oc to -
be r  5  t o  16 ,  2020  was  t o  de ve l op  u se f u l  p roduc t s  w i t h  max imum ma-
t e r i a l  e f f i c i en c y  and  f un c t i ona l i t y  f r om  t he  a f o r emen t i oned  cu t - ou t s .

The  cha l l enge  was  no t  on l y  t o  de s i gn  and  p ro t o t ype  u se f u l  p ro -
duc t s  t ha t  c ou l d  be  manu fa c t u r ed  on  t he  e x i s t i ng  16boxes  
p r oduc t i on  l i n e ,  bu t  a l s o  t o  emphas i z e  t he  nove l  po s s i b i l i t i e s  a r i s i ng 
f r om  d i g i t a l  t e chno log i e s .

The  f o l l ow ing  page s  p r e sen t  t he  f i v e  p ro j e c t s  t ha t  n i ne  s t uden t s  de -
ve l oped  w i t h i n  12  day s .
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The  f i na l  p roduc t  de s i gn s  had  t o  mee t  t he  f o l l ow ing  r equ i r emen t s :

T he  Requ i r emen t s

The  de s i gn  needed  t o  be  a  f un c t i ona l  and  p l ugga -
b l e  ob j e c t  o f  e ve r yday  u se ,  wh i ch  can  be  s e l f - a s -
s emb led  b y  t he  u se r  i n  s ho r t  t ime .

The  a s semb l y  s hou l d  be  p l a y f u l  and  en j o yab l e .

The  wood  cu t - ou t s  needed  t o  be  u sed  and  f u r t he r 
p ro ce s sed  t h rough  CNC and/o r  w i t h  o t he r  s e r i a l 
wood  wo r k i ng  mach i ne s .

Fu r t he r  l e f t o ve r  ma te r i a l s  f r om  i ndu s t r i a l  p r oduc -
t i on  cou l d  be  i n co rpo ra t ed .

Mas s  manu fa c t u r ed  supp l i e r  pa r t s  c ou l d  be  u sed , 
I F  t he r e  was  a  ne ce s s i t y  g i v en  i n  t e rms  o f  f o rm  and 
f un c t i on .

Pa r t s  c ou l d  be  3D -p r i n t ed  o r  d i g i t a l l y  f ab r i c a t ed 
u s i ng  ad j a cen t  t e chno log i e s .

The  f i na l  de s i gn  had  t o  be  nove l  and  shou l dn’ t  a l -
r eady  e x i s t  on  t he  ma rke t .



12



13

S l im 
Ba r t ende r

Pau l  F i s che r
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Re f e r en ce  I 

Re f e r en ce  I I 

Re f e r en ce  I I I
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The  ma in  c r i t e r i a  o f  my  de s i gn  we re  ba sed  on  t he  g i v en  l im i t a t i on s . 
I  wan t ed  t o  de ve l op  a  p i e ce  o f  f u rn i t u r e  t ha t  i s  l i gh t  and  s t ab l e  i n 
i t s  c ompos i t i on .  The  pa r t s  o f  my  p roduc t  s hou l d  be  m i l l ed  f r om  t he 
wood  was t e  l e f t  o ve r  f r om  t he  16boxes  s he l v e s .  The  who l e  p i e ce  o f 
f u rn i t u r e  s hou l d  be  a s s emb led  e x c l u s i v e l y  b y  p l ug  connec t i on s  and 
t he  u se r  s hou l d  be  ab l e  t o  a s s emb le  i t  b y  h imse l f .  T he  a s semb l y  o f 
t he  pa r t s  s hou l d  be  f a s t ,  i n t u i t i v e  and  f un .

I d ea



18

E xpe r imen t  I

T h e  f i r s t  e x p e r i m e n t s  s e r v e d  t o  g a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  c o n -
n e c t o r s .  T h e  g o a l  w a s  t o  f i n d  a  s t a b l e  c o n n e c t i o n  s o l u t i o n  t h a t  i s 
r o b u s t  e n o u g h  t o  b e  f u r t h e r  d e ve l o p e d .  T h e  g r i d  c o n n e c t o r  s y s t e m 
p r ove d  t o  b e  t h e  s t r o n g e s t  c o n n e c t i o n  a n d  a l s o  c r e a t e d  i t s  ow n  d e -
s i g n  l a n g u a g e .  T h e  g r i d  c a n  a l s o  b e  e x p a n d e d  i n  m a n y  w a y s ,  w h i c h 
m a ke s  i t  e a s i e r  t o  a d d  e x t r a  p a r t s  s u c h  a s  l e g s  o r  s u r f a c e s .
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E xpe r imen t  I I

The  ob j e c t  r e ce i v ed  a  t e s t  app l i c a t i on  i n  t he  f o rm  o f  an  a rmcha i r.  The 
g r i d  can  ea s i l y  be  conve r t ed  i n t o  a  s ea t  and  t he  co rne r s  b y  add i ng 
two  pa i r s  o f  f e e t  o f  d i f f e r en t  l eng th s .  Th i s  c r ea t e s  a  s l op i ng  su r f a ce , 
wh i ch  imp rove s  t he  s ea t i ng  com fo r t .  The  ba ck r e s t  s hou l d  r e semb le 
t he  g r i d  i n  o rde r  no t  t o  b r eak  t he  un i f o rm  de s i gn .  The  d i s advan tage 
i s ,  howeve r,  t ha t  t he  a rmcha i r  c on s i s t s  o f  t oo  many  d i f f e r en t ,  add i -
t i v e  i nd i v i dua l  pa r t s  t ha t  a r e  no t  h i dden  unde rnea th  ea ch  o t he r  o r 
c an  f a l l  o f f .
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W i t h  t he  he l p  o f  t he  3D  mode l i ng  so f twa re  B l ende r  f u r t he r  s hape  e xpe r i -
men t s  we re  de ve l oped .  I  f o cu sed  on  a  ba r s t oo l  mode l  t o  a ch i e ve  p roduc t 
d i v e r s i t y  and  t o  d i s t i ngu i sh  my se l f  f r om  t he  p roduc t  i dea s  o f  my  f e l l ow  
s t uden t s .

Po i n t  1  concen t r a t ed  on  d i f f e r en t  s hape s  o f  t he  su r f a ce s  ( s l op i ng , 
s t r a i gh t  and  concave ) .

The  s t oo l s  i n  po i n t  2  con s i s t  s o l e l y  o f  t he  g r i d  pa r t  and  do  no t  r equ i r e 
any  add i t i ona l  pa r t s .  I  t r i ed  t o  f i nd  ou t  i f  t h i s  me thod  can  be  u sed 
t o  c r ea t e  a  un i f o rm  ove ra l l  p i c t u r e  o r  t o  ga i n  mo re  s t ab i l i t y.  Bu t  t he 
r e su l t s  we re  t oo  c l umsy  and  i n  t he  end  wou ld  on l y  make  t he  f u rn i t u r e 
unnece s sa r i l y  d i f f i c u l t .

Po i n t  3  p l a y s  w i t h  f i ne  l i n e s ,  l a r ge  boa rd s  and  s t ab i l i z a t i on  e l emen t s 
t ha t  a r e  s upposed  t o  s uppo r t  t he  l ong  l eg s . 

E x pe r imen t  I I I
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1 .  Sea t i ng  su r f a ce  mod i f i c a t i on s

2 .  No  add i t i v e  pa r t s

3 .  So l i d  and  f i l i g r ee  f o rms
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The  f i r s t  1 :1  mode l  c on s i s t ed  o f  a  t o t a l  o f  16  pa r t s ,  i n c l ud i ng  10 
s ea t  pa r t s ,  2  s t ab i l i s e r s  and  4  l eg s .  Nex t  I  t r i ed  t o  r o t a t e  t he  g r i d  45 
deg ree s ,  p roduce  t he  l eg s  f r om  on l y  two  pa r t s  and  on l y  u se  one  V4 
shee t  ( 851x310mm)  f o r  a l l  pa r t s .

