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Study on Startup Process of Carbon Dioxide with
Impurities Lubricating Dry Gas Seal

CHEN Wei'?> SONG Pengyun' XU Hengjie' SUN Xuejian'’
(1. Faculty of Chemical Engineering, Kunming University of Science and Technology , Kunming Yunnan 650500,

China;2. Faculty of Mechanical and Electrical Engineering, Kunming University of Science

and Technology , Kunming Yunnan 650500, China)

Abstract: The study of the startup process is of great significance to the smooth opening of dry gas seal by using carbon
dioxide with impurities as the lubricating medium.Keeping the closing force constant,and adjusting the rotational speed to
balance the opening force and closing force of the dry gas seal ,the relationship between the rotational speed,leakage rate
and equilibrium film thickness during the start—up process of the dry gas seal lubricated by carbon dioxide with impurities
was studied.The effect of the inlet pressure and inlet temperature on the opening critical rotational speed and leakage rate
of the dry gas seal, as well as the influence of balance ratio on the closing force were discussed.The results indicate that the
contact force of dry gas seal decrease rapidly with the increasing of the equilibrium film thickness, while the operating
speed and leakage rate of dry gas seal increase with the increasing of the equilibrium film thickness.Under the same equi-
librium film thickness, the required operating speed increases and the leakage rate decreases correspondingly as the impuri-
ty content in carbon dioxide grows. When the inlet pressure is lower, the dry gas seal is easier to open,and at the same
time , the calculation case with more impurities is the easiest to open.It is conducive for the opening of dry gas seal to mod-
erately lower the inlet temperature of lubricating medium, and at the same inlet temperature , the higher the impurity content

in carbon dioxide gas,the more difficult it is to open the dry gas seal. When the balance ratio is adjusted to a proper value,
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the dry gas seal can realize the static pressure opening,and it is easier to achieve the static pressure opening when the car-

bon dioxide gas contains impurities.

Keywords: carbon dioxide with impurities ;dry gas seal ; startup process ;opening critical rotational speed ; opening force
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Fig. 1 Structure of spiral groove dry gas seal
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Table 1 ~ Compositions of the multi—component CO, mixed gas and component content

I JE Co, N, Ar CH, 0, H, co
casell '’ 0.949 23 0.014 1 0.012 1 0.006 261 0.008 007 0.008 175 0.002 127
case2'® 0.85 0.058 0.044 7 0 0.047 3 0 0
case3!'" 0.756 7 0.156 3 0.024 5 0 0.062 5 0 0
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Abstract : Fiction heat and temperature change affect the precision of high—temperature self-lubricating rolling bearings
at high temperatures by changing the bearing clearance.In order to investigate the influence of bearing material physical
properties and matching on bearing clearance at high temperature ,based on the theory of heat conduction, a high—tempera-
ture self—lubricating roller bearing clearance change calculation model was established. Nano colloidal TiO,/cermet high
temperature inner gradient lubrication layer material was used as high temperature rolling bearing roller material , and the
effectiveness of the model was verified by the high —temperature rolling bearing clearance measurement experiment. The
effects of frictional heat,environmental temperature changes and different material pairs on the working clearance of roller
bearings were analyzed.Studies show that the change in the working clearance of a roller bearing increases with the rise of
the ambient temperature. Compared with the change in the clearance caused by the change in the ambient temperature , the
frictional heat has a smaller effect on the change in the clearance of the bearing. When the lubricating bearing pair is made
of bearing steel material for the inner and outer rings, and the rolling elements are made of microporous ceramics, the
clearance changes greatly. When the self-lubricating bearing pair is made of ceramic materials for the inner and outer rings
and the rolling elements are made of microporous ceramics, the clearance changes smaller.
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Fig. 3 Sample of self-lubricating bearing
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Fig. 6 Variation of bearing clearance at different temperatures
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Performance of Spiral Groove Liquid Film Seal under
Rotor Whirling Condition

SUN Xinhui' WANG Mingyang' LIU Huaishun' WANG Zengli'
HAO Muming' LI Ning> YUAN Junma® WENG Zewen’
(1. College of New Energy, China University of Petroleum ( East China) ,Qingdao Shandong 266580, China
2. AECC Hunan Aviation Powerplant Research Institute ,Zhuzhou Hunan 412002, China)

