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Abstract: In this study, the fatigue behavior and fatigue life characteristics of PA2200 specimens fabricated by SLS 3D 
printer were studied. Fatigue tests were performed according to the standard specification (ASTM E468) and fatigue life 
curves were obtained. In order to perform the fatigue test, mechanical properties were measured according to the test 
speed of the simple tensile test, and the self-heating temperature of the specimen according to the test speed was 
measured using an infrared temperature measuring camera in consideration of heat generation due to plastic deformation. 
There was no significant difference within the set test speed range and the average self-heating temperature was measured 
at 38.5 . The mechanical strength at the measured temperature showed a relatively small difference from the mechanical 
strength at room temperature. Fatigue test conditions were established through the preceding experiments, and the loading 
conditions below the tensile strength at room temperature 23 were set as the cyclic load. The maximum number of 
replicates was less than 100,000 cycles, and the fracture behavior of the specimens with the repeated loads showed the 
characteristics of Racheting. It was confirmed that SLS 3D printing PA2200 material could be applied to the Basquin's 
S-N diagram for the fatigue life curve of metal materials. SEM images of the fracture surface was obtained to analyze 
the relationship between the characteristics of the fracture surface and the number of repetitions until failure. Brittle 
fracture, crazing fracture, grain melting, and porous fracture surface were observed. It was shown that the larger the area 
of crazing damage, the longer the number of repetitions until fracture.
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- 50 -

- 2 -

SLS 
(Building room)

(Sintering)
. SLS

, 

. 
, , , 

2). SLS 
3D , 

, 
. 

3). 
3D 

4). 
SLS 3D 

PA2200
1~50000 Cycles

PA2200 
.

PA2200 
12(polyamide-12) (monomer)

. Table 1
EOS .

EOS EOSINT 
P395 3D printer

(Selective 
Laser Sintering, SLS) . 

340 x 340 x 620mm 
, 31mm/h, 

8m/s . Fig. 1
. 

(sintering line) (scan spacing) 

0.012mm
8m/s . 

(outline) 1m/s

. 
, 

. Fig. 2
21 (2.52mm)

. Zwick 
Z010TE .

Properties Test method Unit Value
Average grain size ISO 13220-11  60

Bulk density EN ISO 60  0.45
Density of 

laser-sintered part EOS method  0.93

Tensile modulus EN ISO 527 MPa 1700±150
Tensile strength EN ISO 527 MPa 48

Elongation at break EN ISO 527 % 24

Melting point EN ISO 
11357-1 ℃ 172 - 180

Glass transition temp. EN ISO 
11357-1 ℃ 52 - 56

Specific heat DIN 51005 ∙ ℃ 2.35
Thermal conductivity

Vertical to 
sintered layers DIN 52616  ∙ ℃ 0.144

Parallel to
sintered layers DIN 52616  ∙ ℃ 0.127
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PA2200

1, 
10, 50, 100mm/s

. self-heating 
FLIR SYSTEMS Thermo-vision 

A20 . 
10, 50, 

100, 150mm/s . 

PA2200 Fig. 3
1, 10, 50, 100mm/min

PA2200 -
, , , 

Table 2 . 
EOS 

. 
27.2%, 11.3%, 5.0% . 

15.3%. 3.1%, 2.6% . 
5.1%, 10.0%, 8.8%

. 
PA2200

. 

Mechanical 
properties

Crosshead speed(mm/min)

1 10 50 100 unit

Tensile modulus 1853 1746 1820 1882 MPa

Yield strength
(0.5% offset) 29.8 37.9 42.2 44.3 MPa

Tensile strength 42.6 49.1 50.6 51.9 MPa

Elongation at break 29.4 27.9 25.1 22.9 %

. , 
(sliding)

5). 
self-heating , 20

.

Fig. 4 (a)
(b), (c), (d), (e)

10mm/min, 50mm/min, 100mm/min, 150mm/min 

. 20
40.2 , 

37.5 , 38.5 , 37,8 . 
10mm/min~150mm/min self- 
heating .
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23 , 
self-heating 38.5 , 52~56

54 , 
100

100mm/min .  
PA2200 -

Fig. 5 , 
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Table 3 . 
23 self-heating 38.5

EOS 
1700±150 MPa

. 1.8%, 3.8% 
10.5%

. 
23

54 100
32.6%, 73.3% , 

40.0%, 72.0% . 
238%, 1135.8% 

. 
PA2200

, self-heating 38.5

.

Mechanical 
properties

Temperature condition

23 38.5 54 100 unit

Tensile modulus 1860 1725 1254 497 MPa

Yield strength
(0.5% offset) 44.3 43.5 26.6 12.4 MPa

Tensile strength 51.9 50.3 41.1 26.8 MPa

Elongation at break 22.9 25.3 54.6 260.1 %

, 
100mm/min, (R) 0, (A)

.

Fig. 6
. 99%

(1) . 
basquin ~

(2) 6)

, PA2200 ~5x

.

    ⋯ 

    ⋯ 
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Fig. 7 . Fig. 7 (a) (b)
(Ratcheting) 7) , (c)

(d) Plastic shakedown 7)

.  (e) Elastic shakedown
[7] .

Hitachi SU8020
30

. 
(crazing fracture surface)8) (brittle 
fracture surface)9) . grain melting 
defect10), (pore) . 

11). 
Fig. 8

,  PA2200

. , grain melting 
defect 

.
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. 
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