
 

 

 

 

 

 
 
 

 

 



≥

 



≤

 





≥



≤



 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

  

  

  

  



  

  

  

  

  

 

 

  

  

 

 

  

  

  

  

  

  

  

  

 

 

  

  

  

  

  

  

  

  

  

 



  

  

  

  

  

 

 

 

 

 

 

 

 

 



 

 







 

≥

 ≥

 

 

 



>  

≥  



 

≥  



≥



 

Verbund-
werkstoffe

Metall 
matrix

Keramik
matrix

Polymer
matrix



ρ

ρ ρ ρ

ρ ρ

 



 

• 

• 

• 



 

ρ ρ ρ

 

  

β β

 





 

α

β

α- β-

α β



→

  α

β

  

  

 



σ

σ σ σ σ σΔ σ

σ σ

σ

σΔ

 σ

σKF =  σMatrix
K

√dK
          

σ

  . 



σO =
GMb

PA

 ρCTE =  
C∆CTEVP

b(1−VP)A𝑃
,           

Δ

σ

σCTE = αGMb(ρCTE)1/2,

α σ



 σ∆E−Modul =  √3αGMb√
6VPε

bdP
       

σ𝐿𝑎𝑠𝑡 =  
1

2
𝑉𝑃σ𝑀,         

𝜎𝑀

 .

 

• 

• 

• 

 



μ

 

𝑉𝑃 =  
𝑉𝑜𝑙𝑢𝑚𝑒𝑛 𝑑𝑒𝑟 𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙

𝑉𝑜𝑙𝑢𝑚𝑒𝑛 𝑑𝑒𝑠 𝑉𝑒𝑟𝑏𝑢𝑛𝑑𝑤𝑒𝑟𝑘𝑠𝑡𝑜𝑓𝑓𝑒𝑠
=  

𝑁(
𝜋

6
)𝑑𝑃³

1
       

PM𝐺𝐴 = 𝑁 𝜋 𝑑𝑃
2 =  

6 𝑉𝑃

𝑑𝑃
        



 



 

 

θ



 

cos θ =  
γSV − γSL 

γLV

γ γ γ

θ

γ γ

γ γ γ

𝛾𝐿𝑉

𝛾𝑆𝑉𝛾𝑆𝐿

𝛾𝐿𝑉

𝛾𝑆𝑉𝛾𝑆𝐿

θ θ

θ



γ θ

γ θ

 



 



𝑥2~𝐷𝑡

𝐷 = 𝐴
−∆𝑄

𝑘𝑇             

Δ

θ



• γ

• γ

• γ

 

 

• 

• 

• 



 

• 

• 

• 

• 

• 



γ γ

γ

 

γ

.

 

• γ

• γ



• 

 

 

 

3

2



 

 

 

 



 

 



 

γ



 

 



 

γ

α

β

α β



 

𝐿𝐹 =  
𝜌𝑀𝑑𝑉

2ℎ(𝑇−𝑇K)
(∆𝐻 + 𝐶𝑃∆𝑇) (1 +

𝐾

2
),        

𝐾 = (
ℎ

𝐾𝑀
)√

𝜋𝛼𝐾∆𝑥

𝑣
,           

Δ

Δ

Δ

α ρM



.
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η

τ �̇�

τ =  
𝐹

𝐴
,            

�̇� =  
𝑑𝑥

𝑑𝑦
,             

η =  
τ

�̇�
,            

.

�̇�

�̇�

η

τ



  

 

 

 

φ  

𝜇𝑉 =  μM (1 +  2,5 φ² +  10,25 φ²)

μ μ

φ

ξ

𝜇𝑉 =  𝜇𝑀(1 +  2,5 φ) +
33

15𝜋
[

1

𝜉−1
] φ.        

�̇�

�̇�2

�̇�1

𝜂(�̇�1)

𝜂(�̇�2)

𝜂
𝑡𝑡1

𝑡𝑡1



φ ξ 

𝜇𝑉 =  𝜇𝑀
ξ(−1+𝐷𝑃)0,95

(0,01+37,35𝐷𝑃)0,95 φ.         