E x pe r imen t  I V
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The  s e cond  1 :1  mode l  c on s i s t ed  o f  10  pa r t s ,  i n c l ud i ng  8  s ea t  pa r t s 
and  2  U- l eg s .  I t  wa s  po s s i b l e  t o  bu i l d  a  ba r  s t oo l  f r om  on l y  one  V4 
boa rd ,  bu t  i t  ha s  no  l eg  r e i n f o r c emen t .  I  e x t r a c t ed  s e ve ra l  c r o s s 
b ra ce s  f r om  t he  r ema in i ng  pa r t s  o f  t he  V4  boa rd  and  u sed  t hem  a s 
connec t i ng  e l emen t s  be tween  t he  s t oo l  l eg s .  Bu t  t he  s t ab i l i t y  wa s 
s t i l l  t oo  l ow  be cau se  t he  r ema in i ng  ma te r i a l  d i d  no t  have  much  mas s .

E x pe r imen t  V
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1 : 1

Because  o f  i t s  s l im  appea rance ,  I  c a l l  my  f i na l  ba r s t oo l  mode l  S l im 
Bar tender .  De sp i t e  i t s  s l im  appea rance  t he  ba r s t oo l  i s  v e r y  s t ab l e . 
Due  t o  i t s  nume rou s  p l ug  connec t i on s ,  t he  s y s t em  i s  s e l f - con ta i ned 
and  wo r k s  w i t hou t  s c r ews  o r  g l ue .  The  l eg s  a r e  r e i n f o r c ed  b y  a  f oo t 
p l a t e ,  wh i ch  i s  made  f r om  ano the r  V2  p i e ce .  The  „one  boa rd ,  one 
cha i r “  c on cep t  c ou l d  t he r e f o r e  no t  be  imp l emen ted ,  bu t  i t  doe s  p ro -
v i de  t he  ne ce s sa r y  s t ab i l i t y  t o  s i t  on  t he  s t oo l . 
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C lo se  Up  1 :1  I

C l o se  Up  1 :1  I I

C l o se  Up  1 :1  I I I
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Cu t t i ng  La you t

B0

A1

A2

C
1

C
2

F
1

F
2

E
1

E
2

D
1

D
2
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The  s i ng l e  componen t s  a r e  cu t  ou t  w i t h  a  m i l l i ng  mach i ne .  The  sha rp 
edge s  and  t he  r ough  and  deep  a r ea s  a r e  s anded  down  t o  smoo th 
su r f a ce s .  The  su r f a ce s  a r e  p r imed  w i t h  a  b i o c i de - con ta i n i ng  agen t 
( e . g .  Wood  Imp regna t i on  WR  4001 )  t o  p ro t e c t  t hem  f r om  pe s t s  and 
mo i s t u r e .  F i na l l y,  t he  su r f a ce s  a r e  s ea l ed  w i t h  an  o i l  ( e . g .  I ndu l i ne 
SW-910 ) .  The  s t oo l  c an  a l s o  be  pa i n t ed  i n  co l o r  on  r eque s t .

The  S l im  Bar tender  ha s  s i x  l ong  and  two  sho r t  s ea t  pa r t s  (C ,  D  , E 
, F ) .  The  l eg s  con s i s t  o f  two  U-pa r t s  ( A1 ,  A2 ) ,  wh i ch  a r e  connec t ed 
c r o s sw i s e  t o  f o rm  two  add i t i ona l  s ea t  pa r t s .  Th i s  r e su l t s  i n  10  s ea t 
pa r t s  and  p r e ven t s  t he  g r i d  f r om  be com ing  t oo  l a r ge  and  u l t ima te l y 
l ead i ng  t o  an  un comfo r t ab l e  s ea t i ng  e xpe r i en ce .  Fu r t he rmo re ,  t h i s 
a r r angemen t  o f  t he  l eg s  p ro v i de s  max imum suppo r t  f o r  t he  s ea t  g r i d 
( i n  con t r a s t  t o  e xpe r imen t  numbe r  I V ) .  Due  t o  t he  s t ab i l i z i ng  p l a t e 
( B0 )  t he  l eg s  a r e  s e l f - l o c k i ng  and  canno t  bend  o r  f a l l  o f f .

P r oduc t i on  &  A s semb l y
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Pa r t  A1  i s  p l a ced  on  t he  l eg  r e -
i n f o r c emen t  B0 .  The  l eg s  o f  A1 
mus t  be  s t r e t ched  s l i gh t l y  t o  f i t 
i n t o  t he  g roove  o f  B0 .

The  con s t r u c t i on  i s  t u r ned  up s i -
de  down  and  t he  l eg  r e i n f o r c e -
men t  B0  i s  pu shed  down  e ven l y 
s o  t ha t  no th i ng  can t s . 

The  s ea t  pa r t s  C1  and  C2  . . .

Pa r t  A2  i s  i n s e r t ed  i n t o  pa r t  A1 . 
The  l eg s  o f  A2  mus t  be  s t r e t ched 
so  t ha t  t he y  a l s o  f i t  i n t o  t he  
g roove  o f  B0 .

B0  i s  pu shed  i n t o  t he  g roove s 
o f  A1  and  A2  un t i l  t he  f ee t  l o c k 
i n t o  p l a ce  b y  t hemse l v e s .

. . .  a r e  i n s e r t ed  oppos i t e  ea ch  
o t he r  i n  t he  g roove s  o f  pa r t  A1 .

1 2

3 4

5 6
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The  s ea t  pa r t s  D1  and  D2  . . .

The  s ea t  pa r t s  E1  and  E2  . . .

The  s ea t  pa r t s  F1  and  F2  . . .

. . .  a r e  i n s e r t ed  oppos i t e  ea ch  
o t he r  i n  t he  ou t e r  g roove s  o f  A2 
t o  f o rm  a  f r ame  w i t h  pa r t s  C1  
and  C2 .

. . .  a r e  i n s e r t ed  oppos i t e  ea ch  
o t he r  i n  t he  m idd l e  g roove s  o f 
A1 .

. . .  a r e  i n s e r t ed  i n t o  t he  r ema i -
n i ng  g roove s  s o  t ha t  t he  s ea t 
pa r t s  l y i ng  on  A2  a r e  connec t ed 
t oge the r.

9 10

11

7 8

12
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De t a i l s

34
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Ou t l ook

Af t e r  s ome  s ea t i ng  t e s t s  I  c ame  t o  t he  conc l u s i on  t ha t  t he  S l im  Bar -
tender  i s  s t i l l  abou t  10  cm  t oo  l ow  t o  be  a  p rope r  ba r  s t oo l .  W i t h  t he 
cu r r en t  s ea t  he i gh t  o f  70  cm  you  t end  t o  s i t  a  b i t  un con fo r t ab l y.  I f  t he 
s t oo l  we re  h i ghe r,  howeve r,  i t  wou l d  need  add i t i ona l  r e i n f o r c emen t 
t o  en su re  s t ab i l i t y.  I n s t ead ,  you  cou l d  l owe r  t he  l eg s  20  cm  and  have 
a  r egu l a r  s t oo l .  W i t h  i t s  c u r r en t  s i z e  i t  i s  a l s o  a  g r ea t  p l a t f o rm  t o 
p l a ce  a  p l an t  o r  an  ob j e c t  on .
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Ma rku s  F r anke
Nad ine  A .  Be rnha rd t

Connex
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Ou r  I dea  and  Concep t   4 3

E xpe r imen t  I   4 4

E xpe r imen t  I I   4 6

Our  P ro ce s s   4 8

1 :1   5 0

Cu t t i ng  La you t   5 2 

D imens i on s   5 3

Produc t i on   5 4

As semb l y   5 5

De ta i l s   5 6

Out l ook   6 1

Con ten t s
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Re f e r en ce  I

R e f e r e n c e  I I

Re f e r en ce  I I I
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The  Be r l i n -ba sed  company  16boxes  d e ve l op s  s y s t em  she l v e s  t ha t  a r e 
de s i gned  f o r  e f f i c i en c y  and  su s t a i nab i l i t y.  Du r i ng  t he  p roduc t i on  p ro -
ce s s ,  wood  was t e  i s  gene ra t ed  t ha t  ha s  no  f u r t he r  pu rpo se .  I n  o rde r 
t o  ma in t a i n  t he  company ‘ s  p r i n c i p l e s  t h roughou t  t he  en t i r e  p roduc -
t i on  c y c l e ,  a  new  u se  i s  s ough t  f o r  t he se  l e f t o ve r s .  Ou r  t a s k  du r i ng 
t he  sho r t  p ro j e c t  The  Aes the t i c s  o f  E f f i c i ency  wa s  t o  f i nd  a  so l u t i on 
t o  t h i s  de s i gn  p rob l em .

