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Influence of Asymmetric Surface Texture on
Friction Performance of Journal Bearings

WANG Baomin NAN Yang
(School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou Gansu 730050, China)

Abstract ; In order to reveal the influence of the groove texture pattern on the friction performance of radial journal bear-
ing ,a numerical model of oil-air two—phase flow in the cavity of radial journal bearing was established based on the air—
liquid two—phase flow theory.The conventional texture was modified into an asymmetric texture with stepped inlet and out-
let, the inlet and outlet wall height ratio H was defined as asymmetric factor,the model was solved by SIMPLEC algorithm.
The influence of the asymmetrical factors on the flow field in the fluid domain of groove texture element was analyzed ,and
the influences of asymmetrical factors on tribological properties of journal bearings at different position textures and differ-
ent rotational speeds were investigated.The results show that the groove texture arrangement at the convergent wedge inlet
can effectively improve the tribological properties.The pressure on the upper wall with different H values is greater than that
of the symmetric textured condition and the non—textured condition,the reasons are the change of flow velocity, direction
and the generation of double vortices at the outlet of the textured pit respectively. With the increase of the rotating speed,
the volume fraction of oil phase in the bearing cavity decreases. When H=0. 25 ,the bearing capacity is the highest and the
friction coefficient is the minimum.Therefore , it is of great significance to study the asymmetrical surface texture for impro-
ving the lubrication effect of radial sliding bearings.

Keywords:; journal bearing ; grooved texture ; asymmetric factors ; bearing capacity ;friction coefficient
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Table 1 ~ Structural parameters of the journal bearing

L HAE d,/mm 40.08
AL d,/ mm 40
7R YL B/mm 40
AHXTIEIBR % 8/ % 0.2
TELF o/ () 50
Lo e/ mm 0.024
TR & 0.6
F/NHAEERE A /mm 0.016
TR EE b, /mm 0.064

1 A shioRE R

Fig. 1  Structure of journal bearing
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Fig. 2 Schematic of fluid domain expansion
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Fig. 3 Schematic of fluid domain and mesh model
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Table 2 Material parameters of oil and air
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Abstract: The groove fillet of O-ring seal is beneficial to the installation of the O-ring and the retaining ring, which
can prevent the O-ring or retaining ring from being scratched by the sharp edge to affect the reliability of the seal.The
groove fillet radius also has a great influence on the sealing performance of the O-ring.Taking the fillet radius of groove
edge as a variable,a two—dimensional axisymmetric model of O-ring seal structure with and without retaining ring was es-
tablished by using the finite element analysis software.The sealing performance of O-ring under static seal and dynamic
seal under 35 MPa medium pressure was analyzed.The von Mises stress,contact pressure and extrusion of O-ring and re-
taining ring with different radius were compared.The results show that the O—ring seal with retaining ring can meet the
sealing requirements under the action of 35 MPa medium pressure,and the combined use of retaining ring and O-ring can
effectively reduce the influence of groove fillet radius on O-ring sealing performance.The stress at the extrusion position in-

creases with the increase of the fillet radius of the groove edge.The larger the fillet radius of the groove edge,the greater the
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stress increase at the extrusion point.Therefore ,when it comes to dynamic seal ,in order to ensure that the O-ring and retai-

ning ring are not scratched by groove edges and that the retaining ring is subject to small stress at the extrusion point, the

fillet radius of groove edge should not be too large.The conclusion can be used as a reference for the design of O-ring seal-

ing groove with retaining ring.

Keywords: O—ring ; retaining ring;fillet of groove edge ;static seal ;dynamic seal ;sealing performance
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Contact stress nephogram of O-ring with and without
retaining ring under different groove fillet radius; (a)
radius is 0. 1 mm, with retaining ring; (b) radius is
0.1 mm, without retaining ring; (c) radius is 0.2
mm, with retaining ring; (d) radius is 0.2 mm,
without retaining ring; (e) radius is 0. 3 mm, with
retaining ring; (f) radius is 0.3 mm, without
retaining ring; (g) radius is 0. 4 mm, with retaining
ring; (h) radius is 0. 4 mm, without retaining ring;
(i) radius is 0.5 mm, with retaining ring; (j)

radius is 0. 5 mm, without retaining ring



12

S

54T 8

K6 O JERHE Ml g5 A 19 F AR 2 1B B DG &R
Fig. 6 The relationship between the contact stress of O-ring

and the fillet radius of groove edge

O TP RISl Bt The, FLHzE M AL i R gy WA 2R
T2 w90 i Jy, #efbny 2 A5 & O B B % Bk
RERY— D ZARFR " K 6 AT LIE H BRA |
ORI 2 il 000 2 vy g Bt Y R R B 1 e AR AR Ak
Mgk, EHAE KT BT 35 MPa, frLAGEIA
P EBCR, H 2 FEOLT AN IAHZEIFAKR, A
PHERIE, BR TREARMR(E Y 0.3 mm I, A VA AL 5]
bi X e by N 7S (AN T3 N WA N ) I SV
INEIIEBEAR /N . TCEY IR, HARBIR B FIAEAR /N, BT
PLUSAOR BLRS IR A O I8 B8 FH BE AT S0 AR UE L %% &
PERERIRRE , (1 FL BT 2 T8 R e (B £ > A2 1Y) 5 il o4 301 B
%, HYARE R 5 A AR AN BEERAS R K, 75 W25 B AIK
RN Ty, (i B RE A TSR PERRAR, LRI A R
M O JE R (R 2% BHPERE, (HAC 2] T REAKTA RS b B £ X O
TE VB 52 i B 1 3 55 RUAE ARG I g 4G R
“HPEBA T 0BRSS b, B EEHMNE 0 F
B mEAE RS, PR R GE 0 TEIE 2 T,
PR B S R TSR MR MR, VAR AR B Ao
XA TCPIR 2 R OO T Wi 2 /N, R
2 i 0 T ABRE T L 2 B R SRl S X Y A b 2
B AU,

3.2 BIRG B EH o

PIAER TR O JE R S5y R A 2 B )

PR B A AR, DA A Y8 R b [ AR AR X O I

MR N, F BB, HPIR BT 2

2252 BT R I AR BRI, A T RS PR A
SRR B A AR Z R, SO S TRy
W5 1R R AR A A AR TE ANt 7 s o i
TR 2R M 0. 1 mm A8 4L F] 0.5 mm B P43 B
BRSNS

Bl 7 AR R AR RN R R E L AR 28 (mm)
Fig. 7 Extrusion deformation nephogram of the retaining ring under
different groove fillet radius (mm): (a) radius is 0. | mm;
(b) radius is 0.2 mm; (c¢) radius is 0.3 mm;

(d) radius is 0.4 mm; (e) radius is 0. 5 mm

R 7 R, A BIPEEREE N R I A
fif A Z A1 6 AR B AN 1E] 8 Fi

P8 RUFRET R SRR M AR
Fig. 8 The relationship between the extruding

height of retaining ring and radius

MIE 8 Al AR Y, $HERAGET I v B
VAR A Ff AR RO 3G R TTE OR, HLAEEARTE 0.1~
0.3 mm ZFIFHHEE SR MR AMCR, PR



2022 55 2 4

AR — A ARV R B A AR AP R A O JE R B B 2 ) 13

0.3~0.5 mm Z[AIPYFREE Y & BE AR R BE AR, 242
M 0.1 mm BEINF 0.5 mm, BFH = RN T I 224%
4 AEAEEEAFET O KEHZHSH

AT IEE 4 A0tk K, 140
b NWIIR RS, 3B A B BB T 0 B S i
RZ AP e, 5 = A0 B 20y g 9 B b A
HEOL L FE 5 US43 B A0 R Bl 9 o AR 7 i
Fi o HTAFHE TR ) BY SRR R A R AR
EIRYOCHR , SCrpatk—20 o3 1 A )V Al e 1 £ 2 428
PRI TE R A B B AL B SR SC &R,
9 fs .

Fo R RVAREE: B f 10 T R
B AR 1V 7 5 R ] ) 5 2R
Fig. 9 The relationship between stress and time in the
extrusion of retaining ring under different

fillet radius of groove edge

E 9 T LA, 75 1~2 s BT BN, 0 B
A2 B4 BRI IVE T, PR BT H Ak 07 ) A 3
HENEREE W, 7 2~3 s BIRHRIBEN, ETIARGEN T
R, B R, N SBReRn, REREAE—E
{H; 7€3~4 s WEFEEL, MERRAT R, W)k
10 07 N2 | RS s T3 27t N U AN b4 N I 28 = X A
gEOR . B VAR R A AR G R, B AR A
P RAGESE, FEEAE N 0.1 mm A7 H AL R 7 f%
/N, PR 0.5 mm BFER, HAE0.1~0.3 mm [12F
RAMEIEEI P, ) AR fR iR BE# /N, 7E 0.3~0.5
mm BN, BB, fE2~3 s B A B
M, K von Mises W J7 N4 4 0.3 mm AT AY 11.3
MPa HE 424 0.5 mm BF Y 26. 62 MPa, H41E ik
] 135. 6%,

LAV L 2 FHEMEE, EW LR 5% SR,
FER B F A2 N 0.3 mm 2L F] 0.5 mm B, Bl
FEWGIN T 64.2% , N 134N T 135.6%, P LATEH &
O JE T FIPS IR A R b R T4 T, (A5 P

Priab 2 B0 & /N0 T, AT T R b T A AR A N
0.1~0.3 mm Z ],
5 it

(1) d@Egx; o A, IS 2 FE8L T
A RTT M, &I 0 BTG, H
Z BNBRA BRI, O TE 8 2 Vg ke I3 f 2 4%
SRR, P RLSERR e R A B A, F Bl
PR T

(2) 135 MPa /it SR AEHITS, A7, JoHi3F 2
MO0 T #Y O JE J8l %5 B #R AE 1k 21 8 B 25K, 4 ik iz
HNRTABES, H O BB Y ) A2 1,
HHARAR IR BB/, R, $HIREAR 252 m 0 JE &l
HOREEMERERRTSE T, SRR 1 RR AR 5] f 242
PONOBIA b A DR (S IE R 3 I VAVARO RIAL -k S 3
TEAHUR,

(3) e KB\ Sh@Emy, FE B [ A2
USSR, B b g B A R B e B, HoR e
0. 1~0.3 mm BRI A, B2 FIET H R B2 Y
AARIRBER /N, MAE 0.3~0.5 mm JEFEIP, Bl T
BERAIN 64. 2% , BiJIHEN T 135. 6% , LA IR BE(H Y
BOR . FTLATES 2 O T2 18RI PR Bl v 1 3 1 1Y)
BT, SRS b2 BB/ Ty, B EEs
W EARRK A, MR R AR E N 0.1~0.3
mm 2 [H] ,

S 3k
[1] B, TR, 8%, 5.0 RN A P48 o % 3 1 A IR
JEA T LI ] AURUE BRM R 224 ( B AR L2018, 33
(2):82-85.
DUAN M K, WANG K S, HUANG X G, et al. Finite element
analysis of the dynamic sealing characteristics for O—ring with
retainer ring[ J ].Journal of Beijing Information Science & Tech-
nology University,2018,33(2) :82-85.
BN, E2E.0 B 18 3 % B R 00 A BRIT 0BT [ ] ALARAL 27
HHR 2015,34(3) :386-392.
MO L, WANG ].Finite element analysis of the dynamic sealing

[2

[}

characteristics for O-ring[ J].Mechanical Science and Technol-
ogy for Aerospace Engineering,2015,34(3) :386-392.

[3] BBNIT, /N, REPRNE , 45, O B 1B 2% Y A 150 £ e 4 ) 2
HHPERERYZ IR [ )] RSB 534, 2016,36(3) :72-75.
WEI L J,HAN X X, XIONG Q H, et al.The effect of O-ring
seal groove fillet radius on the sealing performance| J].Hydrau-
lics Pneumatics & Seals,2016,36(3) .72-75.

[4] QIAO L N,KELLER C,ZENCKER U, et al.Three—dimensional
finite element analysis of O—ring metal seals considering varying
material properties and different seal diameters[ J].International
Journal of Pressure Vessels and Piping,2019,176:103953.

[5] Gegtte IR, O TEAR R % F B e 44 B 2 0 By S5 4
fil & I3 A BRIT M [ ) 5% £, 2009, 34(5) :65-68.



14 3

54T &

RAO J H,LU Z P.Finite element analysis of stress and contact
pressure of rubber O—sealing ring with back—up ring[ J ].Lubri-
cation Engineering,2009,34(5) .65-68.
[6] VFits, 8 RA, IS O T8 % S5 V8 Ve M JFC £ X % S Pk e 1) 52
M [ 3] BOURHE RS2 4, 2019,42(4) £ 284-289.
XU H,ZENG L C,ZHAN C C.Influence of O-ring groove bot-
tom angle on sealing performance[ J|.Journal of Wuhan Univer-
sity of Science and Technology,2019,42(4) :284-289.
WA, B  TRBRR, S R R T O TEAR B % £ 1 1
A IRITAHT[ ] BE5S3),2010(1) :67-70.
SHANG F C,RAO J H,SHEN Q F et al.Finite element analysis
of rubber O—ring under ultra—high pressure[ J]. Chinese Hy-
draulics & Pneumatics,2010( 1) :67-70.
LIANG B L, YANG X, WANG Z L, et al.Influence of random-
ness in rubber materials parameters on the reliability of rubber
O-ring seal[ J].Materials,2019,12(9) :1566.
(9] BEEEL, 20, IR AR IR & TEIREL T O T8 % 3t JBl 2% & 1k
HESPHT[J] ML T ,2019,36(2) :131-135.
FAN Z M, LI L, WANG Q L.Sealing performance analysis of O—
ring seals in deep sea and high pressure environment|[ J].Journal
of Mechanical & Electrical Engineering,2019,36(2) :131-135.
[10] WINDSLOW R J, BUSFIELD J J C. Viscoelastic modeling of
extrusion damage in elastomer seals[ J ].Soft Materials, 2019,

17(3) :228-240.

[7

[}

[8

[}

[11] QU J,CHEN G,YANG Y W.Finite element analysis of rubber
sealing ring resilience behavior [ J |. Advanced Materials Re-
search,2013,705.410-414.

[12] XME, FRIRZE S | 45 0 A ZE G AR e A PR i
AT ] BB R A S R R ,2019,54(5) 100~ 103.
LIU K,CHENG L J,DAI K, et al.Simulation analysis of rubber
sealing element of leak—free plunger cylinder[ J].China Metal-
forming Equipment & Manufacturing Technology, 2019, 54
(5) :100-103.

[13] FEEW]RME = IR TR X O TEAR i 25 4 Bl 4 L e 1Y
SN[ S, 2019,44(6) 1 17-24.

KANG ] M,SONG P Y.Effect of seal groove shape on sealing
performance of rubber sealing O —ring[ J]. Lubrication Engi-
neering,2019,44(6) ;17-24.

[14] #8558, B0, 8520 7, 55 A B 518 14 O TE % 1 el

BRICIMT[J] AT T 5 ,2009,38(4) :43-45

JIE L,ZHANG Q X,CAI J N, et al.Finite element analysis of

O-rting with single side gasket [ J . Petro — Chemical Equip-

ment,2009,38(4) .:43-45.

BB SR XL S R EREE KT AR R AR

(5T )] 5 5 E,2020,45(2) :56-60.

CAO S H,GUO C,LIU Z, et al.Numerical analysis of underwa-

ter glider sealing structure in deep sea environment| J ].Lubri-

cation Engineering,2020,45(2) :56-60.

[15

s

U5 S L) 0 S U PR T e 8
DA ok i g 07 ZRMKRE REDRA Tl A%~ H bridb R

BRI TP BME Bk | B RIS R e T R SRR SR K AT 2, S REIRAT AL R A B IR AR
X" HAR T, AT R SR AE LSBT PR, LSBT EOR | BN O B A e ek (T RS R SR TE A BT BE

REIINE], < BRI bR g B S BRI R 1) R E AR . S F AR CIMIAT S A AL, RICRIETF IR <2021 Bk
IRUERR R RZR LRI R, 1T T E IR B T Be P (2 AR S, B A X S BEASE ORI R 5 (51 47 9 B9E S 7 A1
IR B, fedt BRIk BRI BRI B R

FeEEH X" HirCa—FAR, 2021 4FLCK, —RIIARTB X" His B WL BRI &, X84

R BB AT T ARG S H, EBZ AT OGRS A R U Bk I A T RN T AR A4

By ®H

Wl I T el i XU FAR, R ARRE R HERCT H AR 5T, BETR A anfar RIVE A0 RLRERRAR, BEAR

FETHAFEAR B AT e B B R —TH L5

—HLIK, BREARIE PR AT ISR R RCTE ) O ML, SRR AR TSR I I SUR IR R 5 Sk, ARG
2013 A5 Y REDR 2 SR RIS 5 4, IR T 2016 AFHEH T BIVERY SR8y RE Tl T 3 il REALINAK” | Bly Aol 7 5
PR 00T B I A AT RE AL M A T RERICR . 2021 4R, RRM SO EAT ST T AW T, FE PR, BRI
ARIFALBONHTINS W i) P IUIBEG PR A I 08 7 i R Gl e 55 S50, 390 i 309 (8 s A P — AR T A kT 28, e
H R ICILia B By, @ oy aeihih . Ll i I a5 AT R i, Y Bl S BURE IR B Uik &R, B o v [ g

Borlb e X" H s RSBl e A i

PR v 1Y BE Db 2T U i TR — R S K, RCRR RGP S I iSRRI LB B 2013 4, B TXb i 2
AR, WU RIS 25 JLAR [ 58 o 2O BE R Tl Wi M 7 R N A3 R SRS U TT T — R B B 1F, 2016 4Rk,
By R PR T R SRR 1 S RO RE Tk il BERCAI " o 33— T i A AL ) QB AR X 5 7 B0 i ik
PR REARLE MR LS TOU T R RERICR . RR PR ASR @IENTRE T R, HRTC2RIT T 20 ZHRERCANIE,

2 TR,

WEURAFHER 19 SHC AR BT 157 i &5, il — RS il e I e se v DA O B e, i b, ek, &
4% Wylas ATk Al P R BERE I BBl A5 Qe HE L . TR S TR, PIRARS™ S By T 14k, i B SE R

B A 2 R s pU g fr, A AR MR R



2022 4F 2 J] MEN SR Feb. 2022
FaTHFE 2 LUBRICATION ENGINEERING Vol. 47 No. 2

DOI: 10.3969/j. issn. 0254-0150. 2022. 02. 003
SCERSIA : SK—I%  WRIE, XISZME 2 3% T 22 51 001 2508 #5277 5503k 10 3 11 H5UE SURRAE D 52 [ 0 ] 0 55 %6 6, 2022, 47
(2):15-21.
Cite as:ZHANG Yibing, CHEN Cong, LIU Lipeng, et al.Study of surface wear modes characteristics based on multifractal detrended fluctua-
tion analysis algorithm[ J ].Lubrication Engineering,2022,47(2) :15-21.