  

  

    

    

  

   

 



𝑉𝑃𝑒𝑓𝑓𝑒𝑘𝑡𝑖𝑣

VP𝑒𝑓𝑓𝑒𝑘𝑡𝑖𝑣 =                    

 



 



α



 

 

 

 

 

𝑣𝑃

𝑣𝑃  =  𝑣𝑆  (1 − 𝑉𝑃)𝑝,

𝑣𝑆 𝑉𝑃 𝑑𝑃

𝑑𝐴 𝑝

𝑝 =  4,65 +  19,5
𝑑𝑃

𝑑𝐴
,          (  

𝑝 =  (4,35 +  17
𝑑𝑃

𝑑𝐴
) 𝑅𝑒−0,03.            

 





 



 

 



 



 

• 

• 

• 

 



 

 

 





 

 



 

  min−1

 

105  𝑠−1



 

 







• 

• 

• 

• 

  

  

  

𝐹𝑆𝑐ℎ𝑒𝑟

𝐹𝑆𝑐ℎ𝑒𝑟 =  6 𝜋 η 𝑑𝑃
2 �̇�,          

η  𝑑𝑃 �̇�

�̇�𝑒𝑓𝑓

�̇�𝑒𝑓𝑓 =  𝑘𝑀𝑂 𝑛

𝑘𝑀𝑂
𝑘𝑀𝑂



π

𝑊𝜑



1
2ൗ 1

3ൗ 1
4ൗ 1

8ൗ





• 

• 

φ𝑒𝑓𝑓𝑒𝑘𝑡𝑖𝑣(𝑇, 𝑡) =  φ𝑀𝑎𝑡𝑟𝑖𝑥(𝑇) +  φ𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙(𝑡)

≤ 

φ𝑀𝑎𝑡𝑟𝑖𝑥(𝑇)

φ𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙(𝑡)

 



𝜑𝐺𝑒𝑠𝑎𝑚𝑡(𝑇, 𝑡)

φ

φ





 ≤ 

 ≤ 

≤ 7

 

≤ 7

≤ 



 



 



 

 

•  

•  

•  





 

• 

• 

• 

 





 

  

 

 

   

 

 

𝑚𝑠−1



 

 

 ms .  

• 

• 

• 

• 

• 

• 



 

β

 α





• 

• 

• 



𝑣 =  √2 
𝑝

𝜌𝑓
,            

𝑣 𝑝 𝜌𝑓

 



 

≥  

  



 



 

 

  

   

  

 

  

 

 

 



 

 

 

 

 

≥

  )

 



 

 

 

 

 

 

Si Mn Mg Fe Ti Cu Zn Al 

9,6 0,47 1,0 0,4 0,05 0,05 0,05 Rest 

  

 



 



 

  

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 

 

 

 

  



 

Versuchs-

reihe 

Material (D50) Partikel-

ᴓ[µm] 

Schmelz-

temp. [°C] 

Gieß-

temp. [°C] 

Kokillen-

temp. [°C] 

Abgüsse 



 

 

  

 



𝑏𝑎  ℎ𝑎

 

  

𝐷 =  
𝑏𝑎 ℎ𝑎 

𝑏𝑎 +ℎ𝑎 



 

 

 

 



Versuchs-

reihe 

Material (D50) Partikel-

ᴓ [µm] 

Schmelz-

temp. [°C] 

Gieß-

temp. [°C] 

Gießform-

temp. [°C] 

Abgüsse 

VVorlauf [m/s] VFormfüllung [m/s] VAnschnitt [m/s] VÜberlauf [m/s] PNachdruck [bar] 

 

 

 

 

   

 



 



   

ΨBenetzung

   

   

 

   



𝛹𝐵𝑒𝑛𝑒𝑡𝑧𝑢𝑛𝑔 =  
𝑛𝐼∗100+𝑛𝐼𝐼∗(

99+75

2
)+𝑛𝐼𝐼𝐼∗(

47+50

2
)+𝑛𝐼𝑉∗(

49+25

2
)+𝑛𝑉∗(

24+0

2
)

𝛴 𝑔𝑒𝑧äℎ𝑙𝑡𝑒 𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙
.       