Abstract ; Based on the whirling characteristics of the rotor at critical speed ,the whirling trajectory of the rotor was ana-
lyzed.Because the rotating track of the center of the rotating ring follows the rotor,the model of the liquid film region with
eccentric rotating ring was established based on the circular moving track of the center of the moving ring.The finite differ-
ence method was used to discretize the generalized Reynolds equation,and the SOR iterative method was used to solve the
discrete equation to obtain the pressure distribution on the end face of the liquid film seal.The influence of the eccentricity
of the rotating ring on the performance parameters of the liquid film seal, such as the liquid film opening force, friction
torque ,leakage and cavitation rate,was discussed.The results show that with the increase of eccentricity,the groove area of
the inner diameter grooved seal ring decreases,which leads to the decrease of dynamic pressure effect and the asymmetric
distribution of seal face pressure.The opening force of liquid film and friction torque show a downward trend due to the de-
crease of seal ring surface pressure and uneven distribution.The leakage has a downward trend with the increase of eccen-
tricity , while the cavitation rate increases first and then decreases with the increase of eccentricity.

Keywords: spiral groove liquid film seal ;circular whirling;sealing performance ; cavitation
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Effect of Unloading Angle on Sealing Performance of Step Seal

WANG Kaihua' GUO Fei* XIANG Chong® WANG Xinhua'

(1. Department of Materials and Manufacturing, Beijing University of Technology, Beijing 100124 , China;

2. State Key Laboratory of Tribology, Tsinghua University, Beijing 100084, China)

Abstract: ABAQUS software was used to carry out the step seal finite element simulation analysis about the effect of un-

loading angle on the sealing performance.Based on uniaxial tension compression test for rubber and plastic material stress—

strain curve to define material properties, by establishing three analysis steps of initial contact, interference assembly and

direct fluid pressure loading to simulate the real working conditions of the step seal, the stress—strain nephogram and the

contact pressure distribution diagram of the sealing surface with and without unloading angle under different fluid pressure

loads were obtained.The axial force, friction were calculated to study the effect of unloading angle.The results show that the

existence of the unloading angle can obviously improve the deformation state of the step seal plastic ring,so that the waist

of the plastic ring will not sag inward ,but an tilt towards the direction of the unloading angle.The existence of the unloa-

ding angle will make the friction of the step seal become smaller,which plays a positive role in improving the sealing per-

formance ,reducing the mechanical loss and prolonging the service life.

Keywords: step seal ;unloading angle ;sealing property ; reciprocating seal ; friction
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Fig. 1  Step seal schematic
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Fig.2 The geometric model of two kinds of step seals: (a)

without unloading angle; (b) with unloading angle
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Table 1  Geometric structure parameters of

the simulation model

Z 0L Wl PTFE KiER3k
W& d,/mm 54.5 50 50
HME d,/mm 65.1 53.35
EIE B/mm 6.3
WRIE h/mm 7.55

Tosm Bl 6,/ (°) 0.2
e iE 6,/ (°) 0.9
A EAR d/mm 53
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Fig. 3 Geometrical structural parameters

of step seal with unloading angle
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Fig. 4  Stress and strain curves of rubber and PTFE ring
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Fig. 5 Meshing of two kinds of step seals: (a) without

unloading angle; (b) with unloading angle
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Fig.9 Cloud diagram of the maximum principal stress (left) and maximum principal strain (right) of step seal O-ring

without unloading angle (a) and with unloading angle (b) under 35 MPa pressure
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ring contact surfaces of two kinds of step seal

structures under 35 MPa pressure
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Fig. 11 Cloud diagram of the maximum principal stress (left) and maximum principal strain (right) of the PTFE

stepped ring without unloading angle (a) and with unloading angle (b) under 35 MPa pressure
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Fig. 12 Contact stress distribution of PTFE stepped ring and
metal shaft of the step seal without unloading angle

under different pressures
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Fig. 13 Nephogram of step seal Mises stress (left) and maximum
principal stress (right) under different pressures: (a)

under 15 MPa pressure; (b) under 35 MPa pressure
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Fig. 14  Rotation displacement of two kinds of step seals
under 35 MPa pressure: (a) without unloading

angle; (b) with unloading angle
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Fig. 16  Contact stress distribution of two types of step seal PTFE stepped ring and metal shaft under
different pressures: (a) 5 MPa; (b) 15 MPa; (c¢) 25 MPa; (a) 35 MPa
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Performance Study of Casting Polyurethane Elastomer Retaining
Ring of O-ring under High Pressure

ZHAO Jingyi' ZHANG Yuhang' GUO Rui' TANG Yingda®’ PAN Yuxun® LIU Yao’
(1. School of Mechanical Engineering, Yanshan University , Qinhuangdao Hebei 066000, China;
2. My Fly Way Technology Limited Liability Company,Changshu Jiangsu 215500, China;
3. School of Mechanical Engineering,Shenyang Polytechnic College , Shenyang Liaoning 110045, China)

