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Experimental investigation on friction and wear characteristics of

brush seal bristle
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Abstract: Two brush seal friction coefficient experimental identification models were established
based on cylindrical circumferential friction, direct force measurement and indirect torque method, an
experimental device for friction and wear characteristics of brush seals was designed and built, and eight
brush seal test pieces with different structural parameters were designed and processed. The experimental
results of two kinds of friction coefficient identification models were compared and analyzed, and the
influence of structural parameters on the positive pressure of the brush bristle and rotor surface, the
influence of working conditions on the friction coefficient of the brush bristle, and the influence of
interference on the wear of the brush bristle were studied. The research results showed that the friction
coefficients of brush bristle measured by the direct force measurement method and the indirect torque

method were less different from each other, and the stability of the direct force measurement method was
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better than that of the indirect torque method. Both the static and dynamic positive pressures on the surface
of the brush seal and the rotor increased with the increase of the protection height of the baffle, decreased
with the increase of the radial length of the brush, and increased with the increase of the thickness of the
brush pack; at the same interference under the condition of measurement, the static positive pressure was
greater than the dynamic positive pressure; the positive pressure of the brush seal filament and the rotor
surface was greater in the interference loading phase than in the interference unloading phase, and the
speed increase phase was greater than the speed reduction phase, the brush filament exhibited a hysteresis
effect. The friction coefficient of the brush seal bristle decreased with the increase of the interference
between the brush bristle and the rotor, and also decreased with the increase of the rotor speed; with the
increase of the friction time, the friction coefficient decreased rapidly at the initial stage of wear, and then
kept basically stable. The wear amount of the brush bristle of the brush seal increased with the increase of
the interference between the brush bristle and the rotor. When the interference between the brush bristle

and the rotor increased from 0.3mm to 0.4mm, the wear amount of the brush bristle increased by 296.66%.
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Fig. 1 Schematic diagram of the structure of the pin-disc friction

and wear experimental device™!
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experimental piece
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surface of the brush bristle and the rotor under

different radial lengths of the bristle
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Fig. 11  Static and dynamic positive pressures on the surface
of the brush bristle and the rotor under different bristle

pack thicknesses

M 11Ca) FIE 11(b) 7] LA Y, 7E R 22 5 5% 1]
TR N B R B, ) 2 e 22 55 5
F A 5 2l A8 1E s 77 ¥ It ) & of 58 B 1 348 o v
BERC o 3% TR TR ) 22 SIS R A R
i) 22 5 B | R 2 [) P 4 0y Rk 225 J5 $i A 2 ] Y
JEE A5 ) B4 M B R, I AT BUTE T 6 i AR R I
Wi 55 it X2 ) 2 o JEE R 11 2R T HE i, i 242 5 %
TR FAS S 3h S ) BTG K
3.2.4 il 22 55 3R0HNE D0 R ROV 5 B AL
IV iy
N 9O~I&] 11 ] LUFE i, Bl A il =X % 5 il
22 [T E B R, il 22 55T R S S 3
IR S BHG R (Rl i B[R] — il 20 %% B S 5
PR Rl 22 5 5 18] 7 - 15 i 3 m 280 i Be
PR il 22 5 % 5~ & THD 1 R ) R T s B <
WHIEC B B, 3% FEEIE R T T A B
22 23 e — iz 3, (B2 T W R i 22 5
Wil 2216 | Rl 22 5 % 7 2 T ) | R 22 5 P Ak E] Y
JEE 482 3 A A A28 0 14 Rl 22 A B S ook b B 2 1
WAL BT, T 6 HI 2B B i Rl 22 5 % 7 1
WEE AR T W B B, BR il 5 0. I
H & B — il 2055 B S 0 AR AR [ 6 5T il
22 S R BRI IR THASIE RS . X
2 T T I 2 7 A B A RO, B FB
O3 il 22 4% 2 5 5 e 1 AN Bl 4 i, R 4 B T e
N 1 ) 22 55 5 5 2R B A E S R T TR IR
N A il 22 5 2 3R T RS R .
3.2.5  HETREAE BRI 22 5 i - 3R E TE R T
AP
Fl12(a) . B 12(b) F1E 12(0) 435 45 H T 24

