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ABSTRACT: Aiming at the wear problem of brush seal ring coating and bristles in acroengine during service, the tribological

behaviors of seal friction pairs composed of commonly used NiCr-Cr,C; seal coatings and SG37A bristles were studied under
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high-speed rubbing condition. The high speed and high temperature rubbing test of seal ring coating and bristles friction pair
was carried out under different feed rates and interference conditions by using a self-developed high-speed rubbing tester.
SG37A bristles with a diameter of 0.08 mm was used for brush seal. 2 hundred bristles was placed in a 1.2 mmx1.2 mm groove,
with an angle of 45° with the horizontal, and the exposed height of bristles was 2 mm. The base material of the brush seal ring
simulating samples is GH4169 alloy, and the sealing coating on the surface is a double-layer structure. The bottom layer is made
of CoNiCrAlY, with a thickness of 0.1 mm, which is prepared by explosive spraying; the surface layer is NiCr-Cr,C; containing
BaF, and CaF,, with a thickness of 0.25 mm, which is prepared by plasma spraying. The tests were conducted on the
self-developed high-speed friction and wear tester. The bristles and coating samples were respectively installed on the
high-speed rotary table and the fixture of the feeding system. The feed speed (the radial feed rate of the coating moving to
brisltles) was set to be 0.01 mm/s, 0.05 mm/s, and 0.1 mm/s, the interference is 0.3 mm, 0.5 mm and 1.0 mm. The linear speed
of the bristles tip is 220 m/s, and the test heating temperature is 600 ‘C.The depth of abrasion marks on the surface coating of
brush seal ring was measured by contour measuring instrument. The original morphology and wear morphology of the coating
and bristles friction pair were observed by Ultra depth of field optical microscope (OM) and scanning electron microscope
(SEM), and the element composition on the wear surface was analyzed by EDS spectrometer, and the wear mechanism during
the friction process was also analyzed. The results showed that abrasive wear, adhesive wear and transfer of bristles material to
the seal coatings occur during high-speed and high-temperature rubbing between the NiCr-Cr,C; coating and SG37A bristles.
The bristles not only rub with the coating, but also have friction deformation and wear between the bristles. This is mainly due to
the high-temperature deformation and extrusion of bristles during the wear process. Due to the existence of "tailing"
phenomenon, the deformation and extrusion of bristle tips is more obvious. The increase of metal fluidity at high temperature
further promotes the formation of diamond. By analyzing the influence of different interference amount and feed rate on the
wear mark depth, it is found that both of them have an influence on the wear mark depth. With the increase of interference
amount and feed rate, the coating wear mark depth increases. Under the severe working condition of high speed and high
temperature, the bristles have significant deformation in the process of wear, and the interference amount has a greater influence
on the wear of the seal ring coating and bristles sample.
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Fig.2 bristles simulator tooling and bristles Morphology
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Serial Temperature/ Linear

.., Feed rate/ Interference/ Testing
C velocity/

number (ms 1) (um-s ™) mm time/h
1 600 220 10 0.3 0.5
2 600 220 50 0.3 0.5
3 600 220 100 0.3 0.5
4 600 220 10 0.5 0.5
5 600 220 50 0.5 0.5
6 600 220 100 0.5 0.5
7 600 220 10 1.0 0.5
8 600 220 50 1.0 0.5
9 600 220 100 1.0 0.5
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Tab.2 Coating wear scar depth and bristlesinclination
angle after the rubbing test

Interference/ Feed rate/ Wear scar Lay angle/

mm (um-s™") Coating no. depth/um °)
1-1 37 34
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1-2 24 28
1-3 39 33
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1-6 28 23
2-1 10 19
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Tab.3 Comparison of original composition and wear mark
composition of coating and bristles(No.1-4)

Samples C O F Al Ca Cr Fe Ni Ba

Original g /" 53 60 — 08 57 — 24 21
coating
Coating gg g5 — 08 07 47 14 30 15
wear scar
Original __ _ _ ,5 __ |g 37 Bal —
bristles
Bristle — 57 — 16 31 75 —
wear scar

Xt 1.0 mm, #HZEHE 100 pm/s. BT
] 0.5 h XRS50 3-5) TR )ZE FInl 22 1) 5 351 2 5
HATIES, S5 E 12 iR, 5 1-4 SR
Fb &I, WRIZMEBIREINIRTR, HR 220 BRI S
BRAE. 5 1-4 S M, Bl 22098 E R,
il 22 ARG (R 1)1 B B o U I e et g 45 o 30
MR, BN 2 KA RNEHAR, X538
R RN BRI KA O, IR R b

TR BIOBE PR IS, O G, A DX R R R,
oA R I

X S 453 1 U J2 2% T I 22 3% T 1) Ak 2 o R A T
eI Hr (3R 4), FEXT R ERIREFNR 2 EIR e
Tah A [FRE R B 2R M IR 2R, TRZ IR
K2 ) 22 448 A A B9 Al Fe, [EIEF Ni &K
. fERl 2Rk T RZNEILER, WIHER
R JEE B A e R v A T SRR A

AN TR T A & s Al il =X % B i il 2 5
2 18] 1) 1o o FEE 2 BB 0 [l R A R 5F o Derby ZEH1R
2R B B il 22 5 22 B i J2 2 R R 4 I O R AR 45
FEBFTT, SRR, N ER 2RSS A R 2 A R
BT R KA T R 22 BN JE R R RS 221
JEPRREE KT IR)Z o 22 B R B A R/ 32 L
T il 22 44 Rk 0 B SR AR BE J1 LA % Il 22 3% T TR 1% 1) 3
AL, Thakare 25U R R 23 45400 15 46 I J2
IGMSY, hl22 R H Haynes25 Sl G422, H™H
RIREAMBIRE, 458K, ML FEZ 4B
Tish . PHURESREE R | BRI RLS &, B REL



- 214 - EN TR NN

2023 43 H

b BB

E 12 3-5 SHEEEEERIESRIES 00

Fig.12 The wear morphology of No.3-5 friction pair sample: a) coating wear scar; b) bristles wear scar
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Tab.4 Comparison of original composition and wear mark
composition of coating and bristles(No.3-5)

wt.%

Element C O F Al Ca Cr Fe Ni Ba

Original

: 53 60 — 08 57 — 24 2.1
coating

Coating 9.1 07 04 45 09 34 14
wear scar

Original o -
e 42 18 32 Bal
Bristle 13 — 53 — 18 30 61 —
wear scar
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Fig.13 Morphology of worn bristles’ side: a) No.1-4 bristles; b) No.3-5 bristles
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