Abstract : In order to investigate the properties of a new type of cast polyurethane elastomer (CPU) as O-ring retaining
ring material ,a two—dimensional symmetrical model of O-ring and retaining ring was constructed by using finite element
analysis software.The performance of CPU material retaining ring in dynamic and static sealing state under 35 MPa dielec-
tric pressure was analyzed, and was compared with that of polytetrafluoroethylene ( PTFE) and thermoplastic polyester
elastomer (TPEE) material retaining rings.The results show that the contact stress and sealing length of O-ring matched
with CPU material retaining ring are slightly better than those of the other two material retaining rings, which can achieve
better sealing effect.The maximum deformation of CPU material retaining ring in static and dynamic sealing state is the
smallest, and the maximum von Mises stress of CPU material retaining ring is lower than that of the other two material retai-
ning rings.The CPU material retaining ring has higher reliability and longer service life, which can effectively prevent the
failure of O-ring such as extrusion and bite under high pressure.The bench test results show that the extrusion height of
CPU retaining ring is much smaller than that of TPFE and TPEE retaining rings , which verifies the correctness of the finite
element analysis results.It can be concluded that the new CPU retaining ring matched with O-ring can realize the dynamic
and static sealing of hydraulic cylinder.
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Fig. 4 Deformation of different material retaining rings under static
seal (mm): (a) CPU; (b) PTFE; (c) TPEE
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Fig. 5 Maximum deformation curves of different material

retaining rings under static seal
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Fig. 7 Contact stress of O—ring with different material
retaining rings under dynamic seal ;

(a) CPU; (b) PTFE; (¢) TPEE
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Table 4 Comparison of relevant indexes of retaining rings of

three materials and O-ring under dynamic seal
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retaining rings under dynamic seal
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Fig. 10 Maximum von Mises stress curves of different

material retaining rings under dynamic seal
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Leakage and Dynamic Characteristics of Labyrinth Seal
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Abstract: The design of the labyrinth seal teeth on the rotor or stator has a great influence on the performance of the
labyrinth seal.In order to reveal the influence mechanism of the rotor/stator teeth on the leakage and dynamic characteris-
tics of the labyrinth seal, a multi—frequency elliptical vortex solution model for the leakage characteristics and dynamic
characteristics of the labyrinth seal was established by using the unsteady dynamic grid technology.On the basis of verifying
the accuracy of the solution model , the leakage characteristics and dynamic characteristics of the rotor/stator teeth labyrinth
seal was analyzed ,and the effects of the two structures on the stability of labyrinth seal rotor system were discussed.The re-
sults show that the leakage of the labyrinth seals of rotor/stator teeth increases with the increase of pressure ratio,and de-
creases with the increase of speed at the range from 12 000 r/min to 24 000 r/min.The leakage of the Irotor teeth labyrinth
seal is always higher than that of the stator teeth labyrinth seal.The factor affecting the leakage of rotor/stator teeth laby-
rinth seal is the leakage area.Compared with the rotor teeth labyrinth seal,the stator teeth labyrinth seal has greater effec-
tive stiffness and effective damping.The tangential airflow force of the rotor/stator teeth labyrinth seal is opposite to the di-
rection of the rotor whirl ,both can suppress the whirl of the rotor.The tangential airflow force of the stator teeth labyrinth
seal is greater than that of the rotor teeth labyrinth seal.Therefore,the stator teeth labyrinth seal is more conducive to the
stability of the rotor system.

Keywords: labyrinth seal ;rotor seal teeth ;stator seal teeth ;leakage characteristics;dynamic characteristics ;rotor stability
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Fig.2 Labyrinth seal structure: (a) stator teeth labyrinth
seal; (b) rotor teeth labyrinth seal

B3 #HEHEILAIRSE (mm)
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Table 2 Influence of mesh density of stator

teeth labyrinth seal on leakage

5y 7 ik R s s Q,/ (kg - s™)
1 210 71 1.108 1
2 22475 1.104 8
3 23371 1.103 4

x3 MBEBEMNEFERETHERENN

Table 3 Influence of mesh density of rotor teeth
labyrinth seal on leakage
X143 77 12 R w0,/ (kg - s™)
1 210 71 1.077 2
2 22477 1.076 8
3 233 71 1.075 7
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Fig. 5 Relationship between pressure ratio and leakage
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(a) rotor teeth labyrinth seal; (b) stator teeth labyrinth seal
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Fig. 14 Vector diagram of the air force and velocity when the pre—spin ratio is 0. 2:

(a) rotor teeth labyrinth seal; (b) stator teeth labyrinth seal
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Simulation Analysis of Oil Churning Power Loss of
Marine Reducer Based on MPS Method

