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ABSTRACT 

The effects of molecular weight on fatigue crack propagation of polyimide (PI) are investigated for four 
kinds of molecular weight (Mw) from 2.5×104 g/mol to 3.8×104 g/mol. The rate of fatigue crack growth 
follows the Paris law under the ∆K range tested, and decreases with the increase of Mw. Except for the 
highest Mw case, the discontinuous crack growth (DCG) bands were observed on the fracture surfaces 
under lower ∆K. The width of DCG bands is almost independent of ∆K and increases with increase of Mw. 
The number of cycles needed to form one DCG band increases with increase of Mw, which is cause of the 
higher fatigue resistance for higher Mw. The critical values of craze stress at the onset of crack jump in 
DCG are estimated by Dugdale’s model and are smaller for higher Mw. This result suggests that materials 
with higher Mw sustain more damage accumulation. 
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INTRODUCTION 

Polyimide (PI) is one of most useful engineering plastics and we have already investigated the effect of 
molecular weight on some mechanical properties, e.g. Young’s modulus, JIC and so on [1]. For applying the 
structural components, the behavior of fatigue crack propagation (FCP) of PI might be estimated. In some 
polymers, the crack does not propagate on one load cycle in spite of following the Paris law. This FCP 
process is called as discontinuous crack growth (DCG) [2]. For instance, Takemori [3] has investigated the 
DCG mechanism of amorphous polymer, e.g. PC. Although he indicated that this behavior occurs as a 
consequence of both crazing and shear banding ahead of the crack tip, there is little consideration about the 
width of DCG. While, Skibo [4] studied the fatigue processes in polystyrene and indicated the width of 
DCG bands was the same as the length of craze region at crack tip. In this study we investigated the effect 
of molecular weight on the FCP of PI and discussed the mechanism of DCG process.  

METHOD 

Table 1 Material properties of specimens. 
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A 2.5×104 3.18 88.3 0.395 3.6

B 2.8×104 2.98 88.3 0.399 5.7

C 3.0×104 3.14 86.6 0.390 6.6

D 3.8×104 3.68 110.0 0.382 7.8

Notch
  Depth 10.0
  Width 0.6

Fig. 1 Dimensions of CT specimen. 
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Procedure 
Fatigue tests were performed with electrohydraulic closed
Frequency was 7.5Hz and stress ratio R was 0.1. 
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SEM observation 

Fig. 2 Influence of molecular weight on fatigue 
crack propagation. 
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Fig.3 The effect of molecular weight on da/dN at
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Fig. 4 SEM fractograph showing the DCG (a), the transition from DCG to FCP process (b) and the FCP
process(c). The diagram (d) shows the observation point on ∆K-da/dN relation for each photo.  
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Fig. 5 Schematic diagram showing the 
discontinuous crack growth in each Mw.  

Type
DC G  band spacing

[µm ] Num ber of C ycles σc
 [M Pa]

A 3.6 10 231
B 8.6 100 150
C 9.2 240 145

Type A B C D

C 7.93×10-4 2.27×10-4 1.32×10-4 1.12×10-5

m 3.35 3.58 3.79 5.26

Table 3 The space of DCG bands and the number of
loading cycles for making DCG band. In addition, 
the critical fracture craze stress is derived from the 
Dugdale model.  

Table 2 Coefficients of Paris law for each specimen.

between photos (a) and (b).) Any striation can’t be seen on the fracture surface during CCG as shown in 
Figure 4(c). These behaviors are the same as that of type A and C. While, the morphology of the type D 
fracture surface is different from the others and DCG bands can’t be seen on the any fracture surfaces.  

Discontinuous Crack Growth 
Several studies [4,6,7] have shown that the Dugdale formulation,  
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gives the relationship between the critical fracture craze stress σc at the crack jump due to damage 
accumulation and the width of DCG bands ω. The ω at ∆K = 0.7 mMPa  measured by the SEM photos, 
the number of cycle for a crack jump and σc by Eq. (5) are shown in Table 3. The ω increases with the 
increase of Mw. Figure 5 shows a schematic figure of the craze region of a DCG band. With the increase of 
Mw the more damage accumulates at the craze region of the higher Mw specimen for a crack jump. 
Subsequently, the craze region can be extended at crack tip, that is ωh > ωl. While, σc decreases with the 
increase of Mw because of this damage accumulation. This decrease of σc needs the more number of cycles 
for a crack jump, that is Nh > Nl. Consequently, da/dN decreases with the increase of Mw.  
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