Our  app roach  was  t o  make  max imum u se  o f  t he  a va i l ab l e  ma te r i a l 
wh i l e  ma in t a i n i ng  t he  l a r ge s t  po s s i b l e  s hee t  s i z e .   We  a s ked  ou r s e l -
v e s  how  we  cou l d  de ve l op  a  f r ame  i n  wh i ch  we  wou ld  no t  have  t o 
mod i f y  t he  r ema in i ng  boa rd s ,  bu t  s t i l l  c r ea t e  a  wo r k i ng  s y s t em .  I t 
wa s  a l s o  impo r t an t  t o  u s  t o  g i v e  u se r s  t he  oppo r t un i t y  t o  bu i l d  t he i r 
own  f u rn i t u r e  b y  e x t end i ng  o r  mod i f y i ng  i t  a c co rd i ng  t o  t he i r  need s . 
To  do  t h i s  we  had  t o  de ve l op  a  un i v e r sa l  c onnec t i on  s y s t em .

Ou r  I dea  and  Concep t
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E xpe r imen t  I
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A t  f i r s t  we  t r i ed  t o  cu t  i n t o  t he  wooden  boa rd s  t o  c r ea t e  connec t i ng 
po i n t s .  The se  a r e  t he  mos t  s t ab l e ,  bu t  r educe  t he  u sab l e  a r ea 
eno rmous l y.  Ou r  s e cond  app roach  was  t o  c r ea t e  connec t i on s  t o  t he 
ou t s i de .  The se  a l l ow  f o r  an  op t im i z ed  u sab l e  a r ea ,  bu t  ha ve  s t ab i l i t y 
de f i c i t s .  We  comb ined  bo th  app roache s  t o  de ve l op  ou r  p r e sen t  i dea .
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E xpe r imen t  I I
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6mm Fräskopf

Vectorworks Educational Version

Vectorworks Educational Version

To  bu i l d  an  e xpandab l e  f u rn i t u r e  we  needed  connec t o r s  w i t h  f ou r 
open ing s .  Th i s  a l l owed  u s  t o  co ve r  a l l  d imens i on s ,  depend ing  on 
whe re  t he  connec t o r  wa s  p l a ced .  We  mod i f i ed  t h i s  o r i g i na l  s hape  t o 
r ound  o f f  t he  end  and  co rne r  p i e ce s  o f  t he  f i na l  c on s t r u c t i on .  Th i s 
a l l ows  t he  s y s t em  t o  be  c l o sed  a t  t he  s i de s .  The  shape  o f  t he  connec -
t o r s  r e su l t s  f r om  a  ma te r i a l  r educ t i on  app roach .  The  l e s s  ma te r i a l 
i s  u s ed ,  t he  l i gh t e r  i t  b e comes ,  howeve r,  a l s o  t he  s t ab i l i t y  s u f f e r s . 
He re  we  cho se  a  ba l an ced  comprom i se  f o r  t he  be s t  po s s i b l e  r e su l t . 
To  s peed  up  t he  CNC p ro ce s s ,  we  de c i ded  t o  s imp l i f y  t he  edge s  e ven 
f u r t he r.
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Ou r  P ro ce s s

Now t ha t  we  had  deve l oped  a  f un c t i on i ng  connec t i on  s y s t em ,  we 
needed  t he  r i gh t  ma te r i a l  f o r  p roduc t i on .  We  d i dn‘ t  wan t  t o  cu t  i n t o 
who l e  wooden  boa rd s ,  a s  t h i s  wou ldn‘ t  s o l v e  t he   demand  f o r  e f f i -
c i en c y.  Ba sed  on  t he  16boxes  s y s t em  we  c r ea t ed  f r ames  f o r  t he  ou t e r 
wa l l s  o f  t he  f u rn i t u r e ,  wh i ch  p ro v i de  s t ab i l i t y.  The  new  r ema inde r s 
a r e  i dea l  f o r  f u r t he r  p ro ce s s i ng  o f  t he  connec t o r s .  The re  i s  s t i l l  po -
t en t i a l  f o r  op t im i za t i on  t o  s a ve  e ven  mo re  r e s i dua l  ma te r i a l .

I n  t he  f o l l ow ing  we  dea l t  w i t h  t he  wood  cu t - ou t s .  On  t he  ba s i s  o f  t e s t s 
we  deve l oped  t he se  conc l u s i on s :  The  deepe r  t he  cu t  i n t o  t he  pane l , 
t he  mo re  s t ab l e  t he  connec t i on .  I t  i s  a l s o  po s s i b l e  t o  make  ad j a cen t 
pane l s  f l u sh .  Howeve r,  t he  e f f e c t i v e l y  u sab l e  a r ea  su f f e r s  aga i n .  The 
w ide r  t he  cu t ,  t he  ea s i e r  t he  f u rn i t u r e  can  be  a s semb led .  Bu t  he r e 
t oo ,  s t ab i l i t y  s u f f e r s  i f  t he  cu t s  a r e  t oo  l a r ge .  E ven  t he  sma l l e s t  c han -
ge s  i n  t he  r ange  o f  m i l l ime t e r s  c an  have  a  ma jo r  impac t .  Th i s  i s  a 
po s i t i v e  f i nd i ng ,  a s  t he  u se r  e xpe r i en ce  can  be  ca l i b r a t ed  p r e c i s e l y. 
Sand ing  t he  t op  and  bo t t om  o f  t he  pane l s  a l s o  ha s  an  i n f l uence  on 
f r i c t i on ,  s o  t he  s and ing  p ro ce s s  mus t  be  t a ken  i n t o  a c coun t .

U l t ima te l y,  t he  cu t s  s e r ve  a s  a  gu i de l i ne  t ha t  f a c i l i t a t e s  bu t  doe s  no t 
r e s t r i c t  t he  a s s emb l y.  We  have  made  no  change s  t o  t he  t h i c kne s s  o f 
t he  ma te r i a l .  The  p r e sen t  ma te r i a l  i s  v e r y  s t ab l e  and  i dea l  f o r  un i -
v e r sa l  u se  i n  f u rn i t u r e .  Ou r  p ro t o t ype  w i t h  t he  compac t  V2  pane l s 
c a r r i e s  t he  we i gh t  o f  an  adu l t  pe r son .

The  16boxes  s e r i e s  c on s i s t s  o f  f ou r  s i z e  va r i a t i on s  f r om  t he  sma l -
l e s t  ( V1 )  t o  t he  l a r ge s t  ( V4 ) ,  a s  c an  be  s een  i n  t he  d i ag ram  on  page 
10 .  Ou r  p roduc t  u se s  V2  and  V3 .  We  ad j u s t ed  t he  s i z e  o f  t he  con -
ne c t o r s  s o  t ha t  two  V2  pane l s  p l u s  one  connec t o r  a r e  e xa c t l y  t he 
s ame  l eng th  a s  t he  V3  pane l .  I n  t h i s  way  t he  p i e ce s  can  be  comb i -
ned .  The  imp l emen ta t i on  o f  t he  V1  and  V4  p l a t e s  i s  a l s o  r ea l i s t i c  
be cau se  t he y  f o l l ow  t he  same  s ca l i ng  l og i c .