WANG Bin'*  ZHU Jianxing'? SONG Qiuhong' ZHANG Jun' CAO Yu'’

(1. College of Engineering Science and Technology, Shanghai Ocean University , Shanghai 201306, China;
2. Shanghai Engineering Research Center of Marine Renewable Energy,Shanghai 201306, China)

Abstract: To study the influence of heeling angles on the lubrication flow field characteristics and the variation law of
the churning power loss of ship,based on the Moving Particle Semi—implicit method , the lubrication flow field characteris-
tics of marine reducer of eight kinds of conditions were analyzed.The results show that,under same input shaft speeds, ini-
tial lubricating oil volume and heeling angles, the lubrication performance of the marine reducer is better in the moving for-
ward condition than in the backward condition.The high—speed splashed oil in moving forward condition is mainly located
in the meshing zone between the output gear and the transmission gears, while the high—speed splashed oil in the backward
condition is mainly located at the intersection of the splashed surface and the circumferential surface of the output gear.By
analyzing the variation of the number of particles on the initial liquid surface under different working conditions, it is found
that the number of particles splashed in the gearbox is the largest and the lubrication effect is the best when the heeling an-
gle is 30°.The oil churning power loss of the gear increases with the increase of the heave angle. At the same heeling angle ,
the fluctuation range of the oil churning power loss in the moving forward and in the backward conditions of the marine re-
ducer tends to converge,and their mean values are roughly the same.

Keywords: marine reducer ; heeling angle ; flow field characteristics ;lubrication performance ;oil churning power loss
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M A £ 2R 5 M RHA AL, BN SH
W1,

®1 MABRERERSH

Table 1 The basic parameters of gears of marine reducer
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Fig.2 Moving transmission of marine reducer
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Fig. 4 Velocity field distribution under different heeling angle in moving condition
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Fig. 5 Velocity field distribution under different heeling angle in backward condition
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Effect of Ionic Liquid on Tribological Properties of Epoxy Resin

WU Zhicheng GAO Xiaohong WANG Yanming LI Ping

LI Zongqi

ZHANG Xiaoliang CHE Hongwei

(Hebei Modified Plastics Technology Innovation Center, Hebei Engineering University,
Handan Hebei 056038, China)

Abstract . In order to investigate the effect of ionic liquid(IL) on the curing process and tribological properties of epoxy

resin , epoxy resins refined with IL ( 1-butyl-3-methylimidazolium hexafluorophosphate) were prepared.The dispersion of
IL in epoxy resins was investigated with the methods of FT-IR ,H-NMR and SEM-EDS.The influence of IL content on the

dynamic mechanical properties and tribological properties of the composites was discussed. The results demonstrate that

there is no chemical reaction occurred between IL and epoxy resin or curing agent.lonic liquids are evenly distributed in

epoxy resin and from a homogeneous system with epoxy resin.Acting as plasticizers, IL has important impact on mechanical

and tribological properties of epoxy resin. With the the increase of IL content,the hardness,bending strength and modulus

of the composites increase first and then decrease.The friction coefficient of the epoxy resin is significantly reduced by the

addition of IL,but the anti—wear performance decreases slightly. Composites with mass fraction of 10% IL display better

properties of friction reduction and wear resistance.

Keywords: ionic liquid ;epoxy resin ;tribological properties ; composite ; mechanical properties
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Lubrication Analysis of Cylindrical Roller Bearing
Based on Multi—parameter Coupling

DAI Mingyang'®> TAO Yourui'?
(1. College of Mechanical Engineering,Hebei University of Technology , Tianjin 300401, China ;2. State Key Laboratory
of Reliability and Intelligence of Electrical Equipment, Hebei University of Technology, Tianjin 300401, China)

Abstract ; For the lubrication of rolling bearing, the influence of bearing surface roughness and solid particles on lubri-
cating oil can not be ignored, so it is necessary to modify the Dowson—Higginson( D—H) equation.Considering the coupling
effects of surface roughness,solid particles, bearing dynamics and multi—scale parameters of roller modification , the numeri-
cal solution of complex lubrication model of cylindrical roller was established and solved ,and an improved formula of mini-
mum film thickness based on D—H formula was proposed.By using bearing dynamics to solve the actual load and velocity of
roller, combining with finite length rolling bullet flow lubrication and considering surface roughness and micropole fluid
effect , a finite length elastohydrodynamic lubrication model was established, and an improved oil film thickness equation
was derived.The results show that there is “end face effect” in the lubrication of cylindrical roller bearings,the minimum
oil film thickness and the maximum oil film pressure appear at both ends of the roller,and this phenomenon can be im-
proved by the design of roller convexity.The results of numerical examples show that the improved film thickness equation
has higher accuracy.This equation accurately and comprehensively describes the actual lubrication condition of cylindrical
roller,and can provide theoretical and analytical tools for its structural design, processing method , transmission efficiency,
lubrication characteristics , fatigue life and reliability research.

