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Material characteristics of mechanical seal in shaft end of

aviation kerosene pump

JIANG ]Jihai, SHEN Tong, YANG Kun,
ZHAOQO Cunran, LIANG Haijian

(School of Mechatronics Engineering .,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: In order to select the mechanical seal materials suitable for working in avia-
tion kerosene, the frictional characteristics of these materials were studied. Through the
friction-wear tester, the friction coefficients and the temperature rise of materials were ob-
tained under different working conditions and surface roughness. The microscopic wear mor-
phology was observed for three groups of typical matching materials under the atomic force
microscope (AFM). The differences between abrasive wear and adhesive wear were ana-
lyzed, and the key parameters of wears were calculated. It found that, when the conditions
were set, polytetrafluoroethylene (PTFE) was the best soft material, and the hard materials
got the best friction performance when their surface roughness equaled 0. 05. Besides, differ-
ent materials had few differences in their performance. It also found that PTFE caused the
least amount of element migration on hard surface which, in turn, caused the smallest single
abrasive grain grooves. The adhesive wear caused the migration of surface height distribution
function. In addition, the adhesive volume and average adhesive thickness were inferred by

discretization solving formula.
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Fig. 1 Structure diagram of testing machine workbench
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Fig. 3 Structure diagram of mechanical seal in
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Table 1 Main design parameters of mechanical seal in

kerosene pump
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Table 2 Transformational relation from p, to F ;
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Table 3 Materials-paired group of tribological tests

am WHE B pvl e
((MPa » m)/s) Hf[a]/s
1 HMn60-3 38CrMoAl 1,2 600
2 HMn60-3 YG15 1,2 600
3 HMn60-3 SiC 1,2 600
4 M120D 38CrMoAl 1,2,3,4,5 600
5 M120D YGI15 1,2,3,4,5 600
6 M120D SiC 1.2,3,4,5 600
7 PTFE 38CrMoAl 1,2,3,4,5 600
8 PTFE YG15 1,2,3,4,5 600
9 PTFE SiC 1,2,3,4,5 600
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Fig.5 Surface morphology after the friction between
HMn60-3 and hard materials
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M120D and hard materials

MELE 6 Ca)y, M120D (1) 32 i A 47 76 1A R 7]
DU VR R S ] M120D WiV B 47 34 3% 09 55 R 25 )
Bl EE 8 o R AL, o T R B T M120D B R
L1 VI M 5 S R EE 38CrMoAlL 2T BE P
S B S 1 B O R A5JR 9 s YG15 H 3R &2 2% il &}
] A4 ZNTE) Al SIC S BE— 20 AN I B i v R, X
SO 5 % MR IE R HIEE R .

PTFE 5480 R THIE AL ILIE 7,

WK 7(a) &8 PTFE i & 3% M 76158 J5
(R R ) )t VA A L (H A AR TLAL B2 S 48 45

(a) PTFE (b) 38CrMoAl

(¢) YG15

(d) SiC

K7 PTFE 4584 R EE #2519 32 T 31

Fig. 7 Surface morphology after the friction between

PTFE and hard materials



2192 i o= 3

AN S ¢ EHRRE

ZAL S M120D 776 22 5 1 JE I 7 F  PTFE /5%
JE 5 6 B /8T M120D, [ 48 T.00 F 52 F ik -4k
FH B TE S5 R A 5 B 5 17 T 3k A 1 2 i S0 5 )
M120 i xF 5 F a4 i 20— 20, 3K 1R 1Y 22 0%
10 147 5 A R RE 9 R A 80 i T PTFE A0k, i
SRS AR P AN 2 %t B gk B 7 A R

3.2 RHMEEZEEESN

3.2.1 FAMBHEARIR poo (T M EEEERE

BT X AR By BE 6 B 45 R . HMn60-3 A A i
TP FE AR B A A0 A R o L ST RS T
JE S AN Ay A 35 BV S SR 58 1) %5 OB L L 42
Tk Hol M120D fl PTFE 1 3k 8 b K} 1 BF 5%
ik,

