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Abstract The key point of laser thermal loading test is to simulate the real temperature field on the top surface of
the cylinder head with an easy, controllable, effective and accurate way. A kind of non—-symmetric and non—-uniform
shaped laser beam is chosen as the heat source to irradiate on the top surface of the cylinder head, the simulated
temperature field is consistent with the real one. The high cycle and low cycle thermal loading tests are realized. The
test results show that the thermal loading tests can be effectively carried out with the temperature and time control
models, which can provide the foundation for the fatigue life prediction.
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Fig.1 Test spots locations on the top surface Fig.2 Intensity distribution of the non—symmetric and
of cylinder head non—uniform shaped laser beam
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Fig.3 Relationships between the simulated and tested temperature results. (a) In the X direction; (b) in the Y direction
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Fig.4 Simulated temperature results on the top surface of cylinder head with different powers of laser
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Fig.5 Relationship between simulated and tested Fig.6 Relationship between simulated and tested
temperature results under the condition of temperature results under the condition of
1500 r/min(27 kW) 1700 r/min(30 kW)
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Fig.7 High cycle thermal fatigue tests with natural cooling in the temperature-controlled mode. (a) 3000 W; (b) 2800 W;
(c) 2600 W; (d) 2500 W
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Fig.8 High cycle thermal fatigue tests with air cooling in the temperature—controlled mode. (a) 3000 W; (b) 2800 W; (¢)
2600 W; (d) 2500 W
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Fig.9 High cycle thermal fatigue tests with natural cooling in the time—controlled mode. Cooling time of
(a)ls;(b)2s;(c)3s
3.4 BERFNBARARNRARAGTXE
IR R A T BE 3B 3 SR #E I 7E 170 T~330 CHE L, R AR FEE AR R AL, AR A, Mmoo
" 3000,2800.,2600,2500 W i, H L5 45 SR W& 10 Frs o AT T m] DU M R 9 sl B, RE 06 42 1 1
170 C~330 CZ [, i PR KA AL B 17 DL, B8 B I 1] B D) 24 B4 /)N T 96K

B 10 35 B9 AR MR A B R 56 . (2) 3000 W; (b) 2800 W; (c) 2600 W; (d) 2500 W
Fig.10 Low cycle thermal fatigue test with natural cooling in the temperature—controlled mode. (a) 3000 W; (b) 2800 W;
(c) 2600 W; (d) 2500 W
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Fig.11 Low cycle thermal fatigue tests with air cooling in the temperature—controlled mode. (a) 3000 W;
(b) 2800 W; (c) 2600 W
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