49

The  a spe c t  r a t i o  o f  t he  pane l s  i n f l uence s  t he  f un c t i on .  Squa re  pane l s 
a r e  mos t  f un c t i ona l  be cau se  t he y  can  be  ea s i l y  a t t a ched  i n  a l l  d i -
r e c t i on s  ( e . g .  t o  c r ea t e  c l o sed  shape s ) .  Howeve r,  t he  u sab l e  a r ea  i s 
l im i t ed .  I t  i s  a l s o  mo re  d i f f i c u l t  t o  m in im i ze  l e f t o ve r s  be cau se  boa rd s 
have  t o  be  cu t .  I n  con t r a s t ,  we  have  u sed  t he  o r i g i na l  a spe c t  r a t i o 
o f  t he  boa rd s .  The se  a r e  l im i t ed  i n  t he i r  f un c t i on .  E spe c i a l l y  when 
u s i ng  V2  and  V3  boa rd s  i n  comb ina t i on ,  t he r e  a r e  l im i t a t i on s  i n  t he 
a s s emb l y.  Bu t  he r e  t he  u sab l e  a r ea  i s  t he  l a r ge s t  and  t he  ma te r i a l 
c on sump t i on  t he  mos t  e f f e c t i v e .  We  cho se  t he  l a t t e r  v a r i an t  f o r  ou r 
p ro t o t ype s  be cau se  i t  s uppo r t s  ou r  con cep t  o f  op t im i z ed  ma te r i a l 
u sage .  Fo r  c l ea r e r  r e su l t s  f u r t he r  e xpe r imen t s  a r e  ne ce s sa r y.

Re s i d u e  p l y w o o d  c u t - o u t s 

V1

V2

V3

V4
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Connex  i s  a  p l ug- i n  s y s t em  t ha t  enab l e s  i t s  u s e r s  t o  de s i gn  f u rn i t u r e 
a c co rd i ng  t o  t he i r  i nd i v i dua l  need s .  Ou r  concep t  i s  ba sed  on  u se r 
e xpe r i en ce ,  mu l t i f un c t i ona l i t y  and  modu la r i t y.  Ma te r i a l  u sage  and 
f un c t i ona l i t y  a s  we l l  a s  we i gh t  r educ t i on  a r e  impo r t an t  de s i gn  p r i n -
c i p l e s .

1 : 1
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C lo se  Up  1 :1  I

C l o se  Up  1 :1  I I

C l o se  Up  1 :1  I I I
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Cu t t i ng  La you t
Vectorworks Educational Version

Vectorworks Educational Version

Vectorworks Educational Version

Vectorworks Educational Version
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D imens i on s
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P r oduc t i on

Each  16boxes  wooden  boa rd  make s  one  Connex  boa rd .  I f  a  s i de  pa -
ne l  w i t h  a  f r ame  i s  p roduced ,  a  V2  l e f t o ve r  p i e ce  co ve r s  a  4 -way  and 
a  3 -way  connec t i on .  F r om  one  V3  boa rd  t en  2 -way  connec t i on s  a r e 
p roduced .  Th i s  r a t i o  i s  de l i be ra t e l y  c ho sen  be cau se  t he  2 -way  con -
ne c t i on s  a r e  u sed  t he  mos t .  An  op t im i z ed  f o rm  o f  t he  e l emen t s  wou ld 
a l l ow  any  r ema in i ng  ma te r i a l  t o  be  u sed  up .

Ou r  s y s t em  can  be  adap t ed  a c co rd i ng  t o  t he  need s  o f  t he  u se r s  and 
t he  a va i l ab l e  s pa ce .  Fo r  e xamp le ,  i t  c an  be  u sed  a s  a  s he l f ,  n i gh t 
c ab i ne t ,  sma l l  s t a i r s  o r  t ab l e .  I f  a  pa r t  o f  t he  s y s t em  i s  no t  needed , 
i t  c an  be  ea s i l y  d i s a s s emb led  and  s t o r ed . 

Tr an spo r t a t i on  i s  a l s o  conven i en t  a s  i den t i c a l  pa r t s  c an  be  ea s i l y 
s t a c ked  and  a l l  e l emen t s  a r e  f l a t .  U se r s  a r e  g i v en  t he  oppo r t un i t y  t o 
adap t  t he  f u rn i t u r e  t o  i nd i v i dua l  need s  and  d i s co ve r  new  f un c t i on s . 
A s  a  r e su l t ,  i t  ga i n s  i n  pe r sona l  v a l ue  du r i ng  f u r t he r  u se .
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A s s emb l y
Vectorworks Educational Version

Vectorworks Educational Version
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De t a i l s
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Vectorworks Educational Version

Vectorworks Educational Version
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Connex  r emove s  e x i s t i ng  r e s t r i c t i on s  and  c r ea t e s  a  new  pe r spe c t i v e 
f o r  t he  u se  o f  r e s i dua l  ma te r i a l .  Ou r  p roduc t  c an  be  u sed  f o r  a lmos t 
an y  app l i c a t i on .  The  p l a y f u l  p r i n c i p l e  awaken s  t he  c r ea t i v i t y  o f  t he 
u se r  and  open s  up  i n t e ra c t i on .  The  ma te r i a l  i s  u s ed  t o  i t s  f u l l e s t  e x-
t en t  wh i l e  r e t a i n i ng  i t s  f un c t i ona l i t y,  s t ab i l i t y  and  s i z e .
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E x t en s i on  f o r  bu i l d i ng  spe c i f i c  f u r n i t u r e

Va r i ab i l i t y  o f  c onnec t o r- shape

E xpans i on  i n  t he  t h i r d  d imens i on
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Ou t l ook

Ye t ,  t he  s y s t em  can  s t i l l  b e  imp roved .  A s  men t i oned  above ,  t he  shape 
o f  t he  connec t i on  e l emen t s  s hou l d  be  f u r t he r  adap t ed  t o  t he  CNC 
p ro ce s s .  I n  add i t i on  t o  t he  e x i s t i ng  e l emen t s ,  o t he r  pa r t s  s u ch  a s 
r od s  o r  r ound  shape s  can  be  e xpe r imen ted  w i t h .  L a rge r  boa rd s  o f f e r 
t he  po s s i b i l i t y  t o  i n c l ude  hook s  on  ea ch  s i de .  S im i l a r  t o  t he  16boxes 
s y s t em ,  t h i s  wou ld  a l l ow  f o r  t he  imp l emen ta t i on  o f  s t o r age  boa rd s 
t ha t  a r e  no t  c onnec t ed  t o  t he  f r ame .  La s t l y  t he  f r i c t i on  be tween  t he 
boa rd  and  t he  connec t o r s  c an  be  op t im i z ed  t o  gua ran t ee  t he  be s t 
u se r  e xpe r i en ce .
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Vectorworks Educational Version

Vectorworks Educational Version

Va r i ab i l i t y  o f  c onnec t o r- shape s
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The  CNC p ro ce s s  c an  be  a c ce l e ra t ed  ma in l y  b y  s hape  va r i a t i on .  The 
shape s  mus t  be  r ounded  a s  much  a s  po s s i b l e  t o  en su re  f a s t e r  p ro -
duc t i on  t imes .  I n  o rde r  t o  s a ve  ma te r i a l ,  a  l a r ge r  i n t e r ven t i on  i s 
ne ce s sa r y.  The  u se  o f  mu l t i p l e  connec t o r s  l ead s  t o  comp le x  ne s t i ng 
and  mo re  e x ce s s  ma te r i a l .  The re f o r e ,  t he  op t ima l  s o l u t i on  wou ld  be 
t o  u se  on l y  one  connec t i on  e l emen t .  Howeve r,  ae s t he t i c s  s u f f e r  f r om 
t h i s  app roach  be cau se  t he  co rne r s  o f  t he  con s t r u c t i on  do  no t  r un 
smoo th l y.
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6mm Fräskopf