TE 25~ 35 °C (R B2 N, 23 il M120D,
PTFE 5 3 Rl {78 5 4l poo (B T 0B 52 R 4L
Mg xF 2 A PRI O RIS BB 8
N BE R RBOC R A

—— M120D/38CrMoAl

0.16
—8— MI20D/YG15
—h— MI120D/SiC
—¥— PTFE/38CrMoAl

012k —— PTFE/YG15
—4— PTFE/SIC

o
0.08
0.04 |
1 1 1 1 I

py/((MPa-m)/s)

8 AW AEMBHENR poo fHF AYFEE R Bt 2
Fig. 8 Friction factor curves of paired-materials in

different p.v

1L 8 il 2k & 30, M120D 1 344 11 158 44 1
KRN 2 PTFE F1R 328 4 (9 BE 48 R 80K /D 1Y
1. 5~2.5 %, 4 AL afi b AEAS 3] T /)N 7 JBE 42 DX
PTFE 5438 B 4 7% ik S bn PEHE IR 8 1 19 °F- £t
M120D B Hi&E H .

Fe R Ok A A RHER TR peo (B R B IR T
At A3 E A9 B i AR fh il 2k

WL 9 T ith & R 0

1) Bt A E 45 06 ) R AT TR 52 o B T
(R 78 200s (3 56 R, 22 800 X 44 R
Tk B AR E

2) M XF 7 PTFE B¢ X} BE 8 77 ok 4 & 7+,
M120D 4} e % 4 il T+ B 5 8, X ok F
M120D Fi BE 45 PR 5088 /) » AT I T8/ 5

3) FikfFh PTFE H pov>3 (MPa * m)/s
B, 75 ) 55 A [) A58 A Ak e, Yo FEE 488 1) o 1 9L Pl K
)/ (1 W F S PTFE/YG15, PTFE/38CrMoAl,
PTFE/SIC. iXAR L SIC 72 poo {8 T HEATERESF . (H
T THAS B 2 BERE B B R L O S A R ] B 32
B,

3.2.2 WEAPRLER R, 0B M A8 14 5 iR

% B BN SR T MR B2 R, X IR RE AT G HE
PSR, LR K 2% 19 Tomioka %7 5% T B2
I LV A2 T B AW 25 B B 3 1T AL B % 3tk 3 14 5
M, 5 T R, =0.009,0.088,0. 17 um FYHEEE . I N
MRS BN PRAE Fe AR BE P RERY R, =0. 17 ym,

SRR B N 1 TR 2 50, X T 5 A ot 2%
BIOLIERIEE R, =0. 05 um B PERREAE , Ak
A3 BIBEE 0. 025,0. 05.,0. 1pm Y F MBS R, 15,

N S B R B B E R R R
PTFE, T ik 3 i, R AL AE B (E 3 F, poo (H T
B 5 Bl ARUGREEIE 45 K B B, 4 B BEOR FE I )
600 s RAESFR N 1 Hz R4 LA EAF 2 10 fr

-=+MI120D/38CrMoAl  -» PTFE/38CrMoAl

~-MI20D/YGI5 ~ PTFE/YGIS
~-MI120D/SiC ~ PTFE/SiC
50 sof sof
40 a0} 40}
30 & 30 2 30}
<20 < 20f <20}
10 .ﬁ 10} 10}
0f ‘ . . 0f . . . 0f 4 . . .
0 200 400 600 0 200 400 600 0 200 400 600
s i) /s i) /s i fa)/s

(a) py=1 (MPa-m)/s

(b) pv=3 (MPa-m)/s

(¢) pyv=5 (MPa-m)/s

M9 HAWEMEAR poo (6T BT H 2L
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Fig. 10  Friction factor curves of PTFE and hard materials with different surface roughnesses
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Table 4 Friction factor under surface

different roughnesses

i %ot 26 Ra R R
PTFE/38CrMoAl 0.0558  0.0524 0.0716
PTFE/YG15 0.0648  0.0524 0.0716
PTFE/SiC 0.0546  0.0564 0. 0678
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b R

S5
HMn60-3 PTFE
d/10 °m 1. 96 2.15
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