ETZENHREZERRISMEZNREERTE X FIERAR"

sk—E' BE OB XM W I
(1. B TREHLE TR WAL 4300705 2. H 4RI HIA R BIRTHRIN 412000
3. M E TR%ENM S RS TR VLR S 330000)

W TR Y SO S AR 0 A BB e, LIS TR) 280 Y R U B 6 1 2 R BUE
IR MCAWTFEXT G, I LSTM— 1 Y451 26 2 35 0 ik A SRRt e S I D42 75 2 X s 408 2 T 2 S50 A 7 500 R 4 g i
SRR, 2 B E B H S ML (MF-DFA) TSGR T w05 S OB R 1R %, IR il 2 Hrizds
B RIIE B R SCRRIE Z [0 B 5C 28, A F2 A 2 Bk SR IO TR0 2 FBOE AR E, 985 R T K-means 3R
. SCRRAL (SVM) I BP MZRIZETTIE, 2 S0 B IR IE S RO T 7028, LA ] 23 S 45 U0 405 R 1) 1
R, BIRECREI] . T SO RHE BT T X B0 R AL AR A MU SO A FE b, A1 o pIL &3 > AR X 3% 1hT
JEARE SR 732

KR RIEJEH; MF-DFA; BESUERRHE; | SR HTRs 8 kv

HESES: THIT

-

-

-

-

Study of Surface Wear Modes Characteristics Based on Multifractal
Detrended Fluctuation Analysis Algorithm

ZHANG Yibing' CHEN Cong' LIU Lipeng® HU Rui’
(1. School of Mechanical and Electrical Engineering, Wuhan University of Technology, Wuhan Hubei 430070, China;
2. CRRC Zhuzhou Electric Co.,Ltd.,Zhuzhou Hunan 412000, China;
3. School of Mechanical and Electrical Engineering, Nanchang Institute of Technology,Nanchang Jiangxi 330000, China)

Abstract ; In order to identify the wear modes of the surface and study the tribological characteristics of the part surface,
the surface of the two wear modes of abrasive wear and adhesive wear under different loads was studied.The wear surface
topography data collection and filtering process were carried out by applying the LSTM~1 wear surface topography measur-
ing instrument and robust Gaussian filtering method ,the multifractal detrended fluctuation analysis algorithm (MF-DFA)
was used to calculate the wear surface generalized Hurst exponents of the high frequency information.By analyzing the rela-
tionship between the exponents and surface topography wear texture features, the features used to identify the two wear
modes were extracted by using principal component analysis.K—means clustering and support vector machine (SVM) and
BP neural network methods were used to classify the extracted feature parameters, and the accuracy of the recognition
results of different classifiers were compared.The research results show that the generalized Hurst exponents can be used to
distinguish the texture features of furrows and pits on worn surfaces, which can be used as a machine learning feature to
identify and classify surface wear modes.

Keywords:; surface morphology ; MF—DFA ; wear modes characteristics ; generalized Hurst exponents ; machine learning

* BEWME.: ERAKRPEEEHE (51765044)
WKimBER . 2021-01-12; fEEIAHA: 2021-03-04
EE®: K1 (1963—), 5, Wid, migER, WDy m g B 3ie M ] . E-mail: yibzhang@ qq. com,
BEMEE BRI (1996—), J, LA, SF5005 10 o0 BEHAA R K Tl . E-mail: 911050473@ qq. com,



16

S

547 &

JEE YR T A0 L 4 S e T MU SR B B 4t . % 5
B AR IEAT A, AT B B8 48 3R TR A 2 5 i B2 42
RIPERE, fE—E B TAEMIR N, TAHEL, AXTHzE
SRR A EEE ST R, SR AS TR B
T e 8 42 5 0 2 T s JS AN TR RS2 M), 5 i JBE 442350
PR PERE AN PR, T A0 Bt e 8 458 s 458 4 T 1) S
OB & R BRI A R R A E EEE
SRR R T S BT AR R A pE ALY
N T8 BEE A fff ol e REURS 22 1T #2 fok | BEAER . PSR
VB I A 7 TR AR 2% i, A R A BRI R G ALk
PEAT R X B G B 05 50 T R A G R RE 2
I, RS RIAVEE S TS RENERE, HFRIE
Re I HA —E BRI, MIE IS AE R RAE_ R
fipke 7 RO RR I B 8t (HA0 BB W R — 4B IR
RESE AR R MR AE Y, £ F I8 AE R AE )7 1 ke
o T Hrp— | (15 22 54 REAS B 4 1 P A
RER ML 2 EIMEM I O, RS A
K 2 A 0 T B s RAE T AL BB R
T P 50 4 A1 R 3 T 1) 80 B B — 1k, WANG Z5°% 3
W E I LA Tk (MF-DFA) 20T
Y R SRR T T A2 . ILAbEAT
— B A B AR S S T 2 AP
AhER, WNEEERAES | IRSNE 5 LA R HE SOk
TR EBURAS S M7E 5 B 2= A O R R T
SO I, 22 T R RS U X R P e
BRI, LA ROR) R PG A B vk 6 B b1 I 1) 4% T 23 B
AT AT, H T ERUR AL B AL R — 4E I S A 1 i
o, R LS e R, IR A
FEI ) R R DE S8, P e ik i £ s b 3
oM 5 X B R e A TR, AT AR RS 1 v A
P, HH R T B 65 2% 1w 2R A BUE X 2 (8] Sk
M RFIEAIF 5 SR D

PR T B U X O6T B 4 3% T 1 S0 PRI AT R 1Y
SN, R R e T A SO BRARE B R AL 5T, A A
T s 2 1 ) BE FUE AT R . AR SCHE S (R AF
il ) LSTM -1 7Y s 4 3 1 J2 55 I i (SR A 1 AN [ 48 Ay
THIEE | BERL 2 MPEEE R R A, SR AR
Wil 5 vk B OCH AL B URR A B B A B
PR MF-DFA 7533187 Xk 4E (Hurst) 15
¥, 4rHr) X Hurst 885 BRUEZ B X R, 4
T T SRR E B RAE S B —) X Hurst 48
B, B 3R B 6T X Hurst 38 5042 0T
PR 2 FEIE R RIE S8, FTHLER % 035,
FHOMHT AR A3 O MR R

1 ZEHEEILE MF-DFA &%
.1 2&E5HE®

2 ¥ 30 T 20 W ) SR A T B AR S A L R AR
B, B — A2 EASE RS (@) ~a, H
o JEAT SRR AL, AT MUE L ¢ BIME, S Hr R Y
IBHRAEA R LT Y5-I REE, #E T i R AR B
FMHEAHLESE B 5 2. Z2E I8 sl g brr ik
(MF-DFA) 7EAbH R A & B PR B 0y A 2R 4
RO, REAE 0 R 2 R SR PN R
P, SCPE S R EE U B R i MF-DFA 43
BB SRR, SEBOH T AL > iR BB fiE
K AYFHE
1.2 MF-DFA #i%

EX oI P Sk N5 Ban i R YO £ kb &I b
Br (DFA) Jrikfiekit, nTHTo0rBA ZH Y
PEAETRUT A AR R A S EAIbR AN M SO R A
SCHR[ 14 ] 25 HU 09 — 4k MF-DFA 5%, F1H MatLab %
1 A SIS 4B 2 T T 30 B8 1) — 4 MF-DFA 3%
BB RNT .

(1) FREEHEIEE MXNEEX (i, j),
Hri=1, 2, -, M, j=1,2, -, N, K THER
BRI S ERIEMEME, B X (0, ) P
NG EAEAE S % VT, PR R R A R M XN,
(M= [M/s], N= [N/s], [] fF53Fmm T )
AR s WAREZ B Pk, B0 a1 e
FHACHN X, HPX, (i, )= X(v+, w), 1<i,
J<s,v=(m-1)s, w=(n-1)s,

(2) MEERFIR X, (i, j) BBk, KM
A= (1) Fios

G, (i,)=2 > X, .(I,5,) (1)

Hib1<i, j<s,

(3) FIHEN — R 4B 6, 10
Fagh . SCHEEGE (2) FTR AU B2 00 2 BRI AT
A

G, (i.j) =ai*+b P+cij+ditej+f (2)

Hrp1<i, j<s, a. b, c. d. e. fRHGFESH,
CIPSN % et 37 TR Re e T

(4) #rgREMHEl, MIAHX (1) 55X (2) 2
2, TR (3) R =M.

e, .(i,)=G, (i,)~-G, (i,) (3)
(5) HFBX, . (i, ) 0% HREE L
mF,



2022 455 2 sfk—IedE, T ZEH B LR s B R 2 B R XERE R 17
Flmn = S S e (i) " Sy T A5 B B 5 RN B 2 B 45 2 o LR B 4B 5
T et Emnt b WIS, ST T 2 R 630 ¥ 7 i AT i 0

g B bl R K i s sl (5), X (6)
JioR

e

n=1n=

1/q
[FKrn,n,S)]”} g # 0
1
(5)
Mg Ng

1
F(s)= eXp{ﬂZﬂ ;ln [F(m,n,s)] } ,q=0
(6)

(6) It R SFRREE s BOME, #iE Haaksh
BRECF, (s) Fls ZIRIBRHCR, W LITGHE)

F,(s) oc g0 (7)

Hr s 78 [6, min(M, N)/47 X a3t B Py O
B (7) TSR X Harst 3650 h(qg) , 2 g=2 i}
M S Hurst $8 80 h(g=2), BV kiR (Hurst) 45
B, M TH— g, 1 MF-DFA HEERK L (¢)
MEZHE L HEIC BB B 7 (q) Z HAFA7ER

7(q)=qh(q)-D;=qh(q) -2 (8)

Hop D J& W T 4E5L

LR, HIERT ORI T A, SOk
q=-10~10, BUEL KA 1, 221 ANHUE,
2 ERiXHFNEREERE
2.1 BHRAERE

ZROCER[ 121 iR 50 3K, 7E XP -2 AU B 45
PEBHRIOHL LA T -G, Hrp B SR R R
3590, RN H ¢58 mmx 8 mm, 451k KE (19 6 B R
CrI2MoV, NFR/IME ¢4 mm, K2 $10 mm, K 26
mm, A BEEIRERT R /IR B R 2 R ) 2R T R
FE R, 4354 0.78~0. 85 wm F10.41~0. 46 pum, 7EAH]
oA S5 T ILHEAT T 6 2R Bt I RN 26 5 B g 2 g
POER AR, BRI S E 0 1 s,

X1 REITRSEHEE

Table 1 Parameters setting of test conditions

JEE 5t G W lgendE

. T
B fif p/N o/(m-s™") t/min !
40
K 0.2 mL
%*j 80 0.42 60 o
JEE 5 TRAh
120
40
&
B 80 0.42 60 el
A "
120

(1) BERES: RABTELE N 1 10 894 K
BRI A R S AT T o, 3 e X A
FER WA BB BUESURRE, (2) BREER. X
PR A I 2, OB AR AL T 3 S IR
A, FEIXB R B T R R, R AR T A
B N ITAS B35 3 B BT

2 T AR AT B A B 5 A
B AN B LU 2 T =) 0 A

R2 AEHETTERBRNGEERREEME
Table 2 Surface micrographs of abrasive wear and

adhesive wear under different loads

i p/N PRSI 45 R I
40
80
120

2.2 BREABMHHEERE

K PRI Y LSTM — 1 75 J 45 2 1w 1B S50 ) 4 4
Xof R I 6 R T B S R A T O o R R A TR
UE B4 3¢ TR SR A SR O BE ALY, e A1l
R BRI T BENL R 4 10 4R i s E . BULR
SRR 1.2 mm’ BIE TR X3, H A5 31 ) 6
FIEG A BE P 0 2R THE S BRAE A &5 30 4, JPHE R 4E
SN BAEAEA IS S2 0 B BURRAE 20 BT S LR 2 > 1R
il g L e
3 EREAIFMESHT

P TR R ] 14 S 0 2 i T 30 5 v A 1 3 T R RS
B SO RIR R 2SR R T I A T I 2 A
JUFTI IR R 22 A 52, o7 FH & (gt s 0m e e s 2 1o 2 3
rh AL BE SRR ) e A1 B B IR S T B 4 3R 1T Y
MF-DFA #5% .



18

S

54T &

N ME-DFA J7 3555 850407 ok 40 N 33 iR 14 J5 46
ST SR HEAT A0 BT+ 8 A 2 A 25 S 1 1 ] 2
i, FE 1 PR R T SR AL ¢ (T 2
BRI F () 5 R RREE s 100U S B
el 2 s e ik 8T (q) BRI g OGRS
TAF g ME, F, (s)5 s MBAXBEERR, UL
ﬂ@%%?q%&@ﬁﬁ,%&MﬂMA%ﬂﬁ%
SRR AT 2 BRI Y IR | R 2
g ﬁ?ﬁﬂ%ﬁ%%ﬁﬁ%¢mm%huﬂﬁ£
S 2 A

LRI g (R SR B 3 F (o)
Fig. 1 The detrended fluctuation function F (s)

for different values of ¢

2 ()5 ¢ WRFR
Fig.2 The relation of 7(¢) and ¢

3.1 B RAFAES S L Hurst 388547

M 2L RSl 3h sRALF (s) FURE AR BE s AT
Y Hurst #8850 h (g) Z W BA R (7) Fimm KR,
F(s) e BT 4R 7 B8 458 2 36 T B
197 X Hurst 4550, HRIT X Hurst 5505 5 45 2% 1A
SOMEREZ MR, 23 Bl T e R E I I AE 5

PR SRR 1, IO (] - A2 5] A 7 2 0 4 1y 10 4
RITEHL, R 3 P IXIRGS 19— LR
o EREEE, WRATHE, 7ERinlE ERAE RN
RFPEAGURI R 26 3 S 0 X ) SR TR AT 3L Hurst
TEE-I 8 g W7 AR 2 s XU 5 2~ 5 il DL
BHES R ARG G 40 0 2 AR BHRRE B3 R R
AT JE B AT S Hurst 18 80 - B £ ¢ #9728 ol 26,
Hp X5 5 A i iR P 3 0 106 LA 3 4
R ELURE R A B B0 SR 0 BRI BT Sy 2 T
2T

N 3 2% DX el o i X 7 450 X A 2 T B

BT LU, X T EORHE R SR i, R i AL P S B
FREW ., B9 P HoA W R S g, 2 W R

VE AR R T EL A ) Tk A I SO BRI, X TR E
R, R AMAE NN GGG, 25 E
P4 2 AT Ty ) PR 55 0 SOEURRAE L T B ) A
FEE A FEX 2 b s 458 2% T SRR AE % R DX 38 4
51 DUEERHE ST 09 [ — A & B 2 AT
JERSUE R ) SC Hurst 8 80t &40 nl LR 1, %6
BN X Hurst 38 BUBE B 58 g 09728 £k i 2653 1
FIERER M IMEZ Iy FFEEXEHRS 2~4 1,
XFFANF AR 1A 2 AP U 8 L Hurst (i
SUAS5XE S 1 M BA, BT X Hurst
8 HIOGT 28 25 S i R Rk B 4 1) T [ 1k S PR RRAE B
BURE, MEXIR GRS 5 o, SRR A
AL R EIE A, T X Hurst i4kiE 7 &
G, ULBHTT S Hurst $8 07E 0 K0 AH 0L $5 2% 1f 50 3
FEAE A BB AT S8 B A — 8 B A RUE

AT Bk FIA R R — B, X 40, 80, 120 N
A AT S Hurst S8 8O I B A AE L HEAT 1 4
B, A0S 3] 10 4IRS SR 10 4B B ) X
Hurst F8 8 26704, WE 3 i, alAl, AKR[HE
JESUE A X Hurst F8 80 & Z R I 55K 3
AT SR AR R A X R R DL A AT T DAAR
'~ X Hurst 15 BURENS FAF 76 25 1 e} I 453 35 1l 14) S0 B
FRIE, BRI S Hurst 48 800 B R 0B | B
W BT S S B URRIE B B BERE S, X
BERTRETT SC Hurst 38 B0/E 80515 2 s 351 T X A9
FFIE



2022 4F55 2 fk—I%A . T2 LB AR FR P SRS 19

R3 2HMEREXNRERIFERE X Hurst 35518 &

Table 3 Surface topography of two wear modes and its generalized Hurst exponents curves
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Fig. 3 Variation of the mean value of each group of generalized Hurst exponents for two

wear modes under different loads: (a) 40 N; (b) 80 N; (¢) 120 N
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Table 4  Optimal parameters and recognition

results of each classifiers
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Fig. 4 Classification diagram of wear modes of K—means
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Fig. 5 Classification diagram of wear modes of SVM
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Study on Steady State Performance of Gas—Liquid Two—-Phase Fluid
Dynamic Pressure Seal in Spiral Groove of Cylinder

DING Xuexing LIU Hong WANG Shipeng YAN Rugi XU Jie
(College of Petrochemical Engineering,Lanzhou University of Technology, Lanzhou Gansu 730050, China)

Abstract: In order to reveal the dynamic pressure sealing performance of the cylinder fluid under the complex two—
phase lubrication formed by lubricating oil and pressurized airflow in the bearing chamber of an aeroengine ,based on the
two—phase flow mixture model ,the steady—state performance of gas—liquid two—phase cylindrical spiral groove fluid dy-
namic pressure seal was studied,and the effects of operating parameters and structural parameters on the dynamic pressure
seal performance were analyzed.The results show that under the same working conditions , the gas—liquid two—phase cylin-
der fluid dynamic pressure seal has a good dynamic pressure effect.The increase of rotating speed , pressure difference and
liquid—gas ratio is beneficial to the improvement of the open force of the cylinder fluid dynamic pressure seal,while the
open force decreases with the increase of spiral angle and groove depth,and increases first and then tends to be stable with
the increase of groove number.The leakage rate increases with the increase of pressure difference and rotating speed, in-
creases first and then tends to be stable with the increase of spiral angle,increases gradually with the increase of groove
depth,and decreases gradually with the increase of groove number.

