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film hinge thickness in [mm] required safety factors 
0.3 ≥1.0 
0.4 ≥1.0 
0.5 ≥1.0 
0.6 ≥1.2 
0.7 ≥1.33 
0.8 ≥1.75 

Tab. 2. Required safety factors for 100 turns 
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The examination of the rules was made for 100 turns with 
safety factors of 1.0 to 2.0 and a bending angle of 180°. The 
orientation of the film hinge in the x-/y-plain was found as the 
optimal part orientation. The necessary safety factors can be 
found in Tab. 2. It could be verified that a design layout of film 
hinges is possible using the rules available for injection 
moulding based on the elongation at break.  
 
3.4 Springs 

The direct integration of springs in parts gives many new 
possibilities for various applications. In injection moulding the 
fabrication of springs always depends on the demoulding of the 
part, whereas laser sintering, thanks to design freedom, offers 
the possibility to manufacture integrated springs in standard 
forms and even in special forms. During the research, the 
properties of laser sintered pressure springs were characterised. 
In this context the interrelationship between the spring constant 
R (equation 2) and the different spring dimensions (wire 
diameter d, spring diameter D, spring length L and lead s) were 
researched (Muhs et al., 2003). 

 
ܴ ൌ ீ

଼
· ௗర

஽య · ௡
 with ݊ ൌ ௅

௦
                          (2) 

 
The analysis was done for springs in different sizes and 

orientations. Each laser sintered spring showed off a nearly 
linear spring characteristic. Fig. 1 shows for example the 
interrelationship between the wire diameter and the spring 
constant.  An influence from the part orientation to the spring 
characteristic could not be detected. The researches showed that 
the interrelationship described in equation 2 can be obtained in 
most parts for laser sintered springs, too.  

 
3.5 Snap-fits 

Snap-fits are a current connection element for laser 
sintering. However, adequate rules for the design layout are still 
missing. The maximum load on the snap-fit is due to the joining 
of the connection. Here the permitted strain ε of the material 
must not be exceeded. As a reference value for injection 
moulding about 70 % of the elongation at yield is valid for 
materials with a distinctive yield point (Ehrenstein, 2002). To 
verify these rules, laser sintered snap-fits with rectangular 
cross-sections and ring segments were tested. 

To research the function and the maximum outer fibre 
strain ε laser sintered snap-fits with different dimensions were 
built. These result from equation 3 for rectangular cross 
sections respectively ring-sections with the snap-fit length L, 
the undercut f, the thickness h and the outer diameter ρ2 
(Ehrenstein, 2002). 

 

 
Fig. 1. Spring constant in dependency of the wire diameter 
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The elongation at yield of the used PA 2200 was found by 

11%. The permitted strain is then 7.7%. During the tests the 
length, thickness and undercut of the snap-fits were varied. The 
analysis showed that to achieve functional connections an 
undercut of minimum 1.5 mm for a rectangular cross section 
respectively 1.0 mm for a ring-segment is necessary. Within the 
limits of the maximal permitted strain functional snap-fits result 
regularly from L:h ratios of 6:1 to 3.5:1 for rectangular cross-
sections and 6:1 to 4.5:1 for ring-segments. As the result the 
applicability of the rules for injection moulding could be 
proved right for laser sintering. 

 
4. CONCLUSION 
 

Within the analysis some first rules for the manufacturing 
of parts with integrated functions could be established and 
validated for laser sintering. These rules enable engineers for 
the first time ever to fully utilize the potentials of additive 
manufacturing and dimension products suitable for Rapid 
Manufacturing. Additionally, defective parts can be avoided 
thanks to the determined geometrical limitations. The research 
contemplated only the laser sintering as additive manufacturing 
technique and some function elements. In the future, more 
elements shall be analysed and the rules should also be verified 
for other additive manufacturing techniques. Corresponding 
research projects are planned for the coming years. 
 
5. ACKNOWLEDGEMENTS 
 

The authors would like to thank the working group 
industrial research union "Otto von Guericke" (AIF) for 
funding the work (15351BG). 

 
6. REFERENCES 
 
Becker, R.; Grzesiak, A.; Henning, A. (2005). Rethink 

assembly design. Assembly Automation, Vol. 25,  No. 4,  P. 
262 - 266, ISSN 0144-5154 

Ehrenstein, G.W. (2002). Mit Kunststoffen konstruieren, Carl 
Hanser Verlag, ISBN 3-446-41322-7, München - Wien 

Erhard, G. (2008). Konstruieren mit Kunststoffen, Carl Hanser 
Verlag, ISBN 3-446-41322-7, München 

Gebhardt, A. (2007). Generative Fertigungsverfahren - Rapid 
Prototyping - Rapid Tooling - Rapid Manufacturing, Carl 
Hanser Verlag, ISBN 3-446-22666-4, München 

Kruf, W.; van de Vorst, B.; Maalderink, H.; Kamperman, N. 
(2006).  Design for rapid manufacturing functional SLS 
parts, Proceedings of the 2nd IPROMS Vitual International 
Conference on Intelligent Production Machines and 
Systems ,  Pham, D. T. (Ed.), P. 389 - 394, ISBN 0-0804-
5157-8, Cardiff, July 2006, Elsevier, Kidlington - 
Amsterdam 

Kunz, J.; Bachmann, S.; Studer, M. (2007). Filmgelenke 
dehnungsbezogen ausgelegt.  Kunststoffe, Vol. 12/2007,  S. 
129 - 132 

Luscher, A.F. (2001). Use of selective laser sintering for the 
function testing of snap-fits, Proceedings of the Antec 
Conference 2001, P. 2491 - 2493, ISBN 1-5871-6098-6, 
Dallas Texas, May 2001, CRC Press, Boca Raton Florida 

Muhs, D.; Wittel, H.; Becker, M.; Jannasch, D.; Voßiek (2003). 
Roloff/Matek Maschinenelemente, Vieweg Verlag, ISBN 3-
5280-7028-5, Wiesbaden 

Watts, D.M.; Hague, R.J. (2006) Expoiting the design freeform 
of RM, Proceedings of Solid freeform fabrication 
symposium 2006, Bourell, D. L. (Ed.), P. 656 - 667, Austin, 
Texas, August 2006, University of Texas, Austin Texas 

0
0,04
0,08
0,12
0,16

0,2

1,5 2 2,5 3

sp
ri

ng
 c

on
st

an
t

in
 [N

/m
m

]

wire diameter in [mm]

liegend
stehend
horizontal
vertical