Keywords: cylindrical roller bearing; solid particles ; surface roughness ; elastohydrodynamic lubrication ; minimum film
thickness
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Fig. 1  Schematic of roller bearing

MRYGIE 1, AT A5 AR IR 115 N S 8 A X gl
&

V,=(R,~R,) (0-0,)-R o, (1)

V,= (R,*R)) w, -R.o, (2)

BT 5 NS Z 8] 1) 48 W B

UV=%(Rm—R,_) (0-w,)+R o, (3)

U =L(R +R L 4
0],—?( + l_)wc+? O (4)

A TAR A o o5 A Rl RSN R R 5G9 6
TR jFRRETHME, WE 1R, RIETHNO
ST, W B SR

e EIRSHR N — T 1

_ ] : _ U,
=ty oy sy sy g 2T
Y ER, " Y ER, " Y ER, Y Y E'R,

(5)
Xrbe o, MW MR R B Ry S Rk s A

%,Ezﬁ%,E%Mﬂ%%ﬁﬁ%,A%mmmo
1.2 BF2ho
FRARE ] 2 T R o) B T R
W=Qw+220w%% (6)
ST, Q0 5 T PV I 2 I A AR
91, BVRREIR TR BT 0,0 BT



2022 4F55 3 HH

WA PRAE . JET 22 MO A 1 PR IR 7 RhR I i A7 65

IR Z BB ST 5 o, Fn5 j SR TIMALA

K2 #®TZIinh
Fig. 2 Roller force distribution

ARSI R ANE

u,

5{‘005¢j—j=8v,+50j (7)
2(1-12)7"0Y

ay=3.81[ T } z"; (8)
2(1—)12) 0.90219

60]:3.81[ s } z“-J" (9)

Q,=0,+mR ! (10)

e &, o il 7R ] Bt A4 il 22 JE 5 1 ) v O fir
By u, SRR [P E BT, 6,701 6,70 3l 2 7 4 el Al
SMERYHE I s | MR TR, m HRANERT
ik 8

MR ) Fis Y

P,=18.4x(1-y) ¢ UY (11)

P,=18.4x(1-y) ¢ U" (12)

L. CHMEZSE, G=ak', o NEERL;
U U R —EWGERE , H (5) L

MHURIZFN, T RE T SR Z R E )
WK, R EEEET (SRAES10) N

: VLY
F=-9.26 U0+ (13)

166U’
7 - 1 .@0:‘3
F,==9.26"U) +—"—"— (14)
0.6 770.7
1.6G6"°U"
Ko, VRV, R, B (5) i
%:; qu:u [ijyiéw—‘iqﬁa %éiﬁﬁD‘F‘lg‘o

i . . 2y 12
[i' = Zf l]exp qu. 1 - - dx (15)
Y 0 Y 4q.

i

I, = 2J4q(y-exp {qu. {1 - (x” } dv  (16)
0 4(]‘,].
Kifr: g, =4/0,/(2m) 5 q, =+/Q,/(2m) 5 Q, H

0, I — PR AT

-~
Qij_lE,Ri (17)
p QQ/
on_lErRo (18)

1.3 Shh5aER
HEREIX, mMTFELNETREINEE L, L

AR T AR TAMNEER M s N 0, 28 3 X
T e 2 o B Sy

1+y
=,

%
A, Thr u 25 0 XA &,
S WIX KR TFAER BN 7 0] LA 1857 R
P, +F, —F, =0 (20)

Ao, F, T XA R R T 1 R — 1k
7, Fiklh
qu
F, :ﬁ (21)
TER T2 8K, R IR 0 AR 1 S A
s MRS S AR T AT A

w
u

(19)

}‘7 nF, ”

e (22)

K. n, AT BXWEFDE; Z A ET L
MR

XFRZEERRET, HE 2 R TIERS T
ti] b i )P A 5 A

- _ R - -
Pio+Fi0_RT(_j(Poo+Foo+Fd) =0 (23)

T AT, AL 2 PR AR SR T [ Y
891, AIRHE T AT RN

_ RU .
FytpFo=0 (24)

