
/ 
/

/ /
/ /

/ /
/

/ / -/
/ / -/./ . 

// ./ 

I.~ 

-/"'/ 
",-/ / 

-~......--/-/ / 

'" 

GUIDE LINES FOR 
L--_-r-IM1NIMUM WEIGHT 

DESIGN 

ENGINEERING 
POLYMERS 

-/
ENGINEERING /' 

ALLOYS 
----;:;r-
-/ 

'" /' 

-/ 
-/ 

-/ 

'" ..- 3x102 

1\POLYMERS 
FOAMS 

1. MODULUS-DENSITY 
YOUNGS MODULUS E 

(G:: 3E/8; K== E.) 

1001-----+-------:::t·--1I 
-/ 

/'
/'

./ 
-/ 

/' /'ENGINEERING 
COMPOSITES 

10 

MFA:88-91 

0.1 

l.f) 
::J 
--I 
::J 
o 
o 
~ 

l.f)
<.9 1. 0 k-:.-,.....,.....,....,....,.....,.....,,--r'r"7"7"-r+-,--r 

Z 
::J 
o 
>

Materials and Process Selection Charts 7 

~ :: So "- eo.-- -.".9... /",.5 

K.. _- \, <.J / k. ...... 0 ~ c.J I V S 

10oo.----------------r-,------,-~~;:__r---,-.,--,~r_--;--"_"l 

O. 0bL.l L----"~.L-Ol.3-L.-.L-J......J.......Jl..~1. 0~---l..-.L.....----:3!;---L---L-L....JL.L~10:----L..-130 

DENSITY, p (Mg/m 3
) 



=~ 

-~ 
= 

~ 

~ 

-b 

:r: 
l-
t:) 

Z 
W 
0:: 
I 
IJ) 

10 

ELASTOMERS 
,/ 

,/ 
,/ 

,.//' ,/ 

/' ,// 
,/ ,/ 

/' ,// 
,/ / 

,/ / 
,/ / 

/ 
/ 

,/ 
,/ / 

,/ /
,/ /

,/ /
,/ / 

/,/ 
1;2 /cr 1(3,/ cr

...1-C .:i =C p- P 
O'b., 0.3 , 

DENSITY P 

h 
""/7

,//',// 

GUIDE LINES
 
FOR MINIMUM
 

WEIGHT DESIGN
 

10 30
 



Materials and Process Selection Charts 9 

10.000.-------...,....------r--1--....,...----::;rr=;::o7T""""-.--r-T"""T"'~--__,_-....., 

2. STRENGTH-DENSITY 

10001-------+-------+----1 

o 
0... 
~ 1001-------+--...." 

b 
I 
I
(9 

Z POROUS 
W 
0:: 
I
(f) 

101------""""':lIo1" 
CERAMICS 

ENGINEERING 
POLYMERS 

GUIDE LINES 
ELASTOMERS FOR MINIMUM 

./
./ WEIGHT DESIGN 

./ 
./ ,/ 

/ 
,/ / 

,/ /
,/ /

/ /
./ / 

/ 
(J 4'3,/ 1,02

(J 
/ 

/ 

..l=C
P 

---f =C
P 

10 30OJ 1 

DENSITY P 



Materials and Process Selection Charts 13 

I 
,I / 

I / 
/ / // 

'/ /
I I /
II / 

I /

1;/ / 
~/

.1" 

DESIGN 
GUIDE 
LINES 

MAX ENERGY 

I t---7f-----,,---r-+---~y	 STORAG E PER 
UNIT VOLUME 

BUCKLING 
BEFORE YIELD 

10	 100 1000 10,000 

STRENGTH Of (MPo) 



Materials and Process Selection Charts 33 

14. MODULUS-RELATIVE COST I
 
YOUNGS MODULUS E ~~ii.!!!!'"ooo~~' G-CERMET~I 

~__~~~:-'-~~~:::~=--....!M~F:A; /.. ~89~-~9~1b~:::-:"'~~~ 
I
 

I
 
I
 

I
 
I
 /

I
 I
 
I
 /

I
o I

I
0.. /

I
19
 I
 
I
 I
 

W 

l.f) 

::> 
-J 
::> 
o 
o 
2
 

I 

GUIDE LINES 
FORMINIMUM 
COST DESIGN 

1/
I / 

I I 
I I / 

1/ /
II 

11/
y/ 

1001------

0.1 f-------------" 

55 

10 1---------" 

0.01 L...:....----L----L----l-.L....LL.LI.l ----l-----l...--l.......l--.L....I..~_---l...----l...-..I......-l......I.:.:...J...u...._...l...._....L......J......L..Jw..J...u___J......_J.......J.....L.J....J...J.._ 

OJ 10 100 1000 10000
 

RELATIVE COST PER UNIT VOLUME CRP (Mg/m 3 ) 



Materials and Process Selection Charts 35 

1 
/ 

1 
1 

1 
/ 

1 I 
1 I 

GUIDE LINES 
FOR MINIMUM 
COST DESIGN 

/ I
/1 /

1 I / 
1 I // 

1 I / 
;I/. 

11/
j// 

/If
/11

/ II 
/ II 

/ I 
// I 1 

/ / 1 
/ I I 

15.STRENGTH -RELATIVE COST 
METALS AND POL YMERS:YIELD STRENGTH 
CERAMICS AND GLASSES:COMPRESSIVE STRENGTH 
ELASTOMERS:TENSILE TEAR STRENGTH 
COMPOSITES: TENSILE FAILURE MFA:89-91 

..-
GLASSES ----:!.. \ 

1000 f------------'....-'" 

,........ 
d 
Q. 
~ 
'-'" 

o '00 

I 
~ 
<.9 
Z 
W 
a: 
~ 101----
(j) 

o.10.L...:.,-....L-....L-J......I....u...J..~,_......J....-..I.......I....L.....u...Ll,L _...l.-.....L..J....LLJ..l..Ll- -.L..-L....1......Ll.--I...1l,O.L- ---.l.----l---L.LL.1.LU,0.000

O 1O0 OO

RELATIVE COST/UNIT VOLUME CR P (Mg/m3
) 