Vectorworks Educational Version

Vectorworks Educational Version

E xpan s i on  i n  t he  t h i r d  D imens i on
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Vectorworks Educational Version

Vectorworks Educational Version
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z

Vectorworks Educational Version

Vectorworks Educational Version

I f  y ou  l ook  a t  t he  p rob l em  i n  t he  uppe r  g raph i c ,  y ou  can  c l ea r l y  s ee 
t he  d i f f i c u l t y  i n  modu la r i t y.  I n  t h i s  c a se ,  a  r e c t ang l e  w i t h  two  d i f f e -
r en t  l eng th s  can  on l y  be  ad j u s t ed  on  one  s i de .  Be cau se  o f  t he  w id t h 
o f  t he  boa rd s  we  wo r k  w i t h ,  t he  pane l s  wou ld  de c r ea se  so  much 
a c co rd i ng  t o  t he  f o rmu la  be l ow.  A  l eng th  o f  95 .4  cm  i s  no t  g i v en 
w i t h  t he  r e s i due s  l e f t  o f  16boxes ,  s o  we  s ee  po t en t i a l  i n  t he  u se  o f 
s qua re s .  I n  ou r  e xpe r imen t  I  we  t r i ed  i t  and  i t  wo r ked  pe r f e c t l y.  We 
de c i ded  t o  u se  a l l  o f  t he  g i v en  ma te r i a l  and  no t  t o  p roduce  e ven 
mo re  l e f t o ve r  p i e ce s ,  s o  we  cho se  t he  r e c t ang l e  f o r  ou r  p ro t o t ype . 
A f t e r  a l l ,  t h i s  i s  an  i n t e r e s t i ng  f i e l d  t o  dea l  w i t h  i n  f u r t he r  p ro ce s s . 

2 * x+7 ,2  =  3 * y+14 ,4  =  z

x  =  1 ,5 * y+3 ,6
y  =  2 /3 * x-2 ,4

f o r  y  =  max .27cm  i s
x  =  44 ,1 cm
z  =  95 ,4 cm
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Ou t s i de 
t he  Bo x

Marek  Runde
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Concep t   7 1

Ke r f  Pa t t e r n  1   7 4

Ke r f  Pa t t e r n  2   7 5

Ke r f  Pa t t e r n  3  7 6

Ke r f  Pa t t e r n  4  7 7

Ke r f  Pa t t e r n  5  7 8

Ke r f  Pa t t e r n  6  7 9

Ke r f  Pa t t e r n  7  8 0

Out s i de  t he  Bo x   8 1

Cu t t i ng  La you t   8 2

Produc t i on   8 3

Dimens i on s   8 4

De ta i l s   8 6

Ske t che s  8 8

I d ea s  Rende red  8 9

Con ten t s
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Re f e r en ce  I

Re f e r en ce  I I 
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P l ywood  en j o y s  g r ea t  popu l a r i t y.  Th i s  i s  no t  l ea s t  due  t o  t he  r e -
l a t i v e l y  l ow  co s t  and  ea s y  p ro ce s s i ng  o f  t he  ma te r i a l .  P l ywood  i s 
no t  on l y  unbe l i e vab l y  s t ab l e ,  bu t  a l s o  e x t r eme l y  t o r s i on - r e s i s t an t 
c ompa red  t o  an  o rd i na r y  boa rd .  Due  t o  t he  c r o s sw i s e  g l ued  venee r 
l a ye r s  a  boa rd  s t i f f en s  i t s e l f  p r a c t i c a l l y  b y  i t s e l f .  T he  impe r f e c t i on 
and  d ynam i c s  t ha t  wood  b r i ng s  a s  a  na tu ra l  p roduc t  a r e  de l i be ra t e l y  
e r a sed  he re .  L a rge  su r f a ce s  and  sha rp  ang l e s  a r e  no  p rob l em  f o r  t he 
ma te r i a l .  I t  i s  made  f o r  i t .

A t  t he  beg i nn i ng  o f  t he  p ro j e c t  i t  b e came  qu i c k l y  c l ea r  t o  me  t ha t 
a l t hough  I  app re c i a t e  t he se  p rope r t i e s ,  I  a l s o  pe r ce i v e  t hem  a s  s e -
ve r e  l im i t a t i on s .  Round  shape s  and  so f t  edge s  a r e  r a t he r  d i f f i c u l t  o r 
e ven  impos s i b l e  w i t h  c l a s s i c a l  j o i n i ng  and  p ro ce s s i ng  t e chn i que s . 
Th i s  r a i s e s  t he  que s t i on  o f  how  t o  pu sh  t he  l im i t s  o f  t h i s  c onven t i ona l 
ma te r i a l  and  r e l ea se  i t s  f u l l  po t en t i a l .  How  i s  i t  po s s i b l e  t o  change 
t he  p rope r t i e s  o f  t he  ha rd ,  s t r a i gh t  ma te r i a l  i n  s u ch  a  way  t ha t  o rga -
n i c  s hape s  can  be  c r ea t ed?  Wha t  c an  I  do  t o  a ch i e ve  f l e x i b i l i t y  and 
p l a s t i c i t y ?  S imp l y  j o i n i ng  s t r a i gh t  s u r f a ce s  was  no t  enough  f o r  me .  I f 
y ou  l ook  a t  mode rn  de s i gn ,  t he  edge s  a r e  u sua l l y  r ound .

Concep t
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The  su r f a ce  can  be  changed  b y  t he  i n t ended  l o ca l  weaken ing  o f  t he 
ma te r i a l .  I n  comb ina t i on  w i t h  compre s s i on ,  t en s i on  and /o r  t o r s i on 
t h i s  l ead s  t o  a  d i f f e r en t ,  much  mo re  d ynam i c  qua l i t y  o f  t he  ma te r i a l . 
The se  p rope r t i e s  l ead  t o  unexpec t ed  c r ea t i v e  and  con s t r u c t i v e  po s s i -
b i l i t i e s .  The  t en s i l e  o r  s p r i ng  f o r c e  i n  a  p l a t e  can  be  u sed  t o  p roduce 
cu r ved  con s t r u c t i on s ,  t he  new l y  a cqu i r ed  bend ing  and  p l i ab i l i t y  ha s 
a  po s i t i v e  e f f e c t  on  t he  e rgonom i c s  o f  p roduc t s ,  and  t h rough  t he 
mu tua l  d i s t r i bu t i on  o f  bend ing  con s t r u c t i on s ,  l a r ge  s e l f - s uppo r t i ng 
con s t r u c t i on s  can  be  c r ea t ed  e ven  w i t h  r e l a t i v e l y  sma l l  pa r t s .
The  me thod  u sed  f o r  t h i s  p ro j e c t  i s  c a l l ed  ke r f  bend ing  and  i s  a cqu i -
r ed  b y  u s i ng  va r i ou s  c y c l i c  s aws .

How  can  t he  l im i t s  o f  t he  ma te r i a l  be  sh i f t ed 
and  t he  conven t i ona l  u se  e x t ended?

How  can  I  r ea c t  t o  mo re  de s i gn  r equ i r emen t s 
w i t h  t he  s ame  ma te r i a l ?