Lt (1) — (10) R4 K i
HAER g 6, F1 Q. AT (19) — (24) 4 nihlik
e AR R, UE T4 HER o, o,

w, FIF,, o FEEERAE R R G R A S5

LS B R R X I NiR T NES | IR W=V
(1), (12), (13) F (14), W5 45 & A X
(19) — (24) #HERX (25) AL (26),



66 5% E RS
037107 Vil Q" {)(pf(]V,lr,h) apj 9 (pf(N’l[’h) 8pj
9.2(1-2 G U, - e [ I T [ ———
( Y) i0 +l.6GO'6U?[;7 ox n dx) 9y n dy
R, Vol Q% d(ph)
R 02(1s 2 E U 2 S 20, = (2%
9.2(1_‘_2}/) G—o.3Uo(.)7] =0 (25> it"l" P %ﬂﬂ#ﬁ{mﬂﬁﬁfﬁ (kg/m3) HE | y‘]/lf]{'%{ﬂﬂ
VoI ZhEE (Pa-s); p MIMEEE T (Pa); u, AW IR
—9.20’0'3U?(;7+1 6OGz6lj°7+ (m/s); h RTEMAEE (m); NE2ERN—3H,
X VI“ﬁ HOMHREEL, R ERMIR T &ttshmramshaly
R"':_9'2003U267+1 6063?;07} =0 (26) FRIFE, M N T 0, ks irft S f shit

2 ZEAREMMRREERE SRS
2.1 BT IUTHEAR

TR RRE R AN Z X0, [REPRLRS
JE 5 7 R B A A R — B R b, S AE SRR e
SALIE N 7 PSR THDMLRE B2 s, RRE R T 7R 1 S
ot 2 T 1) VR T 22 ] B T T S — AR - SRR
2 AR E ¥, AN 3 s R 7R F B9 JLAn] 55 8 S [
B, R, HE I E R R R, R BRI
B 2]y BAYEEES, v, BVE T EE A e 2] «
WrORERY, R, MR T NEREAR, 1 TR T A R
KB, r WEFILEIREERE, 8 HIEFIE,

B3 BHE T L ay

Fig. 3  Geometric model of cylindrical roller

I, V&5 1 2 (8] B0 46 (e Bk

d(x,y)=R VD’

D=./R-y’-(R-R,), |y|<l/2-l, (27)

D=R +v/r=¢ ,1/2-1 <|y|<l/2

Arf: R =[8+(L-21,)/41/(28); e=|y|-y.;
y.=(1/2-1,) (1=/R ) ;R =/ (R ~r)*~y. =(R -R,) .
2.2 FRRIAEEA

TG BRA TR 1 B L AT T i () T, X L 2
FNR T HRE A K7 1) b By 2 AST7 ] R
ANy Jrim LR, Hox Oy ) b A N kA AR
k. FULAT A3 e RS I W A T T AR

T RRfaRE . Zettsha T IR AL N £ LY Navier—Stokes
TR L ORHER R DR B AR T RO A R A
B Z B AR EAE R, ESEM0 TEIE i 8O PR &
PET

N=X/(2u+X)"?

L=[y/(4u) 1" (29)

Nh
AN, h)= h3+121f2—6lehzcoth(2lJ

TERE T AR RE A NF

2

h(x,y)=h0+£+d(x,y)+v(x,y)+s(x,y) (30)

x

Kb by AR O BEE; s (x,y) MR ETH
RERERR AL, v (w,y) R MBI ST, o(x,y) =
2 p(x'y")

’ITE’J;ZT (x—x’)2+(y—y’)2

TGRSR p tHEH RS, HItRE AKX

mF.

n=n0exp{(lnn0+9.67) [—1+(1+pjz:|} (31)

Po

0.6p
=p,| 1 2
p po( +1+1-7p) (32)

b m, WM R p, 4T ) U6

dx'dy’

1. L A B B, R
w=[[pCey)dudy (33)

3 HiEH®

T T TSR RO BT S, R R TR
K, B, TR R AR R
R BT IARE, TERRGE TR, BRI
PSR S BRI R, TR, B R S 123
T LSRR AR I B

HRARIE] 4 J 3 AOE PR AR 435 1 A by
F) B A BRI B 5 A A BB B AR A Q. B e
R ] I 6, FIEE BT O, ORI AR (7) —
(10) *h, SRJF FHA= U3 26 PO A, 3 2ok 4 )



2022 4F55 3 HH

WA PRAE . JET 22 MO A 1 PR IR 7 RhR I i A7 67

Bis, K/, M0 (6) AWM ZE/NT 107/, H
FERWCSL, S O BRI T A R L, AR
PR AN, X (25) M= (26) MR NIRER
B8y B w, MR T 0 5% 3 W, * H Levenberg —
Marquardt J5 23R it i AR et o7 #, H 3 /MR 22 /)
F 107",