 

 Vol.-% 



Versuchsreihe Material Porosität [%] Benetzungsgrad [%] 

Versuchsreihe Material Füllhöhe 

[mm] 

Referenz* 

[%] 



 

 Vol.-% 

 

 

 



 



  

 

Versuchsreihe Material Porosität [%] Benetzungsgrad [%] 



 

 



≥

 

 

≥  



 

 



 

Versuchsreihe Passive Oxidation Ultraschallbehandlung Abgüsse 



 

 



 

Beheizung Volumen 

Behälter [l] 

Volumen 

Partikel [l] 

Drehzahl 

Ofenrohr 

[u/min] 

Durchmesser 

Behälter 

[mm] 

Oxidations-

dauer [h] 

Oxidations-

temp. [°C] 

s



 

 

 

  

 

 

   



  



 

 



 

  

 

  

 



 

 

 

 

 

Amplitude 

[µm] 

Frequenz 

[kHz] 

Temperatur 

[°C] 

Dauer 

[min] 

Eintauchtiefe 

Sonotrode [mm] 

Behandeltes 

Volumen [l] 



 



𝜎𝑟𝑒𝑓

∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟

𝜎𝑟𝑒𝑓

𝜎𝑟𝑒𝑓

   

  

𝑁𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙

𝑁𝑖 𝑁𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙

�̅� 𝜎𝑟𝑒𝑓

𝑁 =  
𝑁𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙

100

𝜎𝑟𝑒𝑓 =  
√

1

100−1
∑ (𝑁𝑖−�̅�)2100

i=1

�̅�
.       

𝜎𝑟𝑒𝑓

∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟

𝑛𝑛𝑖

𝑛𝑛̅̅̅̅

𝑁𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙    

∆𝑖𝑑𝑒𝑎𝑙



 Vol.-% AMCP-

𝜎𝑟𝑒𝑓

 

 

 

 

 

 

 

 

∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟

∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟

𝑛𝑛̅̅̅̅ =  
1

𝑛
∑ 𝑛𝑛𝑖

𝑛
𝑖=1

∆𝑖𝑑𝑒𝑎𝑙=  
∆𝑥+∆𝑦

2
=

1800(𝑥) 

𝑁𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙
+

1800(𝑦) 

𝑁𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙

2
         

∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟=  
𝑛𝑛̅̅ ̅̅

∆𝑖𝑑𝑒𝑎𝑙
        

∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟 

∆𝑥
∆𝑦



 ∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟 

     

  

 

𝜎𝐵 𝜀𝐵 

𝜎𝐵 =  
3𝐹𝑙𝑣

2𝑏ℎ²
,           

𝜀𝐵 =  
600ℎ∆𝑧

𝑙𝑣²
,

𝑙𝑣  

∆𝑧



     

 

 

     

  

  



Radius 

Pin [mm] 

Gleitgeschw. 

[m/s] 

Anpresskraft 

[N] 

Gleistrecke 

[m] 

Radius Gleit-

strecke [mm] 

 

 

 

 

 



Versuchsreihe Bezeichnung Porosität [%] Benetzungsgrad [%] 





 

𝜎𝑟𝑒𝑓 ∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟

𝜎𝑟𝑒𝑓 𝛥𝑁𝑎𝑐ℎ𝑏𝑎𝑟



𝜎𝑟𝑒𝑓 ∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟

 

 

σ

Δ



 

Versuchsreihe Bezeichnung Biegefestigkeit [MPa] Randfaserdehnung [%] 





 



 

 



 



 

    

σ

Δ



Versuchsreihe Bezeichnung Summe 

 

 

 

 

 

  





 



 



 





 

≥







 

 

φ= 



 



 

 



 





 

 

 



 

 



  











≥











́



 1192, 

Deutscher Universitätsverlag, Wiesbaden 1963. 



