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Thermal Fatigue Life Evaluation of EB-PVD TBC Using Newly Developed
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In this study, the effect of flow rate ratio (R) and total flow rate (Q) on the surface temperature of thermal barrier coatings
(TBC) was investigated using a newly developed small-scale methane-oxygen burner rig. Subsequently, the failure mode of
electron beam physical vapor deposition (EB-PVD) TBC was examined, and the relationship between surface temperature
and coating life was established. The surface temperature of the TBC was found to be strongly dependent on both the flow
rate ratio and the ftotal flow rate. Specifically, surface temperature exhibited a proportional relationship with total flow rate,
while it showed an inverse relationship with flow rate ratio. The failure mode of the EB-PVD TBC involved a gradual
increase in delamination from the rim to the center of the coin-shaped specimen, and this failure mode was found to be
independent of surface temperature. Additionally, it was determined that the surface temperature of EB-PVD TBC has a
perfectly inverse linear relationship with coating life. This finding implies that the derived linear regression line from the
burner rig test can be directly used to predict coating life for any untested surface temperature.

Manuscript received: September 10, 2024 / Revised: October 11, 2024 / Accepted: October 21, 2024

1. M2 WA 2y 58] 52 2] (Electron Beam Physical Vapor
Deposition, EB-PVD)0] Q1 ©21[4,5], APS W42 Hb42 =54

ZFAERIe] BRIl )Gt 2% (Turbine Inlet Temperature, TIT) o]=of, EB-PVD 4] 33 7|4 gl Ego|=of 2 A&
= 9 1,350-1,500°C F=2[1.2], Edlol= 249l 2HId= 3 QITHS). @u= Al TBCY WHdS B7kshr] ¢t
o] PAZLE(F 1,000°C)E AA A2ttt 7FAEH] 71 Sl 7P dRbAQl o R, dug Alfde F2 7|29t HY
T EYo|=e] 2r7) A 2k ool HEkE 7] S, 2|27k AR U Ao AlE e e 3HH 7
Edol=ole o) W2 378 ST v ¥ Vet € 2], A=Ak fraol whet EeEA B, A 3o oA 2
#5217 (Thermal Barrier Coating, TBC) 7]&°] 2853l 9k Zte] z710] TBCY| & 2kof WA= F&= Hofshe 2ol
th. TBC= WA Q) Ak} ®fA] 4 0= 2-8-5= MCrAlY A2 Zasirh a2y 23olle Myl Ad 2 o=A TBCY
of = gy}, d Ad Aoz A8E= YSZ (Ytria FH =N AAE Sl B, O B 25 ] vt
Stabilized Ziconia) A& ] T IO FHTH3]. tfEAQ] s, dunts F3F Soll Bt ARe A AAEA 9

N

1=} LU MY S
o 32y WA= ti7] 5 8AF WA](Air Plasma Spray, APS) ] orch. 7 b= wYe 1 AlE 2AS AAstn AP

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.024.110&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

66 / January 2025

S=EESsex| M423 M1E

Substrate

100 pm

Fig. 1 Cross-section of EB-PVD TBC specimen
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Fig. 2 Illustration of burner rig system
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Fig. 4 Circuit diagram of gas flow rate control system with arduino
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Fig. 5 Circuit diagram of automatic burner moving & cooling
system with Arduino
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(a) (k) ()

Fig. 6 Variation in the flame shape for three different Q values of
(a) 12.4 LPM, (b) 18.6 LPM, and (c) 30.7 LPM, under the
same R value of 3.65

Table 1 R and Q values for three cases of flames in Fig. 6

Case  CH,(LPM) O,(LPM) R Q (LPM)
@) 2.67 9.74 3.65 124
(b) 3.99 14.57 3.65 18.6
© 6.6 24.11 3.65 307

 (b)
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Fig. 7 a) Experimental setup for flame temperature measurement, b)
temperature profiles at gun distance of 8cm, c¢) flame shape
at gun distance of 8 cm, and d) flame shape at gun distance
of 4 cm
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Fig. 8 Variation in the surface temperature during (a) heating and
(b) cooling cycle
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Table 2 Measurements of maximum surface temperature, for five
different combinations of R and Q

Max.Temp.
O

3.99 14.57 3.652 18.56 1,048

3.99 12.67 3.175 16.66 1,088

1
2
3 3.99 9.992 2.504 13.98 1,115
4
5

Case CH,(LPM)O,(LPM) R  Q(LPM)

3.99 8.850 2218 12.84 1,110
5.00 12.54 2.508 17.54 1,175

1200
..5 1000 :—
g
E 800 -~
E |
= 600 — — -
8 I CH,-3.99LPM, O 14 5TLPM (R=13.652, 0=10.56)
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n?j 400 CH,-3.99LPM, O_0.092LPM (R=2 504, 0=11.98)
r -- CH,3.89LPM, O, 8 BSOLPM (R=2 218, (=12 84)
| m—CH,500LPM, 0,12 S4LPM (R=2 508, 0=17 54)
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o 1 2 3 4 5 <] 7 a8 ] 10

Heating Time (min)

Fig. 9 Variation in the surface temperature of TBC during heating,
for five different combinations of R and Q
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Fig. 10 Photos of flame for the three different burner rig test
conditions
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Fig. 11 Representative photos for three steps in burner rig test from
the viewpoint of the lower specimen, (a) heating cycle, (b)
between heating and cooling cycle, and (c) cooling cycle
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Fig. 12 Surface temperature profiles of specimen during heating
with incremental increase of total flow rate for three
different flow rate ratio, gun distance = 4.0 cm

Surface Temperature('C)

Time {min)

Table 3 Results of maximum surface temperature measurements
based on Fig. 12, for different combinations of R and Q

R CH,(LPM) O,(LPM) Q(LPM) Max. Temp. (°C)
4.03 10.12 14.15 1175
55 5.00 12.54 17.54 1238
' 6.01 15.08 21.09 1285
7.02 17.63 24.65 1322
3.61 10.89 14.50 1080
3.0 4.34 13.17 17.52 1137
' 5.00 15.08 20.08 1172
6.01 18.01 24.02 1213
3.19 11.14 14.33 1014
35 3.82 13.68 17.61 1079
' 5.00 17.50 22.50 1129
6.01 21.06 27.07 1164
1300 1500
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Fig. 13 a) Relation between maximum surface temperature and Q
under the same R and b) relation between maximum surface
temperature and Q for three different R
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Fig. 14 The progress of specimen failure according to the number
of cycles (Casel), photos taken at (a) the second half of
heating step, (b) the first half of cooling step, and (c) the
end of cooling step
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of cycles (Case3), photos taken at the second half of heating
step, except for the farthest right
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