Keywords: cylinder seal ;spiral groove of cylinder;gas—liquid two phase;liquid—gas ratio ; Mixture mode
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Fig. 1 Simplified geometric model of cylinder seal
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Table 1 Spiral groove structure parameters
Symbol Structure parameter Value
R Outer radius of shaft sleeve 29.2 mm
L Axial length of fluid film 10 mm
h Film thickness 15 pm
& Eccentricity ratio 0.7
h, Groove depth 12 pm
a Spiral angle 30°
N, Groove number 16
B Groove width ratio 1:1
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Fig. 3 Grid independence verification
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Fig. 5  Validation of flow field simulation
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Table 2 Working conditions
Parameter Value
Inlet pressure p,/MPa 0~1
Outlet pressure p,/MPa 0.101 325
Rotate speed n,/(r + min™") 20 000~30 000
Liquid—gas ratio 0 0.1/0.2
Temperature7/K 300

R3 BHARMESH

Table 3 Physical properties of sealing medium

Parameter Air 0il

Density p/ (kg + m™) 1.225 840

Kinetic /(107 Pa - s) 1.789 4 48.4

Specific ¢,/ (J - kg™ + K™) 1 006.43 1757
Heat conductivity coefficient

o 0.00242  0.14
A/(Wem> «K")
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Study on Structure and Bearing Characteristics of Air
Bearing with Active Control Slit Throttling

LUO Qiang'* YU Puliang"*

HU Hui'?

JIANG Qing'? XIAN Xiaodong'?

(1. Key Laboratory of Metallurgical Equipment and Control Technology , Hubei Key Laboratory of Mechanical

Transmission and Manufacturing Engineering, The State Key Laboratory of Refractories and Metallurgy,

Wuhan University of Science and Technology , Wuhan Hubei 430081 , China ;2. Precision Manufacturing
Institute , Wuhan University of Science and Technology , Wuhan Hubei 430081, China)

Abstract; In order to realize the active control of the bearing capacity of the air bearing, an active control slit throttling

air bearing was designed,which can adjust the bearing capacity of air bearing by adjusting the throttle area of the slot.The

CFD model of air bearing was established ,and the influence of the air supply pressure,radial slit height and air film thick-

ness on the bearing capacity of air bearing was studied by using dynamic mesh technology.The results show that the dynam-

ic adjustment of bearing capacity can be realized by actively adjusting the restrictor area of the slit.Increasing the restrictor

area of the slit can increase the range of bearing capacity,and increasing the air supply pressure,radial slit height and air

film thickness can improve the static bearing capacity of the air bearing.The designed active slit control structure can real-

ize the dynamic adjustment of the bearing performance of the air bearing, which lays a theoretical foundation for the appli-

cation and development of the active control of the air bearing in the future.

Keywords:slit throttling;loading capacity ; throttling area; dynamic grid;active control ;air bearing
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Table 1  Main structural parameters of air bearing
A 2
S SKEAE D, /mm 100
FNELEH G H,/mm 2
FHAREE AR s B AR D,/ mm 40
TRAFHILAG /N = B H,/ mm 4.01
FEBLFD/N E 4% D,/ N
AL I = H,/ mm 4
s T eI D,/ mm 2.04
TR REE B H, / um 4~10
SHERE H/ pm 10~25
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Fig. 8 The influence of supply pressure and motion amplitude on bearing capacity: (a) p,=0.6 MPa;
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Finite Element Analysis of Frictional Noise for
Air-conditioning Rotor Compressor

SONG Fangtao CHEN Guangxiong SONG Qifeng YANG Bulei
( Tribology Research Institute , Southwest Jiaotong University , Chengdu Sichuan 610031, China)

Abstract: In order to explore the generation mechanism of friction noise of air—conditioning rotor compressor,a method
to predict the frictional noise of the air—conditioning compressor by using finite element method was proposed.The modal
analysis of the finite element model of air—conditioning rotor compressor friction system was performed by complex eigen-
value analysis method , the natural frequency of the friction system and the change characteristics of the corresponding mode
shape were obtained ,and the frequency that may cause frictional noise was inferred.The calculated results of the finite ele-
ment model are in good agreement with the measured data,which verifies the effectiveness of the prediction method.The re-
sults show that the introduction of friction in the crankshaft and flange friction system may cause modal coupling of the sys-
tem, resulting in unstable vibration and noise.The changes in friction coefficient and flange elastic modulus have a signifi-
cant impact on the formation of frictional noise.Increasing the critical friction coefficient of the friction system can improve
the stability of the friction system to a certain extent. When the elastic modulus of the flange is higher, the friction system is
more likely to produce friction noise.

Keywords: friction coefficient ;frictional noise ; complex eigenvalue analysis ;rotor compressor
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Fig. 1  Rotor compressor model diagram
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Fig.2  Working principle of rotor compressor
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Fig. 3 Finite element model of friction system: (a) mesh of
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of finite element model
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Table 1 Material parameters of friction pair
‘ ) R p/ PR [
HBA 24 (kg - m™) £/GPa HEL/NEA
Hh %t 7 190 163 0.3
% 7 300 130 0.3
YRET 7 850 200 0.3
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Fig. 5 Unstable vibration characteristic of

friction system when u=0. 3

Fig. 6  Unstable vibration characteristic

of friction system when u=0.4
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Fig.7 PSD analysis results of vibration acceleration of

measuring points: (a) ©=0.3; (b) n=0.4
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Fig. 8 The unstable mode shape of the friction system at
different friction coefficient: (a) f=7 200 Hz
(n=0.3); (b) f=8550 Hz (u=0.4)
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Fig. 9 The influence of friction coefficient on the

real part of the 13th mode eigenvalue
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Fig. 10 The influence of friction coefficient on the
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Fig. 12 Variation of the absolute value of the equivalent damping

ratio with the elastic modulus of the flange
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Study on Thermal Deformation of Two-way Connected Groove

ZHAO Wenkai WANG Jingang
(School of Mechanical Engineering,Xi’an Shiyou University , Xi’an Shaanxi 710065, China)

Abstract : Traditional spiral groove type can not meet the sealing requirements of reverse operation of rotating equip-
ment.Aimed at this problem, according to the structural characteristics of the two—way groove type mechanical seal ,a two—
way connected groove type was proposed.By establishing a thermal —fluid—solid coupling model ,the heat transfer boundary
conditions were determined ,and the geometric model was unidirectionally coupled with ANSYS Workbench to discuss the
thermal deformation law of the sealing ring under the action of speed and pressure.The results show that the leakage of the
two—way connected groove is smaller than that of the spiral groove,and the two—way connected groove has a two—way seal-
ing structure , which can effectively prevent the leakage of the sealing medium when the equipment rotates in the reverse
direction.The maximum thermal deformation of the seal ring is located in the seal dam area,and the groove area has the
smallest thermal deformation.The axial thermal deformation of the seal ring decreases step by step from top to bottom, indi-
cating that the main stress area is located in the end faces of dynamic and static sealing rings during the operation of the
mechanical seal. With the increase of rotating speed and pressure, the total deformation of dynamic and static sealing rings
increases , but the increase of total deformation of static ring is greater than that of dynamic ring.The speed is the main rea-
son that affects the temperature change of the sealing ring.

Keywords: mechanical seal ;thermal fluid—solid coupling;sealing ring;thermal deformation
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Fig. 1  Thermo—{luid—solid coupling structure
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Fig. 2 Liquid film model
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Fig. 4 Thermal—fluid-solid coupling structure grid
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Table 1  Grid independence test of fluid film

RRSF d/mm B2 FEJi F /N
0.6 267 758 558.4
0.55 355 821 561.5
0.5 514 737 569.7
0.45 731 402 571
0.4 1 007 769 572.3
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Fig. 5 Heat transfer model of sealing ring
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P SHE R AR RE, B IR RIR B T
IR A, HAPR S ENER 2 Fis . % HH0E
K, YIRS 300 K, WIS BN 3 s,

x2 THIAMBMESH

Table 2 Physical parameters of sealing ring materials

2 A (BRALRE)  #F (Bk 1 28)
R p/ (kg + m™) 3150 1810
SMAEBE/(W-m™" -K") 150 45
e e/ () - kg™ - K™) 710 880
MK RE B/ (10° C¢™) 4.3 6.2
AR E/GPa 380 25
NEL/NE4 0.27 0.26

®3 EHBEWESE (300 K)
Table 3 Physical parameters of sealing liquid

ZH Bl

I p/ (kg » m™) 998.2
SHEKE/ (W -m™ - K 0.6
A ¢/ (] - kg - K™) 4182
Wk R B/C! 0.002 89

FhE v/ (Pa - s) 0.001 003
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Fig. 6  Pressure cloud diagram of fluid film of

two—way connected groove
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Fig. 7  Spiral groove fluid film pressure cloud diagram
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Fig. 8 Leakage curves of different groove types with speed

Pl O Jr s DAy AN [ R0 iy e 2 s ek B 2 i A2
ek, FIT, RO BERE MBE R T 1 Jm, 2 Rl R
AT F2 R L T 0N B A e s R A e



48 HEREEST o2

54T &

TR R B TR HE K, Y e MU IA E] 4 000 1/min
IF, 2 Fefl 2 g ik e RO By ) B T, ] 3 S A
W T B R 3 B S50, YR S e, AL
A 3 Hb B 1 %2 A o A T U

PO A [ 25 s e i kP 3 2 7 £ h 2
Fig. 9 Variation curves of leakage of different grooves

with speed in reverse rotation
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Fig. 10 Fluid film temperature distribution
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Fig. 11 Temperature field distribution of dynamic and static

sealing rings: (a) moving ring; (b) static ring
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Fig. 12 Temperature distribution of the sealing ring

under different speeds and pressures
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Fig. 13 Thermal deformation distribution of dynamic and static

sealing rings: (a) moving ring; (b) static ring
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Fig. 14  Total deformation of the seal ring under variable speed
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Fig. 15 Total deformation of the seal ring under variable pressure
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Effect of Copper—coated Graphite Content on Friction and
Wear Properties of Cu—Mn-Al Composites

PENG Chengzhang ZUO Si

(Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment,

Hunan University of Science and Technology , Xiangtan Hunan 411201, China)

Abstract ; In order to improve the sintering properties of Cu—Mn—Al alloy and its friction and wear properties under dry
friction , copper coated graphite was added into Cu—=Mn~—Al alloy as self—lubricating phase ,and Cu—Mn—Al/copper coated
graphite composites were prepared by plasma sintering technology.The effects of copper coated graphite content on the den-
sity and hardness of composites were analyzed ,and the friction and wear properties of different composites under dry fric-
tion and oil lubrication were discussed.The results show that compared with the sintering method in vacuum and hydrogen
reduction atmosphere , plasma sintered Cu—Mn—Al/copper coated graphite composites have higher density and hardness,
and its hardness decreases with the increase of copper coated graphite content.Under condition of dry friction and load low-
er than 20 N, the composites with copper coated graphite mass fraction from 6% to 8% have better antifriction and wear re-
sistance ,which can be used as self-lubricating material under dry friction conditions.Under condition of oil lubrication, the
bearing capacity of the composites is greatly improved ,but when the load is large, the antifriction wear resistance and bear-
ing capacity of the composite are slightly lower than that of Cu—Mn-Al alloy.

Keywords: Cu—Mn—Al alloy ; composite material ;microhardness ;friction and wear property
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Table 1 The density and microhardness of composites
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Fig. 1 The change curves of dry sliding friction coefficient of composite with

time under different load: (a) 10 N; (b) 20 N; (c¢) 30 N
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Fig. 2 Morphologies for worn surfaces of the composites under dry sliding friction: (a) sample 1#;
(b) sample 2#; (c) sample 3#; (d) sample 4#; (e) sample 5#
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Fig. 3 The wear rate of the composites under dry

sliding friction and different load
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Fig. 4 The change curves of friction coefficient with time for composites under oil

lubrication and different load: (a) 20 N; (b) 40 N; (c¢) 60 N
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Fig. 5 Morphologies for worn surfaces of the composites under oil lubrication; (a) sample 1#;
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Influence of Gas Liquid Two Phase on Ultrasonic Testing
Accuracy of Mechanical Seal Lubrication Film

LIU Chaofeng' JIA Qian*® ZHENG Yubo® DONG Xinyi* WANG Janlei
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Abstract; The thickness of the lubricating film formed between the moving ring and the static ring of the mechanical
seal is an important evaluation index for its stable operation.In order to realize the non—contact detection of the lubricating
film thickness,according to the characteristics of the mechanical seal lubricating film, an ultrasonic testing model of the
contact mechanical seal lubricating film was constructed ,and the calculation formula of the lubricating film thickness was
deduced.It is pointed out that the mechanical seal of the turbo pump will produce two—phase flow during the operation , and
the two—phase problem of the sealing medium must be considered in order to accurately measure the thickness of the lubri-
cating film.A mixed factor of intermediate variables was introduced , and the relationship between mixed factor and the den-
sity of the sealing lubrication medium was obtained through experiments,and the mechanical seal lubrication medium den-

sity under gas—liquid two—phase lubrication was characterized.The thickness of lubrication film of mechanical seal under
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two—phase lubrication was measured by ultrasonic method,the calculated values of lubricant film thickness with and with-

out two phases were compared and analyzed.The results show that when the degree of gasification is not high, the calculated

value of lubricant film thickness with two phases is closer to the real value,and with the increase of the degree of gasifica-

tion, the accuracy of ultrasonic detection is reduced.It is necessary to consider comprehensively the change of the parame-

ters such as the acceleration and the acoustic impedance.

Keywords: mechanical seal ;two phase lubrication jultrasonic ;lubricating film
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Fig. 4  Ultrasonic testing system of lubricating film thickness
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conditions , the microstructure ,phase and hardness of GCrl5 high—carbon bearing steel and G20CrNi2Mo carburizing bear-
ing steel were analyzed by the scanning electron microscope (SEM) ,X-ray diffraction ( XRD) and hardness tester, etc.
The friction and wear properties of high temperature lubrication of the bearing steels under different conditions were studied
by QG-700 friction and wear tester,and the wear mechanism was analyzed.The results show that the microstructures of the
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Abstract: In order to investigate the friction and wear performance of bearing steels under high temperature lubrication
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increase of load and friction speed under high temperature lubrication. The average friction coefficient of GCrl5 bearing

steel decreases with the increase of load and friction speed, while the average friction coefficient of G20CrNi2Mo bearing

steel decreases with the increase of load, but changes little with the increase of friction speed.The wear resistance of

G20CrNi2Mo carburized bearing steel is generally better than that of GCr15 high carbon bearing steel , it is because that the

carburized bearing steel has high hardness and has the carburized layer with tempering stability. The wear mechanisms of

two kinds of bearing steels under high temperature lubrication conditions are abrasive wear and oxidation wear.

Keywords: bearing steel ; high temperature ; lubrication ; friction and wear properties
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Xof JEE 62 R 401 1k RS R B, S 40 [ R EFE £ A 400
r/min, BUEE M0 30, 40, 50 N, 4% ik
X AR EE SR PR RERE IR B, S 6 [ R 2R 30 N,
WU I 43 ) Sl 200 300, 400 /min, 2k R 4y
WM 0.29, 0.44 . 0.59 m/s, FERPEESLHIHEAT 3 K
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Bran m AT
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w:ZTrR ‘n -t

KA 0 FEWR, mg/m; Am N EHHTE B
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SRR, v/ming ¢ HEEERTE], min
2 XWHER5HMH
2.1 VLI LR BAER E 5T

1 FTR R GCrl5 =l & 8 A1 G20CiNi2Mo &
Rl R AN IO ZH 20 S XRD 30 bras B, I 1 (a)
ALHL, GCrl5 4N i SO 4 40 32 20 By QAR I

& AL R R AR BRI A, s A K0
AHIE BB S FEEAS, IE 1 (b) WA,
G20CrNi2Mo 2 Akt AR 4K A9 IO 2 2 3 22 B i 5 IR
i BRI AR A CAR AL, H GCrl15 mifwih
HRER PR A 1Y) N RSH E8 T G20CrNi2Mo 78 5k
7N

B ORF SRR RO 21U XRD 4387145
Fig. 1  Microstructure of different bearing steels and XRD analysis results; (a) GCrl5 bearing steel; (b) G20CrNi2Mo bearing steel

X GCrl5 iR 5% F G20CrNi2Mo 12 Bk % 7K 4K
22200 BE AT I, GCrl5 e Bl 7 4 it 2 J2 i )3
274 60. 6 HRC; G20CrNi2Mo 75 Bl 7K 5 1 22 /2 i JiF
2574 61.8 HRC,, A UL, ey e il 74K £ 119 = T s 3 gs {1
TR KNG RZEE, 2k, XEHRT
G20CrNi2Mo Bl R N 2L B kAL H 5, HERZ A
LR R I AR IR B R b AT = A, C R
REZEETFRES, Gt BT8R T i b s acst
R AR, FHFRZ BT,

2.2 R BE¥Rk BT BEREAR ST

Kl 2 firn GCrl5 (= kBl R 8 il G20CiNi2Mo &
T Tl AR A (361 52 2 17 A 300 N R AN ) B 48 ok J3E S 1 g%
RS R, SRR, SR &M, GCrls
TR B A AR AT G20CrNi2Mo 5 ik il 78 A9 1) JE8 404 R [ 25
JEE 4 B A BN G K, HL GCrl5 1o B S 7R A9 114 J
5 =5 T G20CrNi2Mo 75 flk fill 759 1) B 4 %, X
T G20CrNi2Mo 50 2 1H A 5 e AR B, B85 T

FERTR A, (R8s Al 7R B B0 2 T2 J2= o [ 9 e
KL, HERI Mo LR 5 C LR R ML B
BAedy, flHAE IR A T RS AGR RO RS E ,
PEPERF

K2 NIRRT R A (F=30 N)
Fig. 2 Wear rate of bearing steels at different speeds ( F=30 N)
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K3 (a) I3 (b) FiRs51h GCrlS =k 4
HRBAT G20CrNi2Mo 78 Rkl 7R A% 78 AN [v] JBE 488 8 1% °F £
FEER AT ZE R R 1A T 2 Rl 8976 A [a] EE
T R B, B3 (a) ATRLAE
GCr15 =y b R A 1) JEE 8 DRV BSC I AR X Bk, 1Y
FEE 482 IR 530 I 255 B 0 (Y 388 T i A T AR . X Pl T
JEE B RE BTN, PEAE R AT R BT, TR I T

Bt 2, TR R 1 1 B b ph G AR BE AR Sy — Ak
EfEE, PERENECH — 2 R RRAG, (AR, B e
BIBER, BEARRIR IS IE REALE)Z, (AR R A
R, mE 3 (b) ATLIFEH, G20CNi2Mo Bk
B PR A [ JEE 0 P T ) R DR AR 22 7 T SRR S
WK, BJalE TR E, HEEEE Lk sh i /N H
I PR 48 3 AR AL AR K

Pl 3 R AIFE AN B S B R I EE RN O 2 (F=30 N)
Fig. 3 Friction coefficient curves of bearing steels at different speeds (F=30 N) ;
(a) GCrl5 bearing steel; (b) G20CrNi2Mo bearing steel