il 22 5 %% - (8] 9 5k 0.7 mm B, A [7] 285 44 il =X

4 BSO8/5 PR B2 1.5 mm T3k

-+ BSOS AR R4 i BE 1.5 mmigit

= BSO2J5 PR IAI = B2 1.8 mm T

= BSO2/5 PR B2 1.8 mmlfie

- BSO3 /5 P4 A4 5 52,5 mm Tt
o BSO3 &5 PAHR PR-4F i 2.5 mmlfi

j SN
10 B ——

400 600 800 1000 1200 1400 1600 1800 2000
Y 39 /(r/min)
(a) A JE PH AR i B T Wil 22 57 73R 1 R

20210490-8



5 43

B WA i e S ) 22 B P 5 P S BT 5

- BSOS 2242 [+ £ 10.5 mm T3k
-a- BSO8Hill 2242 a1 4 £ 10.5 mmffaeik
= BSO4M 2242 17+ JE10.4 mmFtHid
-o- BSO4Ji] 2245 [n]4< J&10.4 mme
-+ BSOSkl 2242 M £10.3 mm T}
-o- BSO5Hill 2245 < £ 10.3 mmfiik

18

il 22 5 %% R EE JI/N

400 6(.)0 860 10.00 12.00 14.00 16.00 18.00 2000
Y& % /(r/min)
(b) ARl 2 A2 I BE TR hill 22 55 5 3R 1HI IE K )

4 BSOSH 2 AU FE 1.8 mmTtHi
- BSOSH 22 AU 1.8 mm
= BSO6K 22 SRR 1.2 mmFtik
o BSO6M 22 U EE 1.2 mm
* BSO7hil 2252 0.8 mmF |k
o BSO7hil 22 FE 0.8 mmH

il 22 555 8] 1 He /N

Q ————¢
400 600 800 1000 1200 1400 1600 1800 2000
& 8 /(r/min)

(c) AN [rl i) 22 SR J5E BE T Rl 225 5 1 2R TRIE )

B 12 BRGNS R 22 555 3R 1 IE ) 152
Fig. 12 Influence of rotor speed up and down cycle on the

positive pressure of brush bristle and rotor surface
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the rotor on the friction coefficient of the brush wire

P13 45t T il 22 5 % 7 18] - 5 o F Il 24 g
BEREGE mLmgE R . NE 13l LA, Y
5 P ORI, B A ) X% B R 22 5 5 )
T v i G O, ) X ) 22 R 4 D B R
0.339 2 Wi FE A% 2= 0.247, X E % 2 h Tl
B2 BEBUE L R E B, BARMZ S
B0 T VB G W RS K, R 22 T A7 04 3 L %
T4 K, Rl 24 55 B 1 Ak e A AR A e AR
FE 340, IF LS iR % i & A 55 IR 24
Jo, FL B U W 4 1) A0 A4 B 25 ) A JRE 4 3R TR
B R R, A I 1 I TR 0N R 2 T A 1
Foe 28 T U 28 3t 92 0 14 ) 22 B 4 DR BB T O
PR B8 0 T 2 T/

3.3.2  FE OGN 22 EEAEE R B R e 43 B

P14 25 T B 7 B ok S ) 2 B 4 DX B80S i)
EHGLE . K 14 F AT LUE Y, BEE 5 155
St X EE S N B R 0.285 32 AR 2 0.186.
X R R T A G B, BRI ] Y
i) 22 5 T~ PR 4 % THI B 25 ) TV ol e 3 4 6 11 B )i
JE, S B A ) AR SR 25 B0 %
I P ) 22 B 5 TR 50 i 5 e T R ) 386 o T 3
FEAR

0.30

0.28

0.26

0.24

i) 22 2 PR R

0221

0.20

0.18

500 1000 1500 2000
39 /(r/min)

20210490-9



e P

39 %

P 14 T R il 24 BE A R B0
Fig. 14 Influence of rotor speed on friction coefficient
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Fig. 15 Influence of friction time on friction coefficient

of brush bristle
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