K4 flURSAT R R

Fig. 4 Flow of bearing dynamics calculation
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Fig. 5 Solving process of finite roller

elastohydrodynamic lubrication
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Table 1  Bearing parameters and working conditions
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Fig. 6 Roller load distribution
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Fig. 9  Effect of micro polar fluid parameters on lubricating oil
film thickness distribution; (a) film thickness
distribution of normal fluid; (b) film thickness
distribution of micro polar fluid; (c¢) film

thickness distribution at X=0
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Fig. 10  Effect of micro polar fluid parameters on film pressure
distribution: (a) film pressure distribution of normal
fluid; (b) film pressure distribution of micro polar

fluid; (c) film pressure distribution at X=0
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Fig. 12 Influence of convexity change on oil film thickness and pressure distribution: (a) oil film thickness distribution;

(b) pressure distribution; (c) oil film thickness distribution at X=0; (d) pressure distribution at X=0
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Table 2 Parameter range

S BE S5 HiH
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Table 3  Fitting data of minimum film thickness equation
W/N U/(m-s™") G o/ pm l N 8/mm How/ b0 W% e/ %
HHEE A H

5 000 0.1 5 160 0.1 0.1 0.1 0.01 0.758 0.648 14.61

7 500 0.3 5 160 0.225 0.4 0.4 0.01 1.05 0.972 6.97

10 000 0.5 5 160 0.45 0.7 0.7 0.01 1.29 1.23 4.49

10 000 0.3 5 160 0.225 0.1 0.7 0.015 0.792 0.797 -0.63

7 500 0.1 5 160 0.1 0.7 0.4 0.015 0.540 0.515 4.46

5 000 0.5 5 160 0.45 0.4 0.1 0.015 1.80 1.95 -8.44

5 000 0.3 5 160 0.225 0.7 0.1 0.02 1.40 1.38 1.77

7 500 0.5 5 160 0.45 0.1 0.4 0.02 1.25 1.32 -5.07

10 000 0.1 5 160 0.1 0.4 0.7 0.02 0.519 0.569 -9.71

10 000 0.1 5 160 0.225 0.4 0.7 0.02 0.458 0.458 0.00

7 500 0.5 5 160 0.45 0.4 0.1 0.02 1.20 1.29 =7.13

5 000 0.3 5 160 0.45 0.4 0.4 0.02 1.40 1.46 -4.63

5 000 0.3 5 160 0.1 0.4 0.1 0.02 1.47 1.38 -6.54

7 500 0.1 5 160 0.1 0.4 0.7 0.02 0.757 0.817 -7.98
SR TR 3430, MFARBALED, BHLE, BH
H,, = 201300060 o (1 (L 5 L 20011 24 5 10 M b = 3
0 QG040 0047 (0468 . ~0.717 0,554 53,068 50240 ) (36) M, XOEATTREGRR, P A A e R iR 251

TESCPR AR, SR fa7 S B AL 3 45 258 TR A9
12 HEHRAG B0 MRS AR A ME R M, 45 SR 036 4 B,
BRIEEN T 14%, B/NEZEHN0.65%, FHiEE

AT, R, BROREESSL, /MBI
1012 I B SR AEAB (RE — i i B

®4 BHBHSNMNEERKXUSHIE

Table 4  Fitting data of improved minimum film thickness formula

W/N U/(m-s") G o/pm l N 8/mm Hus/ b0 W% e/ %
HEE WA
7 500 0.25 5160 0.18 020 020 0.020 0.868 0.806 7.14
5400 0.30 5160 0.24 050 032 0.015 1.32 1.34 1.52
8 000 0.45 5160 0.40 0.60 022 0.012 1.09 1.13 3.67
6 400 0.32 5160 0.25 054 027 0.018 1.19 1.15 3.36
7 800 0.17 5160 0.30 035  0.15 0.015 0.567 0.590 4.05
5 800 0.42 5160 0.27 0.13 036 0.017 1.54 1.53 0.65
7 400 0.35 5160 0.38 047 026 0.013 1.02 1.03 0.98
9 200 0.33 5160 0.16 053  0.15 0.016 0.845 0.787 6.86
9 400 0.3 5160 0.30 0.64 055 0.010 0.870 0.851 2.22
7 900 0.47 5160 0.41 037  0.65 0.013 1.38 1.41 2.15
8 500 0.23 5160 0.36 0.68  0.60 0.019 0.825 0.845 2.31
5 800 0.13 5160 0.19 024 055 0.014 0.860 0.807 6.20

Average error | & | 3.43
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Table 5 Method calculation comparison