R 1 HRNERREEZREETHFY
BEEEH (F=30N)
Table 1  Average friction coefficient of bearing steels

at different speeds ( F=30 N)
ANIF R AR R S

R
0.29 m/s 0.44 m/s 0.59 m/s
GCrlS 0.157 0.147 0.146
G20C1Ni2Mo 0.154 0.146 0.153

4 Jr sk 28 8 22 R 30 N B GCrlS 1= ik Gl
HRAIFN G20CrNi2Mo ¥ il 7K 4K A AN [ B8 42 5 B T 1)
JEE SR IS 45 H ., I 4 (a) ATLIEH, B
HEEN 0.29 m/s B, GCr15 il & 4K % 1 AL 14 91 55 1]
B, BREBURTHE; W4 (b)), (¢) PR, M
JEE JE R P IR 0. 44 F110.59 m/s I, IRAERTHR T
FEEBERL B4, FLBS P 3¢ 10 HH B T 170 22 B S0 8 ol
MYT, GCrl15 %7K X 5 i1 2% 1 AE 3% 43 B 45 2R 4o &
4 (g) i, W GCrl5 BITE R T AR A7 7E I 1 41
fREE , ArHTIN, BRI B RN, iR 2

it B ITHIERDE AL G R B ORI, APk
FERRIR TR, AR et Re ik, AR R AR
FREEIUMIR] 3R] S Bop e 181 55 7 A JRR a5 0 i A 1M
Ft, MK 4 (d) ATRIE W, MEEEEE N 0.29
m/s Bf, G20CrNi2Mo 2 filic il 7K 5 1) 2 T 5 0 5 2 ol
ATLE BB AIIRE; R 4 (e) i, P
B EERAINF 0. 44 m/s B, A BRI BLHIE I
HABESE I, K 4 (f) B, MEEHHEE R 0.59
m/s B, BUEIE I o E L, AR, X G20CiNi2Mo
MRS B R T HE A TREIG BT, R ISR R A B
EAMES, MK 4 (h) PR, S0 TE IR S
T, B RN ARG R, A RS A
FUH AR SR B R T 3 R, BRI
() P e e s i), B E, XT LG GCrl5 ik
H1 G20CrNi2Mo 78k 4 N [) J28 482 35 i T (1% JBs 08 53,
KIL GCrl5 Hhi AR 18 FE 5t L G20CrNi2Mo 78 filc il 7k
B EAR L, X —EE R 5 E 2 2 Rl R B A S R
S5 N
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4 BhREITE 30 N 27T Mo A ) FEAZ S BE T WU S SUR S0 R RE TS 25
Fig. 4 Worn morphology of bearing steels at load of 30 N and different speeds: (a) GCrl5 bearing steel at 0. 29 m/s; (b) GCrl5
bearing steel at 0.44 m/s; (c¢) GCrl5 bearing steel at 0. 59 m/s; (d) G20CrNi2Mo at 0.29 m/s; (e) G20CrNi2Mo
at 0.44 m/s; (f) G20CrNi2Mo at 0. 59 m/s; (g) 1 area energy spectrum; (h) 2 area energy spectrum

2.3 AR EAM T BEHEBED R

&l 5 F7R R GCrl5 =l & 8 Al G20CiNi2Mo
T R A AL BE 2 B 0. 59 m/s AR 2 far T A g
PR, ATLIEH, GCrl5 ik 4l 7&K 89 F G20CrNi2Mo
B AR A %) B SRR B A e P i kg, AR
AN far N GCrlS R BB B B R B A T
G20CrNi2Mo B il KA . X 2 K0 Bl 2 25 far A 385 K,
AR TR ARAZ B A R T35S, AR B I R0
A BT, T G20CNi2Mo 5k fib AR 4R 1 T 3 25
T GCr15 HARM I, 53 G20CNi2Mo 1 filk il 7k
A R TS PP AR B W R T GCrl S R, X R A
BHATAE K, MR R B A E SR, AR
HY SR R BE RS R, [FIRY, B G20CiNi2Mo 2 fik
WA AN B RE BE B T GCrls gl RGN Y RE BE L S 3K
G20CrNi2Mo 2 i Jll 7K 5K 1 i 5 1 4 A | ME g s 1
GCr15 AR

K6 (a) FEI6 (b) 4rilZiih 1T GCr15 i ffh
AT G20CrNi2Mo Bt il A SN 7R BEHEE UM 0. 59 m/s
KSR AT T B BRI A, 3 2 451 T Sl AR AN 7E A TR
i TR EER R, B 6 thaT LIE Y, 2 AR

B B4 DR SIS it 5 A7 F) 1 I e A1 3 v T K
PRI, PESERI Z [0 B JE 0 RS, AT AR GEAE T
Pt 18], (e BESE I PR B IR 2 SR AN
BOHWE, B R P IR A Bl b 5T, &
BB RO s BEAR 2T BN, R R 3 T AT
WA R 1 T 552, A7 T JFG v B T IS o OB T O
TR R PR 5 2 v, o8 A 8 e R v ol R ) 7 A
FE OB B — B, R BRI B

B5  RFEIA R ER R (0=0.59 m/s)
Fig. 5 Wear rate of bearing steels under

different loads (v=0.59 m/s)
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W55 . GCrl5 B G20CrNi2Mo %l 40 g i v 1 2514 BEHE S i M B 67

6 HARMTEAE A T A EEEBIZ (v=0.59 m/s)
Fig. 6 Friction coefficient curves of bearing steels under different loads (v=0.59 m/s) :

(a) GCrl5 bearing steel; (b) G20CrNi2Mo bearing steel

®2 HRKRERE BT TR FEHEER
E# (v=0.59 m/s)
Table 2 Average friction coefficient of bearing steels

under different loads (»=0.59 m/s)

B RIFRHT T T BB /..,
A
30 N 40 N 50 N
GCrl5 0.146 0.143 0.133
G20CrNi2Mo 0.153 0.134 0.117

7 FRh GCrl15 bl AR SN AT G20CeNi2Mo 245k
IR AR R E ] 0. 59 m/s Mo ARl 36 R i BE IR
B, HET (a) — (¢) ATLLAEW, MEEHE—F
B, B T ARG, R 2 I A B RS AR,
iR 50 N BHREER AL BRI 2, Bl ™

i, DR T Y BRI, EERRR
AL HON IR H 2, AN IEAZ T3/ XY
WEIRVE/IN, R B s AR, ELA Il A 77
fE, SRS T Z BVE R A5 . M 8im A8 KR,
el o™ 0 2 H 3 22 M B A BRI N, 4
J@ 2T KA A BB SRR N, BN R, EE
ERmESE S E, E 7 (d) — (f) ATHEH, 4
AR 30 N B, G20CrNi2Mo 35 B fill 2% B4 47 76 W i 1)
VAL B AL ;. Y30 40 N B, BEHESR 1AM
FUVRIRGIIG 22 . Y3l 50 N I, FEfEE 1hi f) AL vy o
Z B, X GCrlS Sk G20CrNi2Mo B k4N
AT T EBIES, ﬁﬂcm&mmmﬁ%%ﬁ%
FMEM L CCr15 MM, X —45 R 5K 512
Tl 2 R P S 3R 5 SR A X

Bl 7 R TERE SR 0. 59 m/s MORIFI AT BT 5
Fig. 7 Worn morphology of bearing steels at speed of 0. 59 m/s and different loads: (a) GCrl5 bearing steel at 30 N; (b) GCrl5 bearing

steel at 40 N ;

(¢) GCrl5 bearing steel at 50 N; (d) G20CrNi2Mo at 30 N; (e) G20CrNi2Mo at 40 N; (f) G20CrNi2Mo at 50 N
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Effect of Load and Speed on Tribological Properties
of HDPE Multiple Composites

ZHOU Zhuo LONG Chunguang MIN Jianxin LI Shuai
(Institute of Lightweight New Materials,Changsha University of Science and Technology ,Changsha Hunan 410004, China)

Abstract: In order to improve the mechanical properties,self—lubrication and wear resistance of high density polyethy-
lene (HDPE) ,HDPE composite was prepared by filling potassium hexatitanate whisker ( PTW ) , polytetrafluoroethylene
(PTFE) and talc powder with HDPE as matrix.The friction coefficient and wear rate of the composite under different loads
and speeds were tested on MMW -1 friction and wear tester.The wear morphology of the composite was analyzed by scan-
ning electron microscope (SEM) ,and the friction and wear characteristics of HDPE composite were discussed.The results
show that the load has a significant effect on the friction coefficient and wear rate of HDPE composite. When the load in-
creases , the friction coefficient of HDPE composite decreases,and the wear rate increases.The friction coefficient and wear
rate of the material increase first and then decrease with the increase of the speed at high load.The addition of PTW increa-
ses the surface hardness of the HDPE composite and can effectively prevent the adhesion between the composite and the
rubbing pair.At low speed or light load ,the wear mechanism of the HDPE composite is furrow wear and fatigue wear. When
the load or speed increases,adhesion wear begins to occur,and plastic flow will occur when the load or speed increases fur-
ther.The plastic flow caused by high temperature fills in the micro cracks on the friction surface, prevents the expansion of
fatigue cracks and plays the role of lubrication, which can reduce the friction coefficient, decrease the wear rate at high
speed and low load,while increase the wear rate at high load and low speed.

Keywords: HDPE composite material ; tribological property ;fatigue wear ; plastic flow
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PAE TR A 1/3~ 172 BYRERH TN #E T B8 5 5
FEr, DA B S B 8, R
MORHEEE R RE M N R AR 2, AR | 153
PREE | R RICRESE, LRI EE M R
AR TH T YRR A L2 fh S &0 il it ik
AR | B RN AR R SR, WS TR e
HRMPRHEE 2 Re M, R I T EE AN 55 T,
S A EERE B e ) S 3, TV KRR R, 2
o SR EE PR DB E B R N R, A SRS SR TR
[F) 28 4m7 o) 7K ¥ v 2T A R B TR AL, & B RHAE
A T A I B P RE S B A N LAy AN
A S A i X SR [ AR A Rk A Ak e R AT
9%, KRR B G I, B A A R T
JEME AL, BERACR RN G, A
A TIRESE T Ekonol/G/MoS,/PEEK & 4 b1 k£ A [l
Bl AT T BRI AT T B IR, AR
AR ) R DS S 3l far TG, S 38 my 34 bR i
PEREAR, BEAUALE] B 26 B e A8 B R s s 5%
HTFE, AR EE 4 D R DL IR R 2 S K e
/NG K AR 3, BETHLT i R E B AR
P ST RS, U T 300 v/min I K AR BRI, W]
UL A AR R A [R] T 00 T #0547 A [) 0 138 482 5 41 R
WFFE X LE KA AT LA AR S PR FH BRI E e 5 2%

RHEER O (HDPE) J&—RhAR o i 8 1
PR, RN EAT LS SR, TPy, it ks
FE, B TN BN ARRREE DL, Bz B H T4 F
G, AR E R I AT T B AR S, DAY
RIERE GRS ik —2 3% HDPE (i 25 4 |
F R 2R RE, AR SCER BT A IREI4] L) HDPE
REAA, I PTW (FSERFRETAAN) HsmE S0kt
B 12 ERE, B SN E AR R R DU R (PTFE)
UEEE SRR ERE, WA ak (TP) 34
SRELRAYZE ik Re, 4 T —FPHDPE/PTW/PTFE/ TP
BAEFEL, AT %9 HDPE/PTW/PTFE/TP & 44
BHEAR TOUF BB, #E MMW -1 70 JB8 452 %
I X5 A AR A [ 28407 R T 1 JEE o
PEREFEAT IR AMESE, FHAR B SEM 43 B H B HE 3
TRV T AR BE AL
1 REFBE A&

1.1 XEEHA

REH R K 68 HDPE/PTW/PTFE/TP & &
AE, DR AR — 2 B FR IS 205 ok R T v
BORSHIASAE & RIS ACR S . R TR 4
180, 200, 210 C, {FHHHESIM 60 MPa, LA 10
s, MBLEAEUGH AR S & T 50 C TR A 2 h,

1.2 BEBEHRE

JEE 52 IR ADTIU B0 7E MMW — 1 0% 955 B8 42 B 454 12X 6 L
E5ERL, XHEE A 65 mm AEA, BT AR 45 4K,
fifi 3 A 45~ 50HRC; 33UFE R SR 630 mmx3 mm [ #5R
HER, MESHEWEL,

x1 MRSH

Table 1 Material parameters
R 45 HDPE & &4k
R p/ (g em”) 7.85 1.13
A E/GPa 210 1.1
A 0.3 0.4

WIS HIK U 400, 600, 1000 HEPAERHARESR
WA TS, ARG QWA WOE TR e+, 6 4%
faf 4 100~400 N, 55334 200 ~350 r/min, IGHFE] Ky
2h, REEZRAET, WEHE 6 HEE R 0.01
mg [ FRPFRE AL, BRI A w HITTHEALA
TEREITES R, ARG AMT, #1175 45
BOFRIME, R 5e s, (A BB S HUE 5,
LB, X5 S8 A AR 2,

x2 RBRINSBPRER

Table 2 Experimental parameters and results

S e T n/ JE1% JERR w/
p/N (r-min™") SR (mm’ - m™)
100 200 0.24 0.76
100 250 0.25 1.24
100 300 0.262 1.46
100 350 0.265 1.01
200 200 0.221 2.09
200 250 0.256 2.55
200 300 0.254 3.66
200 350 0.235 1.77
300 200 0.197 3.7
300 250 0.237 6.24
300 300 0.224 4.43
300 350 0.186 3.5
400 200 0.188 5.16
400 250 0.21 8.42
400 300 0.183 7.24
400 350 0.175 13.42

2 REHERSITR
2.1 BAFAsER BB RN YR

1B LABEAT | e o I AR i B A R I
Bopfeash, BT (a) R, oy O EE 35 9 2K
RELE /N B He, X RO 2 1 R B R IR
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T 24 5% R /NI, 28 ar Xt R4 DR R 52 i/ )
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100 N B2 22, WiAE 200, 300, 400 N i EE 45
R RSN, F B s R, ik i B 7E (IR 4K
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AR Ak 2 il E R DB B ARk

L5 RTIR i e R R A A AT o FEE A DR BB M K
K, FERBEET, B BT (B 45 3% il 4
Fh, MO T EEERIRAS, MG R EEE R B AR AL

Bl 1 HDPE 5G4 RHEA 5] e RS ST 1 R 448 R
Fig. 1 Friction coefficient of HDPE composites under different

load and speed: (a) effect of load; (b) effect of speed

2.2 BATAedbik F BEHE G YR

2 P s LA | B O R I0 AR B R B B R
Asfp et ATLAE Y, 7E 350 t/min, 400 N A9
A T BRI ZAAL, & TS
IEAPEHIR R PV A, BYUISREE TR, A5 IE S
JEHE 3

€2 HDPE & FORHEA R S0 ARG T B A
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Fig. 3 Wear trace morphology of samples under load of 200 N
and different speeds: (a) 200 r/min (500x); (b) 200
r/min ( 2 000x); (c¢) 250 r/min (500x); (d) 300 r/min
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Effects of Nickel Plated Graphite Magnetic Nanoparticles Applied
to ZL.109 Aluminum Alloy Microarc Oxidation Reaction
Process and Wear—-resisting Performance

HUI Jie' SUN Changfei' MA Chunsheng’
(1. Department of Marine Electrical and Intelligent Engineering, Jiangsu Maritime Vocational and
Technical College,Nanjing Jiangsu 211170, China ;2.Department of Marine Engineering,
Dalian Maritime University, Dalian Liaoning 116026, China)

Abstract: In order to further explore the control mechanism of the basic characteristics such as surface morphology and
porosity of micro—arc oxidation ceramic layers in the process of micro—arc oxidation reaction, magnetic particles, namely
Ni—coated graphite magnetic nanoparticles, were innovatively introduced into micro—arc oxidation electrolyte.The influence
of the new magnetic additive particles on the micro—arc oxidation reaction process and the wear resistance of the film was
investigated.The micro—arc oxidation reaction process was analyzed from the surface morphology, cross—section morpholo-
gy, porosity , average pore size, thickness, surface roughness, reaction energy consumption and phase composition of the
film,and the wear resistance of the film was analyzed by using reciprocating friction and wear testing machine.The results
show that through forming the concentration gradient and improving the conductivity of electrolyte, the nickel - coated

graphite magnetic nanoparticles have a great influence on the micro—arc oxidation reaction process, significantly changing
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the surface morphology , porosity and other basic characteristics of the ceramic layer,and significantly reducing the energy

consumption per unit film thickness.Based on the analysis of wear surface morphology and wear amount, it is found that the

ceramic layer prepared by adding 0. 8 g/L nickel-coated graphite magnetic particles has good wear resistance ,and the fric-

tion coefficient is stable at a low level.

Keywords: micro—arc oxidation; nickel plated graphite magnetic nanoparticles; Z1.109 aluminum alloy ; wear—resisting

property
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Fig. 1  Surface morphology of micro—arc oxidation ceramic layers prepared at different Ni—coated graphite nanoparticles concentrations ;
(a) Ni—coated graphite nanoparticles concentration is 0; (b) Ni—coated graphite nanoparticles concentration is 0.4 g/L;
(¢) Ni—coated graphite nanoparticles concentration is 0. 8 g/L; (d) Ni—coated graphite nanoparticles concentration is 1.2 g/L;

(e) Ni—coated graphite nanoparticles concentration is 1. 6 g/L; (f) Ni—coated graphite nanoparticles concentration is 2. 0 g/L
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Fig.2  Cross—section morphology of micro—arc oxidation ceramic layers prepared at different Ni—coated graphite nanoparticles concentrations ;
(a) Ni-coated graphite nanoparticles concentration is 0; (b) Ni—coated graphite nanoparticles concentration is 0.4 g/L;
(¢) Ni-coated graphite nanoparticles concentration is 0. 8 g/L; (d) Ni-coated graphite nanoparticles concentration is 1.2 g/L;

(e) Ni-coated graphite nanoparticles concentration is 1. 6 g/L; (f) Ni—coated graphite nanoparticles concentration is 2. 0 g/L
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Fig. 3 Surface morphology of ceramic layers prepared at different uncoated graphite nanoparticles concentrations

(a) graphite nanoparticles concentration is 0.4 g/L; (b) graphite nanoparticles concentration is 0. 8 g/L;

(¢) graphite nanoparticles concentration is 1.2 g/L; (d) graphite nanoparticles concentration is 1. 6 g/L;

(e) graphite nanoparticles concentration is 2.0 g/L
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Fig. 4 Variation of surface porosity (a) and average pore size (b) of the ceramic layer with nickel-plated graphite particles concentration
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Fig. 5 Variation of the thickness (a) and surface roughness
(b) of ceramic layers with Ni—coated graphite

particles concentration
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Influence of Small Labyrinth Seal Clearance on Performance of
Centrifugal Refrigeration Compressors
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Abstract;In order to investigate the performance change law of centrifugal refrigeration compressor under the design

condition of small labyrinth seal clearance,a centrifugal refrigeration compressor was taken as the research object,and the

flow in compressor impeller and labyrinth seal was simulated by CFD method.The results show that the gas pressure in the

labyrinth seal decreases approximately in a ladder shape. When the inlet flow rate of impellers is the same, with the increase

of seal clearance,the leakage rate and leakage loss coefficient increase greatly under the condition of small flow rate.Under

the same seal clearance, as the inlet flow rate decreases, the leakage and the leakage loss coefficient increase.After con-

sidering the sealing,the total pressure ratio and isentropic efficiency of compressor are reduced, and the larger the seal

clearance ,the more the reduction.Especially under the condition of small flow,the total pressure ratio and isentropic effi-

ciency decrease more obviously.The total pressure ratio is reduced by 8. 02% at most, the isentropic efficiency is reduced

by 4. 6% at most.

Keywords: centrifugal compressor;labyrinth seal ;impeller ; CFD method ; leakage
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Fig. 1 Impeller and labyrinth seal models
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Table 1 Main design parameters of labyrinth seal
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Table 2 Main design parameters of impeller
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Fig. 2 Mesh of impeller and labyrinth seal
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Comparison of Two Solution Models in Point

Contact Mixed Lubrication

WANG Xu LIANG He WANG Wenzhong
(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract : Mixed lubrication is the main lubrication state of typical parts. According to different surface roughness char-

acterization methods , mixed lubrication models are generally classified into two categories,one is statistical model ,and the

other is deterministic model.In order to study the difference between the two models in solving the point contact mixed lu-

brication of rough surface,the statistical model based on the average flow model and the GW model and the deterministic

model based on the unified Reynolds equation were adopted to predict the oil film thickness and the asperity load ratio un-

der different surface roughness,rolling speed,load and environmental viscosity of lubricating oil, and the consistency be-

tween the two models was compared.The results show that with the increase of roughness,the difference of asperity load ra-

tio between the two models becomes larger. With the increase of rolling speed or environmental viscosity, the difference of

film thickness between the two models becomes larger.The consistency between the oil film thickness and the asperity load

ratio of the two models under low load is better than that under high load.

Keywords: deterministic model ; statistical model ; mixed lubrication ; point contact
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Fig. 1  Variation of film thickness and asperity load ratio with
parameters in statistical model: (a) effect of velocity
and roughness on film thickness; (b) effect of
ellipticity on film thickness; (c¢) effect of

velocity and roughness on asperity load ratio
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Fig. 2 Film thickness and pressure distribution in the
deterministic model: (a) distribution of film
thickness; (b) distribution of pressure; (c)

profiles of film thickness and pressure at Y=0
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Fig. 3 Effect of roughness of isotropic surfaces on film
thickness and asperity load ratio of two models:
(a) influence of roughness on film thickness;

(b) influence of roughness on asperity load ratio
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Fig. 5 Effect of load on film thickness and asperity load ratio
on isotropic surfaces: (a) influence of load on film
thickness of two models; (b) influence of load on
asperity load ratio of two models; (¢) influence

of load on asperity load ratio of deterministic model
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Fig. 6 Influence of load on contact area ratio of asperity :
(a) for loads from 100 N to 2 000 N;
(b) for loads from 2 000 N to 9 000 N
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Fig. 7 Effect of environmental viscosity of lubrication oil on
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influence of environmental viscosity of lubrication
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Research on Life Prediction of Rotary Shaft Lip Seal Ring

ZHANG Fuying'® ZHANG Yuanhao'? GAO Yongxin'?
(1. College of Mechanical Engineering, Tianjin University of Science & Technology , Tianjin 300222, China;
2. Key Laboratory of Integrated Design and On Line Monitoring of Light Industry and Food Engineering
Machinery and Equipment in Tianjin, Tianjin 300222, China)

Abstract: Based on ABAQUS software and fatigue analysis software FE-SAFE | the life prediction method of rotary shaft
lip seal ring was proposed.The rotary shaft lip seal ring between the input shaft and the bearing end cap in a reducer was
taken as the research object,the finite element model of the rotary shaft lip seal under the pre—tightening condition was
constructed , the relationship curves between the interference and theoretical contact width of the oil seal and the maximum
contact pressure of the lip were obtained. According to the stress obtained by ABAQUS and the material stress—cycle times
curves, the fatigue analysis software FE—SAFE was used to predict the influence of different interference and theoretical
contact width on the cycle life of the rotary shaft lip seal,,and the effectiveness of the prediction method was verified.The
results show that the cycle life of rotary shaft lip seal decreases with the increase of interference ,and increases with the in-
crease of theoretical contact width.Comprehensively considering the sealing capacity and cycle life of the oil seal ,when the
interference value is between 0. 35 mm and 0. 45 mm and the theoretical contact width is between 0. 3 mm and 0. 5 mm,
the cycle life of this rotary shaft lip seal ring is higher.

Keywords: rotary shaft lip seal ;fatigue life ;contact pressure;life prediction
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Fig. 1 Schematic of oil seal structure section
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Table 1  Specific parameters of oil seal system
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Fig. 2 Finite element model of oil seal
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Fig. 6 Variation of contact width with interference
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Design and Analysis of Spray Lubrication System for
Planetary Gearbox Based on Flowmaster Software

WANG Ao'

TAN Wuzhong®

(1. School of Mechanical and Electrical Engineering, Central South University ,Changsha Hunan 410083, China;
2. AECC Hunan Aviation Powerplant Research Institute ,Zhuzhou Hunan 412002, China)

Abstract ; Traditional lubrication system design is mostly based on empirical formula for calculation and design, and

then verified by test. Aimed at the long design cycle and high cost of traditional lubrication system design,a design method

based on Flowmaster software was proposed.Taking a planetary gearbox as an example,the heat generation of each lubrica-

tion point in the gearbox was analyzed and calculated, and the lubrication system was preliminarily designed.The results

show that the friction heat generated at the input gear is the largest, the oil demand of the input gear is the largest.The cor-

responding lubrication system model was built by Flowmaster software ,and the steady—state and transient simulation of the

lubrication system performance was carried out.The simulation results verify that the designed lubrication system can meet

the lubrication demand of the gearbox.The transient simulation results show that the closing speed of the valve will affect

the flow and pressure characteristics of the system.

Keywords: planetary gearbox ;lubrication system ;spray lubrication ; simulation analysis
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B BT P B R R I AFAE LAS—C o N Me, W LA IS5 F0 ZDDP fb2 i, M BH L T ABR R £5 O B ML, e T
LRl LA I EE R AR RE
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Synthesis and Tribological Properties of Lamellar
Aluminosilicates—C , N" Me,

HAN Lukun NIU Wenxing XU Hong DONG Jinxiang
(School of Chemistry and Chemical Engineering, Taiyua University of Technology, Taiyuan Shanxi 030024 , China)

Abstract ; Lamellar Aluminosilicates—C ;N*Me, ( designated as LAS—C ,N"Me,) was synthesized by hydrothermal meth-
od and using octadecyl trimethyl ammonium bromide ( abbreviated as C,;N*Me,) as template.The synthesized sample was
characterized by powder X-ray diffraction( XRD) ,scanning electron microscopy( SEM) , Fourier— transform infrared spec-
troscopy ( FTIR) and thermal analysis( TG ).The tribological properties of LAS—C ,N*Me, combined with ZDDP as addi-
tives in lithium grease were evaluated with a SRV -V reciprocating tribometer. The results illustrate that LAS—C N Me,
significantly improves the lubricating performance of base grease,and the optimal mass concentration is 5%.LAS—C,N"Me,
combined with ZDDP at the mass radio of 5 : 2 exhibits excellent synergistic effect on load —carring capaticy, friction
reducing and anti—wear properties.The analysis results of steel disk wear surface indicate that physical adsorption film of
LAS—-C,;N"Me, and ZDDP tribochemical reaction film are formed on the rubbing surfaces,which hinder the direct contact
between friction pairs,improve the tribological properties of base grease.

Keywords; lamellar aluminosilicates—C ,N"Me, ; ZDDP ;lubricant additive ;tribological properties;lithium grease
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(R AL 75 780 ek R b et A LA R
R 8N # B ( Lamellar Aluminosilicates, & FX LAS)
S DL R B R A5 B B R IS R SR A AARGR) A i A
FRER A IARHES ) — 4k (2D) REERERZR MR, FHE
TR ENEPEF S IBAC)Z R0 Na*, ()2 4 3R 18 4 5T R
SRR, AR Ao s ik = Ak
AN BRI R, A T AT DU £ AR ARk
FREAMAEL, IR AR i a5, B gE 4 R 3R
W, A HUE R RAREERR AT AT 42 2 Al 100 SN
150 SN VA4 A7 5 9 K 4R B8 ) o A7 AILEE 43 80 )2 4R ik
AR BT R EURR IRz, Hil e L2 EHE, 1 ik
T IS A — AR ST, ek — i Uik
M8 ( Zine Dialkyldithiophosphate, ZDDP) Jf&—Fj &
LW IR NI SR ZDDP X B BT A i
SR Y (AR SR A BE S OB 7)) I BT FU RS BEK )
WINR A RCR D> ZDDP B . B, EREHA L
PERGRREEAS RR BN A RS ZDDP A2 F %l T i 2 52 2
PERERYSZMR, & — MEROTFER T 1),

ARSCAERE DL\ b 5 = W B AL B (Octadecyl
Trimethyl Ammonium Bromide , W5 CN"Me,) oyt
B, AR BGE T T A HUAE 15 2 2 AR 45 TR A
# Bl ( Lamellar Aluminosilicates — Cp N* Me,, i R
LAS-C (N'Me,) , it X SFLATHAL, i+ 5
TCBE | R ZE AP G ASCRT B 3 BT 4SO A o AT
TERAE; A SRV 1152 B 52 U0 L R e T 5
T LAS-C (N'Me, Pl 2 LAS-C,,N*Me, 5 ZDDP & fic
HYBEHE 2 PERE, WA H T WA 3D DL g
JEASURI X 2 R 15 SORT 50 35K 85 45 3% 1H T 30 R T 2 4%
A #EAT T 5347
1 KEEHES
L1 3RIK A

TN e = P B R Ak B (STAB, it = 43 4K
98.0%) . SAAH (NaOH, Jiht/r4%K 96.0%), A
AAL# (LOH - H,0, Fif /%L 98.0%), FIHL T
() WG A RS A A, WA (NaAlo,,
AR) Z iR BR A R AR BERIE (Si0,/Na0,
(PEJRI) =3.3), T &EAEHA RA w4 il
B2 (it s 98.0%) T R IERERRIR (Bt 434K
80.0%), #hifvE (i) ATk & A RA w)
P B a- M PAO 8 (40 °C B ¥ N 46.68 mm’/s,
FHEIRBN 146) , R FREF AT b A1,
BEAE 00~ 120 °C, K HE B BRI A PR Rl A7
ZEMK, SemE A,

1.2 Hdedh &
1.2.1 A AUARAE R Bk AL 4 B AN 69 &%,

FIFHAK A BT v T 28 A HLAE 43 78 2 R Rk AR R
B, BRSPS BB 25 ml VUG LA N A I
N2 FPRIINA —E = KB KRB, T\t
B PR AR AR IR A, 7RSI FHHE 10 min £
RAHIS); RGBS E AW, BiFE 20 min
BIRAGYTERREA, IR R, RN B HE
FE 150 CHBEAR R, O 3 RIGHUH, P4 B0y
B RBETKEEE, SRS, 820 R
EER M RE S, RN H, 0., SiO,, NaAlO,, STAB,
NaOH fEE/RHER 600 5 10 :2: 3 : 4,

1.2.2 Aah4z K Rg a4 4 &

TE W AN AN S A v B ER 43 BE Al PAO 8,
IMABTE L 1 4 A RERE R A 12 -2 FE 4% AR MR VR &
Y, BiHETHR S 80 C, FEfRMIMR e W RIE, A
AR KB R (AEESKRELL 1),
SRIGTFHRZE  (120+5) CRBALRNL 2 h, B KRG
T i R 5 S SR A B S 30 min, 458 1l Vi 2 BT
SHEUTE 0.06% ~0.15% . BEJS AT, THlE 2=
210~220 °C, 134% 10 min, 5 1 0n#A, 5 15 3 4 3
185 °C, AL, MEJEREE 80 CHf 5 IEfiitE,
BH, RIGE AR S 3 Yk, 153 L h 4 Sk
JEFEM
1.2.3 &R A i m ) e K g 64 1) &

A 5 A S mh B LR 1 T IR AR R, TR 28
BB, ARV TR AR A T BE B B 100 CCHE, A &K
HAFER, BAEAS) L WA, s iE i IR TE =
ARAFESHL DS 3 Uk, A5 B SA AS RS IR i 4 0k
JEHE i
1.3 B KA o b R AE

FIH H A Rigaku Ultima IV % X 528 A7 55
AFEN B S5 #) 47 F#AE (CuKa, A=0.154 18 nm,
TAEHE R 40 kV, TAEHF N 20 mA, 45 F
20=1°~10°, FAHi#EE A 0.5°/min), A H H &
Hitachi SU8010 414 F. &k it 455 L 25 A 2R A o 1)
SIS, FIH H A H 3778 7] IR Affinity 520 A8 35X
SR AR RE S SR M T, A KBr e AR, T
SE Uk BT B R 400 ~ 4 000 em™', F| ] NETZSCH
STA449F5 FA43 A A AE 25 US040 BB R AR il 10
PR O, BEJEE R 50~1 000 C, Tl # %
85 °C/min,
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1.4 Bk
1.4.1 SRV 28 B¥F X%

FIFH7E R Optimal 23 W A2 77 (1) SRV -V #1152 &
RS FURI0ALPE I W G 0 B SRR B, e
BRI 10 mm |, A JE 59~ 61HRC BY GCr FXEK I
b5t S8 2 R BCA BRA F A 7= 1 & 24 mmx 7.8
mm, i 59~61HRC Ay AL, FEEE B 550N
JRFE 80 °C, £K 1 mm, fEEMRK 30 Hz, 8470}
30 min, iEf7#MT 100~800 N, AFGatfErr, Tl
TR nT RN ER R IR g g, R
TP 8 1) T 259 P A S ok R PR
1.4.2 BEHBE@I>H

FIFAEE Zygo A Al A= B # 5 4 ZeGage B 3D
2 B ASOULIN S K s 40 2= 1R — 4EJE A0 5 fif H Hitachi
S FE AR PR R RS S TM-3000 £ 451 F8 HE - I A5 48 W0 T
Bk B 4R WP S 8 Bruker 2 W S R

;‘21;;” 7. OF) X S EXRE T L5 T R A 4 R T FULBEREY XRD P (a) H1SEM A (b)

Fig. 1 X-ray diffraction pattern (a) and SEM
2 #R51e
2.1 AESEAE

Bl 1 (a) Fias LAS-C  N"Me, #E i A9 XRD fi7
HHEE, fF20=2.70°, 5.64° . 8.38°kbi R 34
FRAF I, k5 Scik i RaE R — 2, A PG R
AR IEZ A 32 nm, K1 (b) FiR2EEN
) SEM R -, AT LA HRE O bR R 2 i i A
A VR Z 0 40 nm, KRR 250~350 nm,

2 (a) F7RJ&E LAS-C N Me, #F 5 0921 4N
T, Hidr 3 273 em™ &b YRR AE 6 A % T W B K RN
RER AR, 2 915 Fl 2 854 cm™ Ak AY4FAE 16 AT
PLEJE S R R B S 4 4 20, 1 484 em ™' Ab
PIRHIEIE R C—H 8T N T iR 2, X RMZRA
KR b 4 71, 1245, 1 062 em™' Ab %8 55 14
FRAFIE RN 581 em™ &b WY FRAF 16 1T LA JE A Si—O 4
BPRsh, MIE2 (b) PRSP RE ML T LA
e, BERVRE SN 3 AR B, B RSN
56% ., H5— KBtk 150 C Z W, 2k 2 W B A4 K 43+
(BTt RN 4.7%) 5 55 Z B BoZ 130 ~400 C Z
), T REE R R A A A i, R T T T
(BTEER N 34.7%) 3 IR ETHE 2 510 °C Mk
Bf, HFRERELEAESE S, FEMREREAR B2 REREBLIAMER (a) FIEGKEIZ (b)
16.0%""7", Fig.2 Infrared spectra (a) and TG analysis

image (b) of typical sample

curve (b) of typical sample
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2.2 BHIERRIELE R B S
2.2.1 HmA A EBEHEFREGT R

i Optimal SRV - V AU PR BRI AL, FEAR
30 Hz, i) 80 °C, #f 100 N, #K 1 mm Flizfrit
6] 30 min FIRER 5T T, PEHT LAS=C  N™ Me b it s
I (REE NN 1%, 3%, 5%F1 T%) X4
JEEVE R R B A R BRI S

3 PSR S IS N SRR s i i | SRR
KRE R M, ATLIE T, %LAS—CISN*MeJﬁi
BN 1% 38 M B 7% 1, B5E NG (19 (4R S Bt i 2 90
U/ N 4 ST A T BRI
5.96x 107", 5.71x 107", 3.18x 107", 2.80x 107,
2.93x107 mm’, YHEF TR ECN 5%, RFREE R
A, HP BRI B T LU B, S E BRI
BB 2 N N 7)o A A B B I A, 2 R B
HRE 5%, P EER AL e TR,
I, LAS-C N"Me, & 5 IE B ME N 5% (i
780 .

B3 LAS-C  N"Me, it 73 B0 B 154 1A BRI EE 858 DR 8501 52 1
Fig.3 Variation in the wear volume and mean friction

coefficient with LAS—C ,N"Me, mass fraction

TER /8 5% LAS—C (N* Me, (18 5 5 4>
IR B8k 1% . 2% . 3% %) ZDDP, 1EH %
30 Hz, 780 °C, #faf 100 N, 24 1 mm Flis {7}
6] 30 min E’\Jﬁtyﬁmﬁﬁ?, i 5% ZDDP B s N £ Xt i
WHEREE M, RIS K 4 i, 24 ZDDP i
SR 1% . 2% . 3%, T B 0 AR i A 43
9241107, 1.98x107™, 2.30x107" mm’, XF LR
BB R 0,127, 0. 117 F10. 121, ZDDP f4 Jit &
IR 2% WA B b O VR0 BE BT BE R, DL, e
LAS-C (N"Me, fl ZDDP W B LR 5« 2 #4T )5
ZEoT

€4 ZDDP [543 Bou BER AR URIEE 42 R B 52 R
Fig. 4 Variation in the wear volume and mean friction

coefficient with ZDDP mass fraction

2.2.2 BENBEBFEEGY A

TEZL AT 100 N, $% 30 Hz, iz47iFE] 30 min, i
BIEEESM 51 20, 50 F1 80 °C HIRER A& F T, HEEIR
JEXF LRl AE . LAS—-C,,N" Me, 5. ZDDP JI§ Fll LAS -
CsN"Me,/ZDDP 5 BL Vst B ST PR RE RS2 MR, 150 45
FmE S Fis .

PR 5 X AN [0 A il P 4 S 1 R P S i
Fig. 5 Variation in the wear volume and mean friction
coefficient with temperatures: (a) wear

volume; (b) mean friction coefficient
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Fl5 (a) PsZERABSRERCRMZE, AT
U, FEARFESITIRE T, FEmt g 0 (R FRUES 3 42 B . #40
T LAS-C (N"Me i . ZDDP i1 LAS-C ,N"Me,/ZDDP
NG BEEIRENTE, BHUAB RN
##, H ok LAS - C, N" Me, &, ZDDP fig A
LAS—C (N"Me,/ZDDPZ Fic i i) 44 BB 43 £ 22 A A B
5, LAS-C (N"Me J§F1 ZDDP Jjig it 1A BB 53 i AT
LAS-C ¢N"Me,/ZDDP & it fig ) 1A FRUBS $61 it BefIR, 3
il 2 T 52 T B ) A RS 4k 43 50 Ol 2.31x 107
1.75%107*F1 1. 9810 mm’, 7EIRIG LN, 4
AT BEAE i P b A P R B ES H R RR, ARSI
3 LAS-C (N"Me, fiI§, ZDDP fi§. LAS-C N"Me,/ZDDP
SEHBCAE, BN ICAR P M RE SR AT .

5 (b) Fr7s A& 4 AT BRFE S T 35 B 45
Kbt R R AR B IR mTOL, 4 AT R R Y 2
JEE 8 DR B i L B A8 Ak s 3 S S BUAR R AR . 76 IS
TREEE RN, 4 AN B RE i b Sl i 1 1 25 B 4 1A
Bk K, SRJGHCYR N ZDDP i . LAS-C, N Me, fI§ .
LAS-C (N"Me,/ZDDP K BCfig, BN AHC g 0 s e 1 he
e, LAS-C N"Me, 8K Z .

AL, RIS IR R N, RS AR | P
PERE B, REHE TR E X LAS-C (N"Me, If . ZDDP
JEFI LAS-C,,N*Me,/ZDDP & B fig i 5 i AN 3%
2.2.3 BRFAEEFHRG YW

TEVRE 80 °C, #i% 30 Hz,, izf7HfE] 30 min,
IETEAT 100~800 N HRIEAAIE T, WF9E T i Xt 4
AN i R i UBE BB M RE RS2 e, 25 AN 6 BT
o HERRR ) B s AT AT 200 Ny LAS=C N"Me,
HEFN ZDDP Hi 1 55 /=532 17 2 far 43 511 2 500 1 600 N
LAS-C (N"Me,/ZDDP & Bt Bg i) 5 (5518 17 27 BE % 35
#) 800 N, ZILAhARAY 4 175, K6 (a) WLAFEH,
LAS-C  N"Me, i§. ZDDP fi§fll LAS-C N"Me,/ZDDP
STBCAR 0 B AR AR B /N F LR AR RS 1T A
100~600 N YLl N, & RECIRMEHATLS ZDDP 54
i, fXF LAS-C N*Me,IE, MEI 6 (b) WLLFEH,
BEE FATHE A, 4 AT 0 AR i 108 T 350 2 452 DR B %
Wrod /N, HEA AR, LAS-C N"Me, i, ZDDP fig 1
LAS-C (N Me,/ZDDP % Bt f§ 7€ 5 = 38 17 2 A T 1 °F-
A7 482 R K43 50 9 0.159 . 0.099, 0.097 #i1 0. 084,
02 AR 11 Y R R A AR T A 3 AR, WTLLE
e, APV RZOR RE AR TR AN B LAS-C (N Me, 5
ZDDPFE I 71 il P4 2 30 1 110 L 199 7 48 A 7 s Bt
FEVERE, TEHAA R E A RE,

6 A XS A [ 1 O U A B ) R
Fig. 6 Variation in the wear volume and mean friction
coefficient with applied loads: (a) wear

volume; (b) mean friction coefficient

K7 Jis o 4 S IR e TE 25 A fm iz 17 8000
TS EE R, FTLUE L, RMETE i & s tT
#fif 800 N, LAS-C, N"Me,/ZDDP & it if i) 3h Z&
FEE O 2 W REAE IR 3P A2 05 17 A EL T LA g,
LAS-C  N*Me, I§ Fl ZDDP Jiis 75 15 47 1 1 & A5 P 3,
LB i 32 7 TP A

P07 O [RIE NETE e e 1B AT A T Y Sh AR R 4 D R 2
Fig. 7 Dynamic friction coefficient of each grease

sample under its highest applied load
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2.2.4 EmikamisTiaom

Sk TG b R A A LA A R R R R R A A R )
T HLE], XA IR 7E 5 R s AT 3k T IR0 5 4N
SR E VAT T, IR 8 FIT7R . MUHA 5 5 0 2 i
1) SEM BE K. 3D E R F1 EDS JCR Ml LA 1, 78
BT 200 N ORI A I I P A, A S 0 2 1 A
THWERA—WMYT, 214 Fe, Cr & 24 00
2, TEHT 500 N Hl LAS-C  N* Me, J§ 718 ¥ i), 4N 4%
KEAULE B — SO, A Si uRZEE, RUA
LAS—C (N"Me, F5UH7 K BF 76 4K 4% 22 0 2 i 7 9 B AR 4
JEE, ¥EIn TR, W TR 7EEA 600 N I
ZDDP JRVEME B, NE R A LR RIE, EDS
KiE] P, S JCE MR, ZDDP 54 4 BE 5 K 1w &k
AR R AR BT AR 2R R R, R B T B R Y
PERT

X LAS—C ¢N*Me,/ZDDP 5 [t Jig 18 18 Bof 11 4 4
BERA R E Ay BT R B, BV AE = 20T 800 N fE & 1517
T, AR 45 3 T AR UL 58O B AL RN IR
EDS JSCR /T RV, BR#E A BoRI, B R
MG Siy P S OUER, KW A K W [E B AR AE A
LAS-C (N"Me, #l ZDDP I i, LAS=C (N"Me, fJ¥%
%4 250~350 nm, 3 JEE LK 40 nm, K ZDDP
S (2 ~ 3 nm) B 125 ~ 175 1%, FEREE EEE s
1T, LAS-C, N*Me, Uk A B 38 75 78 89 5 09 1™ %
i, TEEEME T T, LAS—C, N"Me, Bk A{UA 2L
BHAE T b EE R R Y B R 4 Ak, [ LR 4P T
53 ZDDP JEN S PR B 4w, A LG TR A S
N, S BCHE A9 45 2 1 W] A7 AE B LAS—C  N* Me,
YRR R R ZDDP Ak 2 B W RsE 3 Wb R EORR
SEHL TR R AR RS T RE

B8 IRy B ATH A T 258 BV W SR AL S SR R T 19 SEM BT (a) . 3D JBSR (b) I EDS JTEAHTEE (o)
Fig. 8 SEM images (a), 3D images (b) and EDS analysis (c¢) of steel discs tracks for each grease sample under its highest applied load
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(1) 7E H,0, Si0,, NaAlO,, STAB, NaOH /A&
il g T /bR = R IR A AT 1 R AR R AR R A
BEE, 450 LAS-C (N"Me,, RS R R R,
24 40 nm,

(2) LAS—C  N"Me, 1 oy £ 518 5 i [T 44 445 Jonn 5]
ARdtm T AR BUE | PUEBYERE, $RE T AR
WA ST, BalE EARMEN 5% (FEE0) .

(3) LAS-C, N"Me, 5 ZDDP & fic 245 1R 4 )
A&, LAS-C, N*Me,5 ZDDP 3 H & B it &=
K52, BAEMME, WHEHE ISR & E 1T M ] L
iKF| 800 N, R I PL = 1Y 7K £ HE 7 RN U EE B
PERE,

(4) XMNEEIAR AT /AR Y], LAS-C N Me,
1 ZDDP KIS TEAN B R EIE L T LAS—-C (N"Me, ¥
PRI IR ZDDP A 22 M, BH Ak T B BkoRn AN Bk 1Y L
efph, MIMTHE R T FEAE AR ELRS Ao mE i PERE

5% ik
[1] HOLMBERG K, ANDERSSON P, NYLUND N O, et al.Global
energy consumption due to friction in trucks and buses[ J ].Tri-
bology International ,2014,78.94-114.
HOLMBERG K,KIVIKYTO-REPONEN P, HARKISAARI P et

al.Global energy consumption due to friction and wear in the

—
(3]
[

mining industry [ J . Tribology International, 2017, 115 116 -
139.

HOLMBERG K,ERDEMIR A.Global impact of friction on ener-
gy consumption, economy and environment [ J ].FME Transac-
tions,2015,43(3) :181-185.

[4] ASTROM H,OSTENSEN J O,HOGLUND E.Lubricating grease
replenishment in an elastohydrodynamic point contact[ J].Jour-
nal of Tribology,1993,115(3) :501-506.

LUGT P M.Modern advancements in lubricating grease technol-
ogy[ J].Tribology International ,2016,97 .467-477.

BARTZ W J.Solid lubricant additives: effect of concentration

—
(98]
[

[5

[

[6

—

and other additives on anti—wear performance[ J |.Wear, 1971,
17(5/6) :421-432.
[7] HE Q,LI A L,GUO Y C, et al.Effect of nanometer silicon

dioxide on the frictional behavior of lubricating grease [ ] ].
Nanomaterials and Nanotechnology,2017,7;184798041772593.

[8] ABDULBARI H A,OLUWASOGA AKINDOYO E,MAHMOOD

[

W K.Renewable resource—based lubricating greases from natu-
ral and synthetic sources: insights and future challenges [ J].
ChemBioEng Reviews,2015,2(6) ;406-422.

[9] MARTIN-ALFONSO J E, ROMERO A, VALENCIA C, et al.

[

Formulation and processing of virgin and recycled polyolefin/oil
blends for the development of lubricating greases| J ].Journal of
Industrial and Engineering Chemistry,2013,19(2) :580-588.

[10] SANCHEZ R,FRANCO J M,DELGADO M A, et al.Develop-
ment of new green lubricating grease formulations based on
cellulosic derivatives and castor oil [ J ]. Green Chemistry,
2009,11(5) :686.

[11] BECK J S,VARTULI J C,ROTH W J, et al. A new family of
mesoporous molecular sieves prepared with liquid crystal tem-
plates[ J ]. Journal of the American Chemical Society, 1992,
114(27) :10834-10843.

[12] KRESGE C T,LEONOWICZ M E,ROTH W J,et al.Ordered
mesoporous molecular sieves synthesized by a liquid - crystal
template mechanism|[ J].Nature ,1992,359(6397) .710-712.

[13] FHETE. 2R AE AR S O A Y B IR S R E R R [ D] K
it KB TR ,2009.

WANG Y J.The synthesis and characterization of modified lay-
ered sodium silicates[ D ].Taiyuan ; Taiyuan University of Tech-
nology ,2009.

[14] ZHANG J, SPIKES H.On the mechanism of ZDDP antiwear
film formation[ J ].Tribology Letters,2016,63(2) :1-15.

[15] ZHANG J,UEDA M, CAMPEN S, et al. Boundary friction of
ZDDP tribofilms[ J].Tribology Letters,2020,69(1) :1-17.

[16] MARTIN-ALFONSO J E,MARTIN-ALFONSO M J,FRANCO
J M.Tunable rheological -tribological performance of “green”
gel-like dispersions based on sepiolite and castor oil for lubri-
cant applications [ J ]. Applied Clay Science, 2020, 192
105632.

[17] XI 'Y F,DING Z,HE H P,et al.Structure of organoclays: an
X-ray diffraction and thermogravimetric analysis study [ J].
Journal of Colloid and Interface Science,2004,277(1) :116-
120.



2022 4F 2 J] MEN SR Feb. 2022
FaTHFE 2 LUBRICATION ENGINEERING Vol. 47 No. 2

DOI: 10.3969/j. issn. 0254-0150. 2022. 02. 018

ERSIA: TR, DEE G EY, SRRSO 8 T ISR Bl sh @ B EREI I B [ ] 58 55, 2022,47(2) : 116-121.

Cite as: WANG Qingging, MA Guolu,ZENG Guoying,et al.Test and analysis of dynamic sealing performance of large size O—shaped nitrile
rubber ring[ J ].Lubrication Engineering,2022,47(2) :116-121.

AR ORTRSRE = ERENR 55

FiEE SDEE' YEZE' § B @ M =kiF
(1. PHRERMHE R i AR B R B i S 5062 D)1 4R PH 621010,
2. MRS NWR S LRSS PUIEEH 621000)

TEE . IR ARRST O TSR 5 18 v T 8 % B PR AR, DRRE N F KRR O TEAR R 1) 30 %5 B e el 5, ¢
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Large Size O-shaped Nitrile Rubber Ring

WANG Qingging' MA Guolu' ZENG Guoying' XIE Qiang® HE Lin' YUAN Yongrun'
(1. Ministry of Education Key Laboratory of Testing Technology for Manufacturing Process,
Southwest University of Science and Technology , Mianyang Sichuan 621010, China;

2. China Aerodynamic Research and Development Center, Mianyang Sichuan 621000, China)

Abstract: In order to study the dynamic sealing performance of large—size O—shaped rubber seal ring,a dynamic sealing
performance test platform for large —size O —shaped rubber was developed, and the dynamic sealing performance of
O-shaped rubber seal ring was tested at the pressure from 15 kPa to 600 kPa under the condition of water medium.Based
on orthogonal experimental design,the dynamic sealing performances of nitrile rubber seal ring with inner diameter of 600
mm ( section diameter of 10 mm) under different medium pressure , compression (from 0. 75 mm to 1. 25 mm) and rotating
speed (from 5 r/min to 50 r/min) were studied.The results show that the leakage of the seal ring increases approximately
linearly with the increase of water medium pressure, decreases slightly with the increase of compression,and is basically
constant with the increase of rotating speed. The end face friction torque increases linearly with the increase of water
medium pressure ,and changes little with the increase of rotating speed and compression. Among the three factors of medium
pressure ,compression and speed ,the medium pressure has the greatest influence on the leakage, followed by compression
and speed. The medium pressure has the greatest influence on the end face friction torque, followed by speed and
compression.

Keywords: rubber O-ring; dynamic seal performance ;test platform ;orthogonal test;friction torque
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Fig. 1 Schematic of sealing test platform system
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Fig. 2 Structure diagram of test host
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Fig. 3 Dimension and installation diagram of test O—rings
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Table 1  Orthogonal test scheme of O-ring
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4 300 0.75 24.0 A,B,C,
5 300 1.00 48.0 A,B,C,
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Fig. 5 Influence of various influencing factors on leakage of O-ring seal; (a) variation of leakage with medium

pressure; (b) variation of leakage with speed; (c) variation of leakage with compression
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Fig. 6 Influence of various influencing factors on end face friction torque of O-ring seal: (a) variation of torque with medium

pressure; (b) variation of torque with speed; (c¢) variation of torque with compression
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Preparation and Tribological Properties of h—BN Dotted
with Cu Nanoparticles as Lubricant Additive

LIU Yifei' LIU Chaolin®> LI Zhujun' SU Fenghua’
(1. School of Mechanical and Eletronics, Guangzhou Railway Polytechnic , Guangzhou Guangdong 510430, China;
2. School of Mechanical and Automotive Engineering,South China University of Technology,
Guangzhou Guangdong 510641, China)

Abstract; Hexagonal boron nitride dotted with copper nanoparticles as lubricating additive (Cu/h—BN) was prepared
by hydrothermal adsorption and pyrolysis reduction.The as—prepared lubricating additives were characterized by transmis-
sion electron microscopy (TEM) ,X-ray diffccraction (XRD) ,thermo gravimetric analysis ( TGA) and infrared spectros-
copy (FT-IR).Lubricating additive was dispersed into poly a—olefin (PAO10) and the tribological properties were inves-
tigated by ball-on—disk tribo—test.SEM was used to analyze the morphology of typical wear marks,and XPS was used to
analyze the chemical composition and chemical state of the deposited lubricating film,and the anti—wear mechanism of the
composite lubricating additive was discussed.The results show that compared with the oil sample dispersed by hexagonal
boron nitride , the interlayer slip of boron nitride at the friction interface and the repair of copper nanoparticles at the abra-
sion interface in the composite lubricating additive of Cu/h—BN make the PAO10 base oil exhibit better tribological prop-
erties,and the friction coefficient and wear rate are reduced by 15. 4% and 29. 7% ,respectively.Cu and h—BN in the com-
posite lubricating additives of Cu/h—BN can play their respective structural advantages and accelerate the formation of sol-
id lubricating film,so as to achieve excellent tribological properties.