 3, Elsevier, Amsterdam 2005. 



 

 



 

 36, Shaker, Aachen 2015. 
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𝜑𝐺𝑒𝑠𝑎𝑚𝑡𝑇, 𝑡  

 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

s  

 

 

 

 

 

 

 

 

𝜎𝑟𝑒𝑓  

 Vol.-% AMCP-

𝜎𝑟𝑒𝑓

 



∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟

 

 

 

 

 

 

 

𝜎𝑟𝑒𝑓

∆𝑁𝑎𝑐ℎ𝑏𝑎𝑟  

 

 

 

 

 

    

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



β-

 α-





𝑉𝑃𝑒𝑓𝑓𝑒𝑘𝑡𝑖𝑣



A

AP 

b 

bb

bh 

CP

D

DR

DT

d

dA

dK

dp 

F

FScher 𝐹𝑆𝑐ℎ𝑒𝑟

GM

h

K

KM

kMO

LF



lv

N

N̅

Ni

NPartikel

n

ni

nni

nn̅̅̅̅

PA

p

v

Vr

VP

vP

vS

α 

αK

γ̇     

γ̇eff      

γSV    

γSL     

γLV     

ΔCTE 

ΔQ



ΔH 

∆Nachbar

ΔT 

Δx

∆ideal

∆z

ρc

ρCTE  

ρm

ρf

ρr

σB

σCTE

σKF

σLast

σMatrix  

σO

σΔE-Modul

σref



εB

η

ηM

θ    

τ 

φ 

φ𝑒𝑓𝑓𝑒𝑘𝑡𝑖𝑣(𝑇, 𝑡)    

 

φ𝑀𝑎𝑡𝑟𝑖𝑥(𝑇)

φ𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙(𝑡)  

μV

μM

ξ

ΨBenetzung     

 



 

 

 

 



 



 



V1 

[m/s] 

V2 

[m/s] 

US 

[mm] 

H2 

[mm] 

TG 

[ms] 

DR 

[mm] 

VA 

[m/s] 

FB 

[mm] 

PN 

[bar] 

TN 

[ms] 

PS 

[bar] 

TZ   

[s] 

SK 

[kN] 

H3 

[mm] 

PXN 

[bar] 

SG 

[mm] 



V1 

[m/s] 

V2 

[m/s] 

US 

[mm] 

H2 

[mm] 

TG 

[ms] 

DR 

[mm] 

VA 

[m/s] 

FB 

[mm] 

PN 

[bar] 

TN 

[ms] 

PS 

[bar] 

TZ   

[s] 

SK 

[kN] 

H3 

[mm] 

PXN 

[bar] 

SG 

[mm] 



V1 

[m/s] 

V2 

[m/s] 

US 

[mm] 

H2 

[mm] 

TG 

[ms] 

DR 

[mm] 

VA 

[m/s] 

FB 

[mm] 

PN 

[bar] 

TN 

[ms] 

PS 

[bar] 

TZ   

[s] 

SK 

[kN] 

H3 

[mm] 

PXN 

[bar] 

SG 

[mm] 



V1 

[m/s] 

V2 

[m/s] 

US 

[mm] 

H2 

[mm] 

TG 

[ms] 

DR 

[mm] 

VA 

[m/s] 

FB 

[mm] 

PN 

[bar] 

TN 

[ms] 

PS 

[bar] 

TZ   

[s] 

SK 

[kN] 

H3 

[mm] 

PXN 

[bar] 

SG 

[mm] 



V1 

[m/s] 

V2 

[m/s] 

US 

[mm] 

H2 

[mm] 

TG 

[ms] 

DR 

[mm] 

VA 

[m/s] 

FB 

[mm] 

PN 

[bar] 

TN 

[ms] 

PS 

[bar] 

TZ   

[s] 

SK 

[kN] 

H3 

[mm] 

PXN 

[bar] 

SG 

[mm] 