73

Work shop  Te s t s
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Ke r f  Pa t t e r n  1

Note  t he  po l ygon s  t ha t  f o rm  due  t o  t he  l ow  „ r e so l u t i on“ .  A l s o  t he 
a ch i e vab l e  bend ing  r ad i u s  i s  qu i t e  l a r ge  i n  d i ame te r.  The  edge  s eems 
t o  be  v e r y  s t ab l e  and  t ough .  U s i ng  t h i s  t e chn i que  when  bend ing  r e -
su l t s  i n  a  p roduc t  w i t h  t en s i on  and  s t o r ed  sp r i ng  f o r c e s .
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The  h i ghe r  den s i t y  o f  t he  ke r f s  a l l ow  a  sha rpe r  ang l e  and  a  smoo the r 
cu r ve .  The  ou t s i de  o f  t he  cu r ve  l ook s  n i c e  and  e ven ,  no  add i t i ona l 
s and i ng  i s  r equ i r ed .  A s  i n  t he  f i r s t  e xamp le ,  t he  bend ing  i s  done  be -
cau se  t he  r ema in i ng  two  t h i n  l a ye r s  be come  f l e x i b l e .  The  r ad i u s  i s 
t hen  l im i t ed  b y  t he  r ema in i ng  t h i c k  pa r t s .  The  add i t i ona l  k e r f s  on  t he  
ou t s i de  a r e  pa r t  o f  an  add i t i ona l  e xpe r imen t .

Ke r f  Pa t t e r n  2
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No te  t he  d i agona l  c u t s .  Bend ing  t h i s  boa rd  no t  on l y  c r ea t e s  an  edge 
i n  one  d i r e c t i on ,  bu t  i n  two  d imens i on s  a t  t he  s ame  t ime .  One  d i -
mens i on  ha s  j u s t  been  g i v en  t o  u s .  Due  t o  t he  l eng th  o f  t he  ben t 
s u r f a ce ,  qu i t e  s t r ong  f o r c e s  a r e  r equ i r ed  t o  ho l d  t he  p roduc t  i n  i t s 
f i na l  po s i t i on .

Ke r f  Pa t t e r n  3
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Un l i k e  t he  o t he r  t e chn i que s ,  t h i s  t e chn i que  cu t s  t h rough  t he  wood 
comp le t e l y.  B r i dge s  a r e  no t  l e f t  he r e  i n  t he  t h i c kne s s ,  bu t  a l ong  t he 
cu t s .  Th i s  r e su l t s  i n  a  t i gh t e r  bend ing  r ad i u s  and  l e s s  p r e t en s i on ,  s o 
t ha t  l e s s  f o r c e  i s  needed  t o  bend  t he  p roduc t .  When  saw ing  t h i s  pa t -
t e rn  w i t h  a  c i r c u l a r  s aw,  i t  i s  ad v i s ab l e  t o  add  a  j i g saw  t o  r emove  t he 
r ad i i  l e f t  b y  t he  b l ade  and  t o  be  ab l e  t o  cu t  up  t o  t he  ma rk .

Ke r f  Pa t t e r n  4
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Th i s  p roduc t  i s  a  f u r t he r  de ve l opmen t  o f  t he  s e cond  one .  He re ,  t he 
change  o f  t he  i n c l i na t i on  ang l e  and  t he  s l o t - no - s l o t  t e chno logy  a r e 
comb ined .  The  r e su l t  i s  a  p roduc t  t ha t  i s  much  mo re  du c t i l e  on  a 
sho r t e r  d i s t an ce  w i t h  l e s s  f o r c e .  No t e  t he  d i pped  cu t s ,  t h i s  r e su l t s  i n 
a  mo re  du rab l e  pa t t e rn  t han  p roduc t  3 .

Ke r f  Pa t t e r n  5
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The  boa rd ,  wh i ch  i s  s awn  a l t e r na t e l y  on  bo th  s i de s ,  c an  no t  on l y  be 
ben t  i n  two  d i f f e r en t  d i r e c t i on s ,  bu t  c an  a l s o  be  shaped  mu l t i - d i -
mens i ona l l y  i n  t he  manne r  o f  a  he l i x .  Due  t o  t he  cho sen  t e chn i que 
o f  s aw ing  t h rough  t he  boa rd ,  t he  f o r c e  r equ i r ed  f o r  t he  de fo rma t i on 
i s  m in ima l ,  bu t  t he  l oad  and  t en s i on  i n  t he  l ong i t ud i na l  a x i s  i s  a l s o 
m in ima l .

Ke r f  Pa t t e r n  6
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The  mos t  e x c i t i ng  a t t emp t  was  t he  a l t e r na t e  cu t t i ng  o f  t he  boa rd . 
The  r e su l t i ng  i n t e ra c t i on s  and  t he  r e su l t i ng  r ad i i  f o rm  a  k i nd  o f  l oop 
sp r i ng .  I f  t he  m idd l e  pa r t  o f  t he  boa rd  i s  c u t  d i agona l l y,  y ou  ge t  a 
conve x  o r  c on cave  s ca r f ,  wh i ch  i s  i n c l i ned  d i f f e r en t l y  depend ing  on 
t he  ang l e .  Dome  con s t r u c t i on s ,  f o r  e xamp le ,  c an  be  r ea l i z ed  f r om 
se ve ra l  d i f f e r en t  e l emen t s  o f  t h i s  t y pe .

Ke r f  Pa t t e r n  7
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Ou t s i de  The  Bo x

The  r e su l t s  o f  t h i s  p ro j e c t  a r e  ma in l y  i n s i gh t s  i n t o  t he  way  p l ywood 
can  be  r e t hough t  and  t he  po t en t i a l  o f  t h i s  ma te r i a l  c an  be  f u r t he r 
de ve l oped .  Th rough  t he  u se  o f  d i g i t a l  t e chn i que s ,  t he r e  a r e  many 
mo re  way s  t o  ke r f  t he  p l ywood ,  a l l ow ing  an  a lmos t  unbe l i e vab l e 
t h r ee - d imens i ona l i t y.  I  am  amazed  a t  how  f a r  t he  l im i t s  o f  t he  ma te -
r i a l  i t s e l f  c an  be  sh i f t ed  e ven  b y  c r ude  means .
Du r i ng  my  e xpe r imen t s  I  no t  on l y  e xpe r imen ted  w i t h  dep th  and  pa t -
t e rn s  bu t  a l s o  w i t h  t he  i n c l i na t i on  o f  t he  ma te r i a l .  B y  chang ing  t he 
ang l e  o f  I n c l i na t i on  o f  t he  ke r f i ng  t o  t he  l ong i t ud i na l  a x i s  o f  t he  p l a -
t e ,  t he  ang l e  no t  on l y  c hange s  i n  t he  Y- d i r e c t i on  bu t  a l s o  a l ong  t he 
Z-a x i s  du r i ng  sub sequen t  bend ing .  Th i s  means  t ha t  b y  chang ing  t he 
two - d imens i ona l  manu fa c t u r i ng  p ro ce s s ,  c omp le x  t h r ee - d imens i ona l 
c hange s  can  be  p roduced  t ha t  a r e  p r ed i c t ab l e .  One  i s  t hu s  g i v en  a 
d imens i on  a s  a  g i f t .  T h i s  i n s i gh t  wa s  t he  mos t  e x c i t i ng  f o r  me . 
Fo r  a  ke r f i ng  w i t h  a  50  deg ree  ang l e ,  I  ge t  an  ang l e  o f  i n c l i na t i on 
( i n  t he  Z- d i r e c t i on )  o f  abou t  15 °  on  a  l eng th  o f  abou t  12  cm  f o r  a  12 
mm pane l ,  a  s aw  b l ade  w id t h  o f  abou t  2  mm and  a  c en t e r  d i s t an ce  o f 
t he  g roove s  o f  abou t  4  mm.
The  f i nene s s  and  d i s t an ce  o f  t he  ke r f s  f r om  each  o t he r  i s ,  s o  t o  s pe -
ak ,  t he  „ r e so l u t i on“ .  L e s s  d i s t r i bu t ed  o ve r  a  l a r ge  d i s t an ce  r e su l t s  i n 
a  r a t he r  po l ygona l  c u r ve .  I f  y ou  i n c r ea se  t he  den s i t y  o f  t he  ke r f s  pe r 
d i s t an ce  t he  cu r ve  be comes  smoo the r  and  mo re  e ven .  W i t h  a  h i gh 
den s i t y  you  ge t  an  a lmos t  pe r f e c t  r ad i u s ,  wh i ch  can  be  f u r t he r  op t i -
m i s ed  b y  g r i nd i ng .
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851

310

Cu t t i ng  La you t
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F i r s t  y ou  need  t o  d raw  t he  de s i r ed  pa t t e rn . 

Fo r  t he  f i r s t  t e chn i que ,  ad j u s t  t he  w id t h  o f  t he  ke r f s  t o  you r  i nd i v i -
dua l  need s .   Fo r  a  smoo th  r ound ing  I  r e commend  a  gap  a s  w i de  a s 
you r  b l ade  i s  t h i c k ,  i n  my  ca se  2  mm.

Fo r  t he  s e cond  t e chn i que  I  u s ed  a  20  mm gap  be tween  t he  cu t s .  The 
l eng th  o f  t he  pa t t e rn  depends  on  you r  s pe c i f i c  need s  and  t he  r ad i u s 
you  a r e  a im ing  f o r.

Fo r  a t  home :  U se  a  f r e t s aw.  Depend ing  on  t he  f o rma t  o f  t he  compo -
nen t s ,  e i t he r  a  c r o s s cu t  s aw,  a  p l unge - cu t  c i r c u l a r  s aw  o r  a  t ab l e  s aw 
w i t h  he i gh t - ad j u s t ab l e  b l ade  and  f en ce s . 

The  s e cond  t e chn i que  a l s o  r equ i r e s  a  j i g saw  t o  ge t  t o  t he  ma rked 
pa t t e rn s  and  r emove  t he  r ad i u s  l e f t  b y  t he  c i r c u l a r  s aw. 

Fo r  au toma ted  p roduc t i on :  U se  a  CNC m i l l i ng  mach i ne  and  a  compu-
t e r.  Impo r t an t  f o r  t he  f i r s t  t e chn i que  ( t he  t en s i on  ba sed  one )  i s  t ha t 
you  s e t  t he  cu t t i ng  dep th  so  t ha t  a t  l ea s t  t he  l a s t  two  venee r  l a ye r s 
a r e  l e f t .

P r oduc t i on
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De t a i l s

86
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S ke t che s
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I d ea s  Rende red
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t h r ee  co rne r s

Miche l l e  Saß
Lou i s  Wah l i c h

Je r emy  S ch l ege l
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I dea  and  Concep t   9 5

E xpe r imen t  I   9 6

E xpe r imen t  I I   9 8

1 :1  1 0 0

Cu t t i ng  La you t  &  P roduc t i on   1 0 2

As semb l y   1 0 3

De ta i l s   1 0 4

Con ten t s
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Re f e r en ce  I

Re f e r en ce  I I

Re f e r en ce  I I I
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I d ea  and  Concep t

Th i s  s emes t e r  we  wo r ked  t oge the r  w i t h  t he  company  16boxes  and 
Seba s t i an  Fe l i x  E r n s t  on  t he  sho r t  p ro j e c t  The  Aes the t i c s  o f  E f f i -
c i ency  unde r  t he  supe r v i s i on  o f  P r o f .  D r.  Manue l  K r e t z e r. 

16boxes  i s  a  Be r l i n -ba sed  company  w i t h  t he  goa l  o f  c r ea -
t i ng  su s t a i nab l e  f u rn i t u r e  t ha t  i s  ea s y  t o  bu i l d  b y  s im-
p l y  c onnec t i ng  pa r t s  made  o f  p l ywood .  Th i s  c o l l abo ra t i on  
a imed  t o  a ch i e ve  e ven  g r ea t e r  s u s t a i nab i l i t y  b y  r eu s i ng  t he  pa r t s  l e f t 
o ve r  f r om  t he  p roduc t i on  o f  t he i r  s he l v e s .  So  ou r  goa l  wa s  t o  c r ea -
t e  s ome th i ng  new  f r om  t h i s  „was t e “  s o  t ha t  no t  s o  much  ha s  t o  be 
t h rown  away.

Ou r  p ro ce s s  f o cu sed  on  t he  ma te r i a l .  F i r s t  we  had  t o  unde r s -
t and  wha t  i s  po s s i b l e  w i t h  t he  p l ywood  and  wha t  a r e  t he  l im i t s  o f 
wha t  we  can  do  w i t h  i t .  We  knew  t ha t  we  we re  l im i t ed  b y  t he  s i z e 
o f  t he  wooden  boa rd s ,  bu t  a l s o  b y  t he  f a c t  t ha t  we  had  t o  keep  
add i t i ona l  pa r t s  t o  a  m in imum.  One  o f  t he  goa l s  we  s e t  ou r s e l v e s 
wa s  t o  f i nd  a  shape  t ha t  wa s  s imp l e  and  made  max imum u se  o f  t he 
a va i l ab l e  s u r f a ce s .  Ou r  i dea  was  a l s o  t o  g i v e  u se r s  t he  oppo r t un i t y 
t o  e xpand  t he i r  p roduc t  when  needed .
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E xpe r imen t  I

A  modu la r  s y s t em  seemed  t o  be  a  good  app roach  t o  a ch i e ve  ou r  goa l . 
A f t e r  we  had  de c i ded  on  su ch  a  s y s t em ,  we  s t a r t ed  t o  dea l  mo re  w i t h 
geome t r i c  s hape s  t ha t  we  wan ted  t o  u se  f o r  ou r  p roduc t .  The  t r i ang l e 
qu i c k l y  c ame  t o  m ind ,  a s  i t  i s  no t  t ha t  o f t en  u sed  i n  f u rn i t u r e ,  bu t 
s t i l l  a  v e r y  s imp l e  s hape .  The  r egu l a r i t y  o f  t he  t r i ang l e  i s  pe r f e c t 
t o  make  t he  be s t  u se  o f  t he  r ema in i ng  wooden  boa rd s .  To  a ch i e ve 
e ven  mo re  e f f i c i en c y,  we  f o cu sed  on  equ i l a t e ra l  t r i ang l e s ,  be cau se 
no  ma t t e r  i n  wh i ch  d i r e c t i on  you  t u rn  t hem ,  t he  s i de s  a lway s  f i t  t o -
ge the r.  I n  t h i s  way  i t  open s  up  e ven  mo re  po s s i b i l i t i e s  f o r  de s i gn i ng 
d i f f e r en t  f u rn i t u r e  and  con s t r u c t i on s .
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E xpe r imen t  I I

We  had  de c i ded  on  t he  shape ,  bu t  t he r e  was  s t i l l  t h e  que s t i on  o f  how 
t he  d i f f e r en t  t r i ang l e s  cou l d  be  connec t ed .  I t  wa s  c l ea r  t ha t  we  had 
t o  c r ea t e  a  connec t i ng  p i e ce  t ha t  c ou l d  be  u sed  i n  s e ve ra l  d i r e c t i on s . 
A f t e r  t r y i ng  ou t  many  d i f f e r en t  v a r i a t i on s ,  we  f ound  ou t  wha t  wo r ked 
we l l  and  op t im i z ed  t he  pa r t s  a c co rd i ng l y.  The  r e su l t  o f  t h i s  p ro ce s s 
we re  t h r ee  d i f f e r en t  c onnec t i ng  pa r t s .
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1 : 1

Our  f i na l  p roduc t  i s  a  co f f ee  t ab l e  w i t h  t h r ee  t y pe s  o f  c onnec t o r s .  I t 
c on s i s t s  o f  twe l v e  equ i l a t e ra l  t r i ang l e s  w i t h  s i x  m i l l ed  no t che s ,  twe l -
v e  s t r a i gh t ,  e i gh t  130  deg ree  and  f ou r  100  deg ree  connec t o r s .  The 
he i gh t  i s  24 .4  cm  and  t he  w id t h  60  cm .  The  connec t o r s  f i t  p e r f e c t l y 
i n t o  t he  no t che s ,  c r ea t i ng  an  e ven  su r f a ce .
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C lo se  Up  I

C l o se  Up  I I

C l o se  Up  I I I



102

Cu t t i ng  La you t  &  P roduc t i on

The  connec t o r  s y s t em  was  f i r s t  t e s t ed  u s i ng  a  l a s e r  c u t t e r  t o  c r ea t e 
mockup s .  Ba sed  on  t he se  mockup s  we  wen t  t o  t he  wood  wo r k shop 
and  bu i l t  a l l  pa r t s  b y  hand .  Fo r  a  l a r ge r  s ca l e  p roduc t i on  t he  pa r t s 
c an  be  cu t  ou t  w i t h  a  CNC m i l l i ng  mach i ne .
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A s s emb l y

1

2

3

2x

12x6x

8x

4x

6x
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De t a i l s

104
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Ou r  f i na l  p roduc t  th ree  co rners  i s  e xpandab l e .  Mo re  t r i ang l e s  c an 
be  added  t o  c r ea t e  d i f f e r en t  f u rn i t u r e . 
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Fe l i x  Koppe
Lena  B rake

Ok t a  Cha i r
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I dea   1 1 5

E xpe r imen t  I   1 1 6

E xpe r imen t  I I   1 1 7

E xpe r imen t  I I I   1 1 8

E xpe r imen t  I V   1 1 9

1 :1   1 2 0

Cu t t i ng  La you t   1 2 2

As semb l y  &  P roduc t i on   1 2 3

De ta i l s  1 5 4

Con ten t s
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Re f e r en ce  I

Re f e r en ce  I I

Re f e r en ce  I I I
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The  goa l  o f  ou r  de s i gn  was  t o  c r ea t e  a  p l ug- i n  cha i r  f o r  wh i ch  a s 
much  a s  po s s i b l e  o f  t he  e x ce s s  ma te r i a l  o f  16boxes  i s  u s ed .  The 
i nd i v i dua l  e l emen t s  ( equ i l a t e ra l  t r i ang l e s ,  he xagons ,  r i gh t - ang l ed 
t r i ang l e s )  a r e  r emoved  f r om  t he  r ema in i ng  ma te r i a l  u s i ng  a  CNC 
m i l l i ng  mach i ne .  They  a r e  j o i ned  b y  3D -p r i n t ed  connec t o r s ,  wh i ch 
de r i v e  f o r c e s  ( t en s i l e  f o r c e ,  c ompre s s i v e  f o r c e  and  t o r s i ona l  f o r c e ) 
c on s t r u c t i v e l y.  A  t ongue  and  g roove  connec t i on  s y s t em  i s  u sed  so 
t ha t  a l l  pa r t s  c an  be  ea s i l y  j o i ned  t oge the r.

I d ea
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E xpe r imen t  I
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E xpe r imen t  I I

An  e xpe r imen t  w i t h  geome t r i c  f i gu r e s ,  c omb ined  w i t h  t he  ana tomy  o f 
pengu in s ,  w i t h  t he  a im  o f  c on s t r u c t i ng  a  cha i r.



118

We  wan ted  t o  u se  t he  shape  o f  a  he xahed ron  s t ump  t o  de s i gn  t he 
she l l  o f  a  cha i r.

E x pe r imen t  I I I
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E xpe r imen t  I V

In  t h i s  app roach ,  we  t r i ed  t o  con s t r u c t  a  cha i r  u s i ng  on l y  r e c t ang l e s .
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Okta  Cha i r  –  A  p l uggab l e  cha i r  he l d  t oge the r  b y  3d -p r i n t ed  
c onnec t o r s .

1  :  1
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C lo se  Up  1 :10  I

C l o se  Up  1 :10  I I

C l o se  Up  1 :10  I I I
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Cu t t i ng  La you t
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The  i nd i v i dua l  p l ywood  s egmen t s  o f  t he  Okta  Cha i r  a r e  manu fa c t u -
r ed  b y  CNC m i l l i ng  and  t he  connec t o r s  a r e  made  t h rough  3D  p r i n t i ng . 

A s s emb l y  &  P roduc t i on
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De t a i l s

124
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T he  Mak i ng- o f

129
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Pro f .  Dr.  s c .  Manue l  Kre t zer  i s  p r o f e s so r  f o r  Ma te r i a l  and  Te chno lo -
g y  a t  t he  De s sau  Depa r tmen t  o f  De s i gn ,  Anha l t  Un i v e r s i t y  o f  App l i ed 
S c i en ce s .  H i s  r e s ea r ch  a ims  a t  t he  c r ea t i on  o f  d ynam i c  and  adap t i v e 
ob j e c t s  w i t h  a  s pe c i f i c  f o cu s  on  new  sma r t  and  b i o l og i ca l  ma te r i a l 
pe r f o rmance  and  t he i r  c omb ina t i on  w i t h  advanced  d i g i t a l  de s i gn  and 
f ab r i c a t i on  t oo l s .

w w w. m a t e r i a b i l i t y. c o m
    @ m a t e r i a b i l i t y

Ni l s  Wadt  i s  CEO  and  de s i gne r  a t  16boxe s .  He  came  t o  f u rn i t u r e 
de s i gn  b y  t u rn i ng  a  l o ca l  p rob l em  ( how  t o  l i v e  mob i l e ,  f l e x i b l e  and 
su s t a i nab l e )  i n t o  a  p roduc t  f o r  t ho se  w i t h  t he  s ame  pe r spe c t i v e .  Ha -
v i ng  s t ud i ed  ph i l o sophy,  s o c i o l ogy  and  ge rman  s t ud i e s ,  t he  en t r y  t o 
de s i gn  i s  ba sed  on  concep t s  o f  mode rn i t y  and  a  s t r ong  f o cu s  on  u se r 
e xpe r i en ce .

w w w. 1 6 - b o x e s . c o m
    @ 1 6 _ b o x e s

S te fan  Brun ing  i s  l ea  p roduc t  de s i gne r  a t  Ono  B i ke s .  Hav i ng  wo r ked 
i n  a  va r i e t y  o f  c on t e x t s ,  h i s  f o cu s  l i e s  on  nav i ga t i ng  t he  j ou rney  f r om 
p ro t o t ype  t o  s e r i a l  p roduc t i on .

w w w. o n o m o t i o n . c o m
    @ o n o . b i k e s

V i t a s
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Sebas t ian  Fe l i x  E rns t ,  a r ch i t e c t  and  de s i gne r,  e xpe r imen t s  w i t h  l ow 
and  h i gh  t e ch  p ro ce s se s  t o  de ve l op  p ro t o t ype s  and  e xpe r imen ta l  s pa -
t i a l  s e t up s .  He  co - t u t o r ed  t he  phy s i c a l  and  me thod i ca l  pa th s  t o  f o r-
mu la t e  new  app roache s  i n  t h i s  wo r k shop .

w w w. s e b a s t i a n f e l i x e r n s t . i n f o
    @ e r n s t . o f f i c e

Chr i s t ian  Smi rnow i s  s e r v i c e  de s i gne r  wi t h  a  ba ckg round  i n  t r an sd i -
s c i p l i na r y  de s i gn  ( Pa r son s  New  S choo l )  and  ha s  been  t ea ch i ng  de s i gn 
t h i n k i ng  a s  a  p rog ram  l ead  a t  HP I ,  p r omo t i ng  co l l abo ra t i v e  i nnova -
t i on  p ro j e c t s  f r om  s t uden t s .

w w w. c h r i s t i a n s m i r n o w. c o m
    @ c h r i s t i a n s m i r n o w