Keywords : hexagonal boron nitride ; Cu nanoparticles ; lubricating additives ; tribological properties
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A A A 3 TR ThAE 70 C IR BE T 4 h,
SRIG SRR L bR 2 AR, 08 RIAS v M4
KA A

JUTA 1 JEE 8 X 6 25 2R FH 2 Wi 9 (TN 0. 2 mL
FIMAE T ARG A L) o 558 5 R 2R 1w 5 B A3 &
JEIRIE SR %, 0 i A5 ) 2 458 PRI 450RT S 431
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SELT ORI TR R N b Y ot R, 1B
245 T p-BN Hl Cu/h-BN 19 TGA #iZk., nl%, #
F.F p-BN, Cu/h-BN AR TR 5. 14% (&
B, &M T Cw/h-BN & & & A Kb
(KBREE—&B 53k A TKIGEBM, —34k 1 Tl
PR A TR )

K1 p-BN Fl Cu/h-BN fi¥) XRD #[# (a)
5 FT-1R JGEE (b)
Fig. 1 XRD patterns (a) and FT-IR spectra
(b) of p~BN and Cu/h-BN

2 p-BN 5 Cu/h-BN 1Y TGA 12k
Fig.2 TGA curves of p~BN and Cu/h-BN

& 3 Fi7nh Cu/h—BN 90K & & 18 B ARAS 1
fi5 TEM B R, MK 3 (a) A, BEMEHHRST N

100~200 nm, FHAARHEJEERSH, WE 3 (b) ]
WELHE] h—BN (002) FIZKAH (111) F % i fa) e
45074 0. 208 F10. 35 nm, BEBHZKE G Cu/h-
BN 4K A AR S T BACBI LK

K3 Cu/h-BN{ILfiF TEM & (a) HIE5r8E TEM & (b)
Fig.3 TEM image (a) nd HRTEM image (b) of Cu/h-BN
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PR R, A, INE 4 (a) ATLLRBLE I f-
BN Fl Cu/h—BN B30 9 BE 48 D 30 e 28 48 )5 R A1
IBLG:, X 5T I AR IE BURR E MR G, 24
PR B A e R IS, R R AR AR LAk
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RSB T 15.4% 1 29. 7% . X8 Cu/h-BN
A MRHREIE B 1 RO B AR P, AT SR P
RS R B A PR

K4 KRR BRI (a)
FIP- B EE BB R B % (b)
Fig. 4  Friction coefficient curves (a), average friction
coefficient and wear rate (b) for the pure oil and

oil samples with different nanoadditives

Mtk — B WFTEIRMIARIE | A5 1 B o X P
PEREROREI, [ 5 4300 T 5 40 MR INA] Cu/h-BN
FERI A F TR BB R . TS ()
e B R BRI 0 s Ak T, 3 B
IR B 15 A 5 S A R R, B A R
WP S mg/mL. X T AE S B 4 WA Cu/h— BN
15 PAO T e 7 9735 b Rl 5 1 fl 5 T S50 BR  H F
Bfl, TR s AR, S (b) iRk
R (AT 10 mm/s) Sl FHOEER LR
BB T L 3 2 5 11 B R A 2 T/
(i, FLES5UA MR /I IR DT, 55 36 9 S 25 28 1 84
BT, Cu/h=BN A 55 W E R A 3 3 T B
TR ke, ST T 4 R A A
BEBEHR, IS () ATRATRH, BEHE D BRI
353 B FE R TR A6 50 49 0 9
BRI TR, KT, I ik

5 mg/mL BITRETE T, R 45 DR SORI I 0 R A A
[ i LA B 26 AF R AN I, X SR 2 T
AR Cu/h-BN AYIEEDTIE PERERRE

5 PAO+Cu/h—BN i A~ H4J5E 8 X 550 B P A 3 B s
FIMREE (a) . 85 (b) FEE (o) ML
Fig. 5 Variation of average friction coefficient and wear
rate of PAO+Cu/h—BN sample with additive

concentration (a), load (b) and speed (c)

2.3 HEE AL 5T

TE7 Cu/h=BN S IR A b AR T 1 25 PR kAT T
AT o ) 4 PR 48 A 1, SR SEML6F AN [ A i ik
1 TR RIS, W 6 frs, wIH, fEils
MR BE (1 min) , BESESCHEBURZL, MBLREH
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R 8 DML R IR B3 BE 2 9 #EAT (10 min) , FEAR S EBURMESOA 3¢, S E SR TE] 6 h
FESER LSRR R F R GE, 2SR 4 (a) W, BEBUERE AR R E 1, BEW] Cu/h-BN 7E R M
A EE S DU A TT 5 B BERE 4 DR e Tt e DU A 246 52 P40 S T PO 4

&6 Cu/h—BN B ¥ T A [7) JBE 422 I [E) ) 10 B B BE SEM. 5]
Fig. 6 SEM images of wear surfaces with different sliding time under the lubrication of

Cu/h-BN dispersed oil: (a) 1 min; (b) 10 min; (c¢) 45 min; (d) 6 h

B 7 n T EEEERE (6 h) T ilEE PAO+f- 2], UiHA Cu/h—BN Btk v AE i e i SOR 28 T f-BN
BN Fll PAO+Cu/h-BN X I 114 JE8 4% R 43 il 4 LA R s 9 WCPETAE X PR ZE R AR 18 51 AZK Cu RE
FES, WA, Cu/h—BN Bz I AR A B8 488 IR 00 R Xt 1 — B EEE R, JF HLRBAE — 8 TR LR Bl EE
FA B BE 9 B ¥ /N T £-BN st AL, AH L - BN, AR B EERE, T 5 A b Rk 2R I P R
Cu/h—BNECHE A T o B ) B R B0, IR TR LY RCR

7 PAO+(=BN Fll PAO+Cu/h~BN JiiAEIE 1 T BE 45 R £ 2 K X 1z () BRI SEM [
Fig. 7 Friction coefficient and SEM images of wear surfaces lubricated by oil samples dispersed with f~BN and
Cu/h—BN: (a) friction coefficient curves; (b) PAO+f-BN; (c¢) PAO+Cu/h-BN
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F 8 (a) Z4HIAYE Cu/h—BN R M B8 IR 2 i
B XPS 4% &, |8 (b)) 1 (¢) FrmariliZ
Cu2p, Fe2p ML T %70 HE XPS 51K, MIE 8 (a)
AL, IR EE AR A B, N, Cu, ¥iM Cu/h-BN
FEPE R IR B i, N8 (b) F1 (¢)
AAT, IR R TR AL S Ak Ak, B CuO
(933.3 V), Cu,0 (932.6 V) LIM Fe,0, (724.7,
713.2, 711.0 eV) . X ULHAEESEAE T BE S I 2% 1 &

AT EA, SEEMRIEREDIE BB

T UL B Hrel A, FEEEE A it FE H Cu/h-BN
YR AU A A RE VLA F BRI A, B R R,
B B TP Cu BT IISI A, ALEER H)
TJ2AR h-BN W2, JF 5 B A A A ik
RN, AR R — 2 AR, R
A MR LS5 I EE TS PR BE

18 Cu/h—-BN ICPEARETE M TR RIENY XPS 35K (a) & Cu (b)), Fe (c) M XPS &Lk
Fig. 8 XPS full spectrum (a) and Cu (b), Fe (c¢) XPS fitting curves of wear scar surface lubricated by Cu/h—=BN oil sample

[l 9 fr 7~ J& Cu/h—-BN JMARTE T A9 EE ML =
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PRIV AR G J2 0k 201k B £ B8 488 B i 1 )2 ) i
B, GUOKMHITEEEEE S 3 T, R o T A AL
P GOR R AT 4 SR e, AT SE B A T
TR VAN SR e U EE 1) P R

B9 Cu/h=BN S5 B IIFRHAE S0 AL 7R 2
Fig. 9  Schematic of lubrication mechanism of oil sample

with Cu/h—BN composite additive
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BRI BLS, BNF Cu/h-BN BB &
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WE . NRT R AR e s il Sk B B RE 2T R D IR ERAS 2 S A 0 B R A R TR O R,
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Three—dimensional Finite Element Analysis and Structural
Optimization of Rubber Core of Rotating Control Head

GUO Lianglin' SONG Shunping® LI Gang® LI Junxiong’ HAN Xueying' XIA Chengyu'
(1. School of Mechanical Engineering, Yangtze University ,Jingzhou Hubei 434023, China;
2. Changqing Drilling Company , Chuanqing Drilling Engineering Co., Ltd. ,Xi’an Shaanxi 710018, China)

Abstract: In order to improve the sealing performance of rubber core of rotating control head in the process of drilling
with pressure,the finite element governing equation of dynamic sealing process was obtained based on the virtual work
principle,,and the Yeoh constitutive model in rubber core deformation process was established by uniaxial compression
tests.The three—dimensional finite element model of rubber core was established by using ABAQUS experimental platform.
By simulating the dynamic sealing process of rubber core in the process of drilling with pressure,the force distribution on
the mechanical seal face was obtained.The influence of the structural parameters such as such as inner cone angle, outer
cone angle and inner diameter of rubber core on the sealing performance of the drill pipe were studied.The results show
that the contact pressure of the main sealing surface of the rubber core is greater than that of other parts,and the contact
pressure at the inflection point between the main sealing surface and the inner conical surface is the largest. The contact
pressure of inner cone surface increases when the inner cone angle increases,the contact pressure of sealing surface fluctu-

ates when the outer cone angle increases, and the contact pressure of main sealing surface decreases when the inner
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diameter increases.The structural parameters are optimized by orthogonal test.It is concluded that the optimal combination

of structural parameters is inner cone angle of 24° , outer cone angle of 64° and inner diameter of 79 mm of the rubber core.

The peak contact pressure of the optimized scheme is reduced by 0.51 MPa and the Mises stress amplitude is decreased by

57.5%.The field application shows that the fatigue life of the rubber core is significantly increased under the premise of

meeting the requirements of the rubber core seal ,which verifies the accuracy of the finite element simulation analysis.

Keywords: rotating control head ; rubber core ; uniaxial compression test;sealing property ; orthogonal test ; optimization

design
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Fig. 1 Fatigue failure of rubber core: (a) bottom

failure; (b) sealing surface failure

i Lk, BOEREEH  BRERMARR SECT . S
o T 200 25 52 W A A5 s PR 2 i ) AR et P 7
A EE N E i H AT Kk 2 5 TAT FROTy B
PR B — R RN et B RE AR R | B IR
Be 5 e 5 3l Sy A A, AR SUHE B % R R &R
E AR A VE T, 3T il R A i e 45 1,
Yeoh HERIVE Ay i ot A8 T 2o B2 v () A Y 52
ABAQUS I 5 FE 7 Bt =4 BROCEEAL Ak
AR RO AR B R S Bz N
BF A 58 8 2 A S 5008 A B Ml T 7 A ey, O3 T
IEAIRIG RO N | AN S N R ESBOLFER T
Ikt S S R BEAT AL, 3 3 B3 1N 6 5 B b
AOHERATE
1 BEBHAEFE

RS TR, U TR 2 VR Y [ 2 PR =



2022 55 2 4

FRRARAE . B Sk S B SR RE = e A RO r S 45 e 131

A RASTE M HE ASBVEIRZS T84 B AT ] F) 42 ik A1
F R A A AR LA R R R 2
AT LA ST 8 A B AR AT BROT I 7 72

ﬂ 0ﬁ%dv=ﬂﬁ%%dv+ﬂxﬁm$ (1)

K o, WEIIARVENTT; 6, ARINAE; v A%
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TTREREHALE AL, JFREHE 2 (b) B iy B AR K
e, iR EAR N (29.0£0.5) mm, &E N (12.5
0.5) mm, 3 T 45 GB/T 2941—2006 F1 GB/T
7757—1993 HEAFIRER 0 U S AL EE A T B (AR
o es e O

2 B AR
Fig.2 Uniaxial compression test: (a) test

instrument; (b) compression sample

2.1.2  Yeoh A#AEA

FETMER IR 1Y WA LAY A Mooney —Riv-
lin, Yeoh 55 Ogden 3 Fft, izl ABAQUS %K {4 ¥ % %l
FEGE IR EAE 7 9 5 ok 3 FhAR BRI A, 45
AN 3 BT, Yeoh AR SE R MU A B AR, P
I SCHE T Yeoh AR H A5 U S 4 i 4 H 2 T Bl R v
G Iy - i A8 R, LA BT R R ECH €, =
1.117 MPa, C,,=0.059 MPa, C, =0.412 MPa,

K3 AR SR AR

Fig. 3 Fitting of constitutive model and test data: (a) Yeoh model; (b) Mooney—Rivlin model; (c¢) Ogden model
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A BRI BA AT WIAA RS 5 A Y 8 Sk ] AR
TEAR, A S Bt 22 1a) ) 1 sl 28 R 465, 4l
FE5 88 AR (A 22 ) B 2 R B0 o 0.3, IR 7
MPa [ 10 S 3945 e A 3w, gkt 3R i
SH L LIS AR C3D8R Rl 43 = 4E A A M 4%, ¥
T 52 204, E VI G T E TR N HEA Ol 280, Ab
HEFA R 60°, EARINAR N 72 mm, DL 0.75 m/s 43
FEA R R AN,

Bl 4 JBOEAREE 1 5 i AT BROT AR
Fig. 4 Core body structure (a) and finite element

model (b) of sealing process
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2.3 FHEZHHN

o M IS AR 2 B R R A 52 L, e B
FH MR AN, K S s, - 1~19 %
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TR e A v P e Sk I 20 1) 2 ik T S A 6 i
AN, ML A R AR BT, 1
F 5019 e fl R R AR R TR, A1 %
S R4, F R, FERGE N e S R
BHAHSE AL 25 5 7= o T B 4

K5 BRI ATRE

Fig. 5 Distribution of sampling points

FL6 IR AL Y4 fih i )

Fig. 6  Contact pressure at the sampling point

K7 5 8 43l s T A H =44 BRIT /A i
Foad He 3k i 2 2 155 Mises N 1 = &, E%
TAT A 2 HAW TR ) F2 fl [ F1 5 Mises of JTHE K,

K7 EEBHEAE T2 (MPa)

Fig. 7 Contact pressure distribution in sealing section (MPa)

K8 BB Mises N /1434 (MPa)

Fig. 8 Mises stress distribution in sealing section (MPa)
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PR MU R ) 4 ik s T RS il o e PP AR U P
ARG s Bl FFAS ARG A4 Sk i R ESN AYad JE Be,
i S ARAE IR BE RO

P9 Al TR B AR el R 22 1k

Fig. 9 Change of contact pressure during the trip with press
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3 REEMSHHFMRMLL
3.1 FRAMNFHMAEG YR

R TR AR, BRI S B M A A AR
HusZn A B ERE . A M R A A, R
— W HF RIS B AF N S S AR T
O RS FF ) R il D AT 400, AR A N B
SRS N2 fil R T 55 R
3.1.1  AA4EAATEARE 6 %5h

BT 55 s e T B 28 TR AT 43 oh 32 %% 1S5 5 B 4
B, PR B, AN R AR R v
SEFBh S EER . s 10 Fras, RASNEEA N T
FEE SR B E M e BEA A, Y B
B BB, WM K, W B, BN, ol TE
INAESR N 250, 300, 35°, 40°HYIE L T 20 b 23 B
5 S B FE AL R M AR, SR BGR A IR oF
FEAT BAT 42 3 i 20 9% B b e R Sy, 25 R an Rl
11 iR, B A, g Sy 5 %% S i 5 5 B %% 3 im
(B E3f, DU mi bl Bh s Ehm, g2 5 8%
B BEAE VHE RGO, B B R
drn, FEEH LAEARK, AR AR,
o T BT BSOS R R T G, %8 A R rh A A S
FEARAD ()3t 2 A B3 fin - DA (e 45 PR e T 2 ok e
DALY N

P10 AR AR

Fig. 10 Inner cone angle and its change process

P AR X i I T3 5 )

Fig. 11 Influence of inner cone angle on contact pressure

3.1.2  SPMER ST HERRE S %R

Qs 12 e, ANEE R IEES AN TS IC T Y e
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66° . 69° [ LT 43 B 35 55 1 B s -5 Bl AT ) 422 il
TIVERAA, JFBEHCEE AR T B R v o i L 42
fih FE I 0B 5 Mises N JJ e RAE, &5 FWE 13 Fiw,
AT, AN, S B Al E 1 (E S Mi-
ses W ST KAE A Bl 2, Horh ShHE fA O 69° B B
INo HAMHEFAREET, BGOSR A AR A, R
FEAERE SR T R )7 ) S A T L, A
AR 25 R AN R A E R 7 7 AR A, Ht, Ak
HESA R AR Al 2o i B B A2 IS O, R Ty W 2y
JEHEARAE

B 12 AMER AR el

Fig. 12 External cone angle and its change process

P13 SIME A X B T 52 0 152

Fig. 13 Influence of outer cone angle on sealing surface force
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K14 AR KRR R

Fig. 14 Inner diameter and its change process

P15 AR fik s ) B2

Fig. 15 Influence of inner diameter on contact pressure

3.2 AT OESGKIR 6 LM AR AL

TERGERABTE i f v, & 4540 PR R IRl 57 5
Wi, EAFTERSAVER], A A T IRAL AT 2 7800 % &
Z R L [FE T R AR, SO R AT AS g i
MEA I R A P ik

B BRIT T 5 AR AL &, B TR R
REARA AR TR o, (FEMET) mYiEHE
o, (Mises V. /1) MR o,, QAT A 5200
WA N Mises B 0124 o, T HEFHE S T
T BT B He K Mises L 7724 T () 9 .