WiRES /MRS H | /pm
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Fig. 13 The influence of random parameter standard deviation
on lubrication reliability; (a) the influence of load
standard deviation; (b) the influence of speed

standard deviation
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Surface Modification of Polydimethylsiloxane and Its Effect on
Evaluation of Milk Lubricating Properties

ZHANG Zitong' HUANG Yating' LI Lianliang' WANG Weigi’

(1. School of Artificial Intelligence , Beijing Technology and Business University, Beijing 100048 , China
2. State Key Laboratory of Tribology , Tsinghua University , Beijing 100084 , China)

Abstract ; Studies of “oral tribology” have attracted growing interests in food industry. However,there is a problem that
the properties of the simulated oral material ,the poly dimethylsiloxane ( PDMS) is obviously different from the real oral
surface.The ultraviolet/Ozone treatment was employed for PDMS surface modification,and the influences of PDMS surface
properties on the evaluation of milk lubrication properties was investigated. The hydrophilicity, surface compositions and
surface topography were characterized with contact angle goniometer , X—ray photoelectron spectroscopy ( XPS) and Confo-
cal laser scanning microscope ( CLSM) respectively to identify changes of physical and chemical properties of PDMS sur-
face.The tribological measurement was carried out on the UMT-3 tribometer to evaluate lubrication properties of milk with
different fat content,and analyze the influence mechanism of surface physical and chemical properties of PDMS on milk lu-
brication characteristics.The results show that after UVO treatment for 1 h and 4 h,the contact angle is decreased from
110° to 82° and 60° respectively.The atomic ratio of oxygen vs.silicon on the PDMS surface is increased ,and a glass—like
Si0, film is formed to increase the hydrophilicity.The surface properties of the PDMS friction pair will affect the tribological
performance. Among them, the coefficient of friction (COF) of the hydrophilic PDMS surface is higher than that of the hy-
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drophobic PDMS surface.This is because the hydrophilicity of the PDMS surface after UVO treatment is improved , but the

surface roughness increases,adhesion strength of the protein is increased.The COF of skimmed milk is higher than that of

whole milk.This is because the decrease in fat content will affect fluid lubrication and film formation, resulting in an in-

crease in COF.The study contributes to better understand the mechanism of milk textural sensation and systematic ex vivo

evaluation of food taste.

Keywords: poly dimethylsiloxane ;surface modification ;lubrication properties ;oral tribology ; Ultraviolet—Ozone irradiation
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Fig. 1  Schematic of UMT=-3 friction and wear tester
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Table 1  Experiment design and parameters
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Fig. 2 Relation of contact angles with different exposure time
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Fig. 3 Typical friction coefficient curves (2 cycles, the dash lines indicate the position at 20% of peak value) (a), variation in

friction coefficient with respect to time at different working conditions (b), friction coefficient at different conditions (c¢) (HB

is Hydrophobic PDMS, fat means whole milk, HL is hydrophilic PDMS, nofat means skimmed milk, Water is pure water)
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P4 Bk PDMS Axfis A4 Wy 45 N Bt et 1] A2 4 i 26
Fig. 4 Variation in friction coefficient with respect to time

for hydrophobic PDMS and whole milk
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Fig. 5 Surface topography of untreated PDMS: (a) microscope
bright field photos; (b) surface height; (c¢) height

profile of vertical line position in figure (b)
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Fig. 6  Surface topography of PDMS with 4 hours UVO treatment :
(a) microscope bright field photos; (b) surface height;
(¢) height profile of vertical line position in figure (b)
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Fig. 7 XPS survey spectra of a pristine PDMS substrate
and PDMS after UVO treatment for 1 and 4 h
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Fig. 8 High—resolution XPS Si 2p scan of PDMS substrate

treated with UVO for various times
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Research on the Mixed Lubrication Characteristics in the
Working Zone of Aluminium Cold Rolling

WANG Wei' LI Xin' HUANG Jinzhe’
(1. School of Mechanical Engineering and Automation , Fuzhou University , Fuzhou Fujian 350100, China;
2. CHALCO Ruimin Co.,Ltd.,Fuzhou Fujian 350015, China)

Abstract ; In order to study the mixed lubrication characteristics in the working zone of aluminium cold rolling, based on
the average flow theory,a mixed lubrication model was set up for the aluminum cold rolling work zone in which surface
roughness was taken into consideration,and the correctness of this model was verified by data from related literature. The
lubrication characteristics of the whole working area was analyzed under the conditions of different rolling speed , viscosity,
front tension stress and post tension stress,and the effects of rolling process parameters on oil film thickness, contact area
ratio and stress distribution were studied.The results show that as the rolling speed increases, