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Hydraulic actuators in gas turbine (GT) inlet guide vane (IGV) systems are crucial for the stable operation
of combined heat and power (CHP) plants. This study systematically investigates the internal damage and
corrosion behavior of a GT IGV hydraulic actuator recovered after long-term service in a district heating
CHP plant. The manifold block, cylinder tube, and piston were disassembled and analyzed to assess the
effects of lubricant degradation and water contamination. Visual and cross-sectional examinations revealed
localized corrosion pits, oxide accumulation, and uneven material thinning on lubricant-contacting sur-
faces, with maximum pit depths measuring 0.18 mm in the manifold block, 0.13 mm in the cylinder tube,
and 0.07 mm in the piston. The chromium plating, approximately 18 pum thick, effectively suppressed deg-
radation of the cylinder tube; however, localized coating damage led to interfacial corrosion and acceler-
ated substrate degradation. Lubricant analysis showed fluctuations in water content, particle contamination,
and PQ index, indicating a lubricant environment susceptible to hydrolysis, additive depletion, and tribo-
corrosion. These findings demonstrate that monitoring lubricant properties alone is insufficient to accu-
rately represent the evolution of internal damage and provide direct experimental evidence linking
lubricant degradation and water contamination to the internal corrosion of hydraulic actuators.

Keywords: Lubrication system, Actuator, Corrosion, Water contamination, Tribocorrosion
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LUBRICANT DEGRADATION AND CORROSION MECHANISMS IN TURBINE ACTUATOR OIL SYSTEMS
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Fig. 2. Overall appearance of the manifold block and
internal lubricant passages
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Fig. 3. Overall appearance of the cylinder and localized
degradation observed on the inner surface and lubricant
passage
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(a) pray Pistonhead\'y

Fig. 4. Overall view of the piston and localized surface degradation observed near the piston head region
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Fig. 5. Cross-sectional views showing the maximum pit depth measured in (a) the manifold block, (b) cylinder tube, and (c)
piston head after long-term operation under lubricated conditions
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Fig. 6. Surface and cross-sectional observations of coating
layer and corrosion pit of the cylinder tube
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Table 1. EDS analysis of the base materials of the manifold block, cylinder tube, and piston

Elements
Location Unit
o Si Cr Mn Ni Fe
wt% - 0.313 - 0.861 - 98.826
Manifold block
at.% - 0.621 - 0.872 - 98.507
wt% - 0.380 - 0.898 - 98.722
Cylinder tube
at.% - 0.753 - 0.909 - 98.338
wt% - 0.30 1.26 0.98 - 97.46
Piston
at.% - 0.60 1.35 0.99 - 97.07
Table 2. EDS analysis of the surface coating layer on the cylinder tube
Elements
Location Unit
(¢ Si Cr Mn Ni Fe
Coating layer of wit%o - - 100 - - -
cylinder tube at.% - - 100 - - -

Cr Kal

M Soopm ! Cr Kal

™ S0pm ! ™ 50pm

Fig. 7. SEM images and EDS elemental maps of corrosion products formed on (a) the manifold block, (b) the cylinder tube,
and (c) the piston
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Table 3. Water content, viscosity, acid number, and PQ index of the lubricating oil used in the GT IGV actuator

No. Ist 2nd 3rd 4th Sth
Water content 13.0 34.9 11.2 14.0 15.7
Viscosity 29.7 29.7 29.6 29.7 29.6
Acid number <0.02 <0.02 0.05 0.02 0.02
PQ index N/A 11 13 11 N/A

Table 4. Particle count analysis of the lubricating oil used in the GT IGV actuator

No. 1st 2nd 3rd 4th 5th
>4 um 2638 2012 161 264 8062
>6 um 928 654 70 47 1192
>14 um 63 22 11 4 63
>21 um 6 1 3 1 9

Z g 207 Belrh # = GT IGV 9Foll]
Be] 7] A= grE S &% 34 vy 9 /A
el ek el V2 AR 48E 5 e JoR

7]th

HAtel 2
B QTE aRAdUgA 49 Wl 478
st Ea 2 A Syvjstae] s
Frjol) o3 A ATt
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