T i(mar) 79 m(min)

R 2)

T iR R 7 MPa, T T S AR S 41
BRI FI{E R 25 MPa, c& T 4l F op % 1 i [
SNERUE NN o BKBERE SR o, T
HENT T LAY

. . T m(max) "9 m(min)
mino, =min | ———— "0 (3)
2

T (max)

VEENHEM AL SMEES B, ISR C /RIS
B, BOER N v=0.75 m/s, DLFEFHREEH
BERE R I A e H AR, A L9 (3%) IEX
x, T =K ZH R, W T K2
W1, 9 WidsJr & M HAE R 2,

F1 REEFREKE

Table 1 Test factors and their levels

KTV NHES A/(0) SN B/(°)  BUSIAR C/mm
1 24 59 7
2 28 64 79
3 32 69 85

F2 EXHBER
Table 2 Orthogonal test results

e A B C Dot/ et /MPa
izl MPa MPa ‘

1 1 1 1 825 2432 6.5
2 1 2 2 756 2310  3.62
3 1 3 3 7.51 2547 256
4 2 1 1 849 2367 5091
5 2 2 2 747 2444 3.69
6 2 3 3 674 2282 257
7 3 1 3 6.55 2125 258
8 3 2 1 782 2153 5.82
9 3 3 2 992 28838  4.00

M 2 AIAL, R R AL BE AR SR 5 3 IR
56 WG 7 RS, Hay e kg, 5 2 ik
) Mises W HIRME o fre/N, W20 Hrie 5 — 51 ik
ZRmH ok, PR, B2emR, X9
IR Y Mises I S MREHEA T 220087, W, it
I FAESR @ K T 1) Mises W 7 BRAE S AT, w0, 7R
RGP FAESE ¢ KT 40T A Mises 17 7 1 i 380 R S
PIfH, 0 At 2E, WZESPTERILE 3, A, KK
R0 R 7 X Mises 17 7 81 A0 52 M 432 DA 317N HE
FPR BN | SRR . NEER, AR 25 AT S
FT B Al A2B3C3, HOKE T 558 6 k5
FIARTR], N8 e B B R
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Table 3 Range analysis and its results

2z A B C
W, 12.23 14.54 17.78
W, 12.17 13.13 11.31
W, 12.40 9.13 7.71
w, 4.08 4.85 5.93
w, 4.06 4.38 3.77
w, 4.13 3.04 2.57
0 0.07 1.80 3.36

LGEHIE, ARSI 2 Wikl r il
%, EHEPHKIRE N TN A1B2C2, kK 4
FiRs, BRI R SR IR T R B A R
HEATRTLG, 2 FhO7 I Re R % BBk, HAERlE )
AR AR T AR T AR 5 AEACAR T3 58 4 fik F g e
HFEAE T 0.51 MPa, Mises I J7 i MK T 57. 5%,
ARG RN A7 T S A 9 5 R R R I K 2
WK,

&4 MUBRERILL

Table 4 Comparison of results before and after optimization

LES A/(°) B/(°) C/mm o/(m+s') O u/MPa o,/ MPa o,/MPa
LIVEYIES 28 60 72 0.75 8.63 23.61 5.70
R S 24 64 79 0.75 7.56 23.10 3.62

4 BRI A

SR AL T B AE R SRt B v i F 3 (il I i
90 h, FEEHERTH L — MR ER ) RIS BB
is FH )1 A 2 Th AR B, Bl 0 25 S
TS PR, WAL, RALJE RO R B ERE R Ar, REM
T AT R N A R AR R R, H A
B, I IE B T B8 = 44 BR OGO B 45 SR 10 1E
Bk

K5 DIFMAEXSEH

Table 5 Relevant parameters of field application

i HidtEE h/m  HECR/H P54 v/h
HEEIES}: 2314 4 106
REHI 2935 6 108
YRS 1529.4 14 112

5 #ig

(1) T8 5 5 B T A4 42 ik s 7 R T A ER AL,
W5 A HE T A BURCOR AR, 1Ak 5y 7 A RV
ROV, PR B A R, AR N R ke
FR, SR FT AR IS 4 Al R TR T B ATk

(2) Jrhr B — 25 A S JO0 2 fih TR ) 2 e, 4
R VHEF I I, B B A R ) RO
SMIEFAE AT, T B A e A ks T e (L
Mises I 1 fe KA AR 8l NARSE R, E#E B
MRS, FIEZINEMAER], £ T IEsCIAE
AR SR G 9 N HE S 240 SIHESR 640, Y

#2779 mm, XF R T KD ATB2C2, A HA)
W75, LA TT Rl R I (E AR T 0. 51 MPa,
Mises W JTIEIEFEAS T 57. 5%, Z 380G W 10 &
PR 55 OB T R A I I B E BT AR

N : XF BB Mises NV R FL 04 52 0 i B2 1 AU

HBGENAE . ANHES . NHER

(3) XHEACIE BB TEHE B | R4 45 b DX Y il
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Thermal-Stress Coupling Analysis on Sealing Ring for Double
Mechanical Seal of Slurry Pump

YIN Runsheng MUTELLIP Ahmat GENG Jun
(School of Mechanical Engineering, Xinjiang University, Urumqi Xinjiang 830047 , China)

Abstract: Aimed at the problem of service life shortening of mechanical seal of slurry pump in phosphoric acid plant
due to end face deformation,taking the seal ring of back—to—back double mechanical seal of slurry pump as the research
object,a three—dimensional thermal-stress coupling calculation model of the seal ring was established by using the integral
method according to the actual working conditions.The temperature field distribution and end face deformation of seal ring
was studied ,and the effect of thermal—stress deformation of seal ring on the normal operation of mechanical seal under dif-
ferent working conditions was analyzed.The results show that the highest temperature of the seal ring occurs at the inner
side of the static ring,and the temperature gradually decreases along the radial direction toward the outer side of the static
ring. The environmental temperature has a significant impact on the thermal—stress deformation of the seal ring,and the me-
chanical seal is more prone to failure at high temperature environment.Under the influence of thermal-stress coupling, the
sealing face changes from parallel surface to convergence surface,resulting in rapid wear of the sealing surface and the in-
crease of leakage.According to the deformation shape of the end face,the mechanical seal can be considered to be trans-
formed into a non—contact mechanical seal,so as to improve its service life.

Keywords: slurry pump ; mechanical seal ;thermal—stress coupling;end surface deformation ; convergence surface
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Table 1  Friction pair seal ring size

PUMEE S ZE BRERGE /mm Bl RSE /mm
HIIME 102.592 6
IR 102.50% 22
I IME 105.50% 7
IR N2 105.50% 25

BT BEAGERI B R = Al

Fig. 1 Three dimensional model of friction pair seal ring

x2 EHEHMBSH

Table 2  Seal material parameters

o YWNS 316L
HEIA GeES RN
R p/ (kg - m™) 15 300 7 980
WPEM R E/GPa 596 195
THFA L 0.23 0.3
HEEE/ (W -m™ -K") 96 16.2
A C/(J - kg' - K) 550 502
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Fig. 4 Geometric structure of double mechanical seal
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Establishment for Damage Threshold of Clutch Friction
Element Based on Dual Parameters
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Mechanical Engineering, Beijing Information Science and Technology University, Beijing 100192, China)

Abstract ; Frictional heat load and wear are two important factors for the damage and failure of the friction pair of the
wet clutch.Both have a more complicated mapping relationship with the working condition parameters and interact.Based on
finite element simulation and clutch bench test, the critical radial temperature difference of friction element buckling de-
formation was calculated using the 30 criterion,and the critical wear rate was obtained by fitting and interpolation of exper-
imental data.The damage threshold model of dual—parameter coupling effect was constructed through BP neural network
training ,and the validity and accuracy of the model were verified through experiments.The results show that the critical ra-
dial temperature difference and wear rate have a non—linear relationship with the operating parameters ( pressure and
speed ) .The critical radial temperature difference of the mating steel plate decreases with the increase of pressure and
speed ,and the wear rate of the friction plate increases with the increase of pressure and speed.The overall error between
the predicted results of the dual—parameter threshold model and the measured results is generally less than 7%.Compared
with the buckling theory model and the single—parameter threshold model , the predicted results of this model are closer to
the measured values,and can accurately predict the damage and failure of friction elements of wet clutches.
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Fig. 11 BP neural network training and test results; (a) variation
of critical radial temperature difference with pressure
and speed; (b) variation of wear rate

with pressure and speed
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Table 2 Critical radial temperature difference and wear

rate predicted and measured values
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ed by the ab initio Hartree—=Fock molecular orbital method.The quantitative structure tribo—ability relationships ( QSTR)

between the tribological properties and the structure parameters of these molecules were studied by the multiple linear

regression analysis,and QSTR models of anti—wear and extreme pressure properties with good fitting effect and prediction
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erty of xanthate heterocycles as lubricant additive ,and the molecular energy has an important effect on the extreme pressure

property.
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Table 1  Molecular structure and tribological data

No Matrices Substituent R WS, WS, EP_, EP,.,

1 A n-C,H, 2.341 8 2.365 8 2.561 9 2.586 7
2 A i-C,H, 2.3512 23192 2.5710 2.586 7
3 A n—C,H, 2.348 8 23329 2.5952 2.597 8
4 A s=C,H, 2.364 5 23551 2.6311 2.608 8
5 A n-C;H,, 2.359 1 23527 2.637 3 2.608 8
6 A i-C,H,, 2.389 7 2.364 1 2.631 6 2.619 8
7 A n-C.H,, 24321 2.393 4 2.692 5 2.641 9
8 A c—CH,, 24270 2.396 9 2.708 2 2.641 9
9 A n-C.H,, 24772 2.5119 2.741 9 2.686 0
10 A i-CgH,, 2.366 5 2.3353 2.6750 2.624 0
11 A n—C,H,, 2.4550 2.361 2 2.668 0 2.720 5
12 A n—C Hj, 2.4330 2.3816 2.693 6 2.720 5
13 A c—C,H, N 2.4559 2.420 0 2.729 6 27315
14 B n-C,H, 2.476 3 2.389 4 2.748 1 2.753 5
15 B i-C,H, 2.437 2 2.358 5 2.800 7 2.753 2
16 B n-C,H, 2.493 2 2.438 8 2.809 2 2775 6
17 B n-C.H,, 2.498 3 2.496 5 2.750 4 2.775 6
18 B c—C.H,, 2.570 4 2.477 3 2.828 0 2.8197
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No Matrices Substituent R WS, WS, EP,, EP,.,
19 B n-CH,, 2.374 1 2.3190 2.593 6 2.677 3
20 B i-CgH,, 2.356 0 23156 2.603 8 2.6773
21 B n-C,,H,, 2.382 2 2.3396 2.635 2 2.688 4
22 B n-C,H,, 2.407 3 2.426 8 2.665 1 2.699 4
23 C n—C;H, 2.397 9 2.368 8 2.693 7 2.710 4
24 C i-C,H, 2.389 9 2.3377 2.680 0 2.710 1
25 C n-C,H, 2.449 5 2.399 4 2.737 3 2.7325
26 C i-C,H | 2.576 2 2.509 1 2.872 4 2.820 7
27 C n-C¢H,, 2.341 8 2.365 8 2.561 9 2.586 7
28 C c—C¢H,, 2.3512 2.319 2 2.571 0 2.586 7
29 C n-C.H,, 2.348 8 2.3329 2.595 2 2.597 8
30 C n-C,,H,, 2.364 5 23551 2.631 1 2.608 8
31 C n—-CH,, 2.359 1 2.3527 2.637 3 2.608 8

#: A N Pyridine; B A Benzothiazole; C i Thiazole,,

BT AR ) BEAR S5

Fig. 1 Structures of matrices of lubricant additives
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Table 2 Results of MLR analysis on the

anti—wear performance

(3)

XX 3R 4E EP 5k WS

Dependent  Correlation  Fishervalue  Standard — Significance

variable R F error

level

WS 0.892 93.839 0.029 76

0.000
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Table 3  Correlation of WS and EP with structural parameters

we B Dipole Molecular ~ RMS SCF — Heat‘ Thermodynamic  Zero—Point
Volume  Force  Energy Capacity Energy Energy
WS 1.000 -
EP - 1.000
Dipole 0.016 0.119 1.000
Molecular Volume 0.806 0.768 0.009  1.000
RMS Force -0.036 -0.077 -0.026 -0.163  1.000
SCF Energy -0.872 -0.858 -0.027 -0.579 -0.071  1.000
Entropy 0.892 0.845 0.126 0920 -0.230 -0.649  1.000
Heat Capacity 0.873 0.880 0.116 0.900 —0.195 -0.638  0.965  1.000
Thermodynamic Energy ~ 0.837 0.813 0.082  0.918 -0.251 -0.548 0.982  0.953 1.000
Zero-Point Energy 0.834 0.811 0082 0.917 -0.253 -0.543 0981  0.952 1.000 1.000

P2 B RE A S S U R
Fig.2  Experimental and predicted values

of anti—wear performance
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Table 4 Results of MLR analysis on the extreme

pressure performance

Dependent  Correlation Fishervalue Standard —Significance
variable R F error level
EP 0.858 67.165 0.042 3 0.000
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Fig.3 Experimental and predicted values of

extreme pressure performance
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Development and Application of a High—performance
Grease Used for Industrial Robot
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Abstract; According to the operating characteristics of the cycloidal pinwheel ( RV) reducer and the operating condi-
tions of the friction pair,synthetic hydrocarbon base oil was selected as the main base oil , the naphthenic base oil was add-
ed to improve the compatibility of the base oil and soap,and tackifier was increased to ensure the adhesion of the product
and the viscosity index of the base oil. The hydroperoxide decomposition antioxidant ( thioester type) ,free base capture type
(‘amine type, phenol type) antioxidant compound antioxidant and MoDTC—based compound were chosen to improve the ox-
idation resistance, friction reduction and extreme pressure performance of the grease,respectively.Under the extreme operat-

ing conditions of robot load of 2 100 N, full stroke ,room temperature ( (23 +2) “C) ,and 24 h of uninterrupted operation
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the grease was subjected to a performance test of 8 000 h.During the test,the robot has run smoothly,and precise positio-

ning, indicating that the grease has excellent lubrication protection performance for the reducer and meets the requirements

of the robot.

Keywords: high performance grease ;addition agent ;solid filler;industrial robot ;reducer
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Table 1 The physical and chemical data of base oil
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Table 2 The synergistic antioxidation effect of

antioxidant compound
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Fig. 1  Variation of friction coefficient of the

greases with different solid fillers
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Table 3 Influence of different solid fillers on extreme

pressure performance of greases

winF| pe/N pn/N BEBEE A2 (392 N)d/mm
3% WS, 1176.8 1 569.1 0.48

3% 471 5 490.3 1961.3 0.52
3%MoDTC 784.5 1961.3 0.44

3%MoS, 617.8 2 451.7 0.46

3% CaCO, 588.4 1 569.1 0.46
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Table 4 Comparison of gear wear test results
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Fig.2 Wear of gear lubricated by greases of different formulations
(a) gear appearance lubricated by formula 3 grease;
(b) gear appearance lubricated by formula 4 grease;
(¢) SEM photo of gear lubricated by formula 3 grease;
(d) SEM photo of gear lubricated by formula 4 test grease
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Research and Application of Oil Selection and Optimization
in Coal-Chemical Enterprises

ZHONG Longfeng

(National United Engineering Research Center for Industrial Lubrication , Guangzhou Mechanical

Engineering Research Institute Co.,Ltd.,Guangzhou Guangdong 510535, China)

Abstract; The current situation of oil use in coal chemical enterprises was analyzed ,and the common problems existing

in the use of lubricating oil in coal chemical enterprises were pointed out,such that many types of oils are used,the per-

formance grade of the oil used is high,and economy of the oil used is low.The idea of oil selection and optimization in coal

chemical enterprises was put forward ,which is based on “minimizing oil types, more optimized equipment lubrication,and

lower oil cost”.The optimization of oil product selection can reduce the annual cost of oil products in coal chemical enter-

prises, reduce the wrong oil addition on site and improve the lubrication reliability of equipment.

Keywords: lubricating oil ;selection and optimazation ; lubrication mangement ; coal—chemical industry
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Analysis on Generation and Effect of Adhesion
Between Silicon Rubber and Metal

CHANG Jie' ZHAO Zhixiang® ZHOU Zhiyong' CHEN Tongxiang' SUN Lei' ZHANG Lin'

(1. Beijing Institute of Spacecraft System Engineering,Beijing 100094 , China;
2. Hubei Institute of Aerospace Chemical Technology, Xiangyang Hubei 441000, China)

Abstract: In order to explore the causes of adhesion between rubber seal and metal flange and the influence of adhesion
on sealing,according to the use characteristics of silicone rubber sealing structure , adhesion experiments between the sili-
con rubber sealing ring and the metal flange at different temperatures and times were designed.Through the comparative ex-
periments of silicon rubber sealing ring with anti—rust aluminum alloy and two kinds of stainless steel materials it is found
that the silicone rubber sealing ring is prone to adhere to the stainless steel flange and is not prone to adhere to the anti—
rust aluminum alloy metal flange.By testing the contact angle of metal flange surface, it is concluded that the greater the
surface energy and the thinner the oxide layer,the easier the adhesion occurs.It is shown that the adhesion of silicone rub-
ber seal ring in long—term contact with metal flange is caused by the existence of chemical bond between the interface , and
this chemical reaction intensifies with the increase of time at a certain temperature.The results of mechanical analysis on
sealing structure and sealing ring leakage test show that the static sealing performance of the sealing structure will not
change whether adhesion occurs or not.

Keywords: silicone rubber ; metal ; adhesion ; surface energy ;seal

BB Z R TR | Al 2 atth, B fesr B, —AEEMRGRNE Z R —E

B IR A AR A F e 4RI Jm = R 5 ) | AR
PRI B AR08 10 4 ik 22 22 18] A A B T
LHEE, AR - E S S RIE 2R
W, S —Bma)E, P Z s kA —E R

KR 2021-07-11; fEEEH: 2021-08-19
EEEN: W0 (1982—), B, Wit, mGCTRIE, 5805 m
TR AR B 4EF) . E-mail: change_ny@ 163. com,

P RE A RERTONE , 50 fik T PR

BA BT B e AT 4R SR S TR Z ALY
RhAEPERE . SCARL1-3)BF5T T IR Bl AR S 4
JEIBAEPERE AR, SCIR[ 4-6 ] BT5E TR BIIL T Z
SR FHEZ M E R ; KASPEROVICH 4517 il if %
TR AL BSR4 T R e e R s B SE N4
LTINS AL B | TSR B BCTT . A 77 A vk
PRI T TSRS 4 i 0 B BR S5 it



168

S

547 &

J 5 BEIE B T 5 ARG -4 8 O Y B RE T
RIEAZE SOV AR AL, LUK | Bk S e
&R X T T WS K A S A A SR A AT 1 5 i
AT T A B A AR AN AR A B AR R S 4
JER R B AR, (EJEAR IR B 45 i 5 4 Jm vk >
KIS RE T, AR B 5 4 i 12 22 2 [A] 1 266 &L
JO7 7 A 1) JE R TE 22 AR S i AT U I 2548 BT XS 2
Mt AA S, At B A, IR 4
T TCR R R E PRSI, HOR S e B AT AR
A SCHR R WLARGE

REARR R B R E L K A i 88 P it Iz R
R AT ITAR IR B 5 4 T vk =2 22 [A) B R B A8 0 7 A 1Y)
Jir DR K R B A5 0 %o 48 B s e, AR SCVE B R T RERR
JBE B EFAEAR R AT . S48k = Z E
RERRT S8, DA 4 AR THT RE Y A 2B 1 KBTS0 7 A
) NvS S o s i g e R R 2 g T N R 4
25 Hh 0 BRRION, X B S AR B B A A T
AR TR X,
1 FAPMESEIEIZ it
1.1 R gt

RERR IR E % FH SR BE MG BERERR S, BrsIdE AR
=G TR, AR P o R A,
HREREOES N 4 mm, LN 196 mm, EPUE 1
Fii7s

BT REAR IR

Fig. 1 Silicone rubber seals
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Fig. 2 Assembly of test part
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Fig.3  Accelerated adhesion test
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Fig. 4  Adhesion test results at 200 C for 1 day
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Fig. 5 Adhesion test results at 200 C for 4 days
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Fig. 6 Adhesion test results under different temperatures and times;
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Fig. 7 Hydrogen bond formation between rubber and metal

K8 1S 6 JE Z AR S i

Fig. 8 Chemical bond formation between rubber and metal
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Table 1  Contact angle test results and surface
energy calculation results of different

metal flange materials

el fh 6/(°) PRI B R T A
I — - -1
K T B W/ (mN-m)
00Cr 75.3+0.91 46.0 +0.15 49.6+0.76 38.74
1Cr  66.0 £1.56 60.0 +0.23 47.1 +0.81 38.0
5A06 86.8+0.57 83.1+0.57 70.8+0.78 18.13
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Table 2 Oxygen content on different metal surfaces
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Fig. 10  Adhesion points between silicone

rubber and 00Cr metal flange
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Fig. 11  Compression process simulation with adhesion
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Table 3 Stress calculation results of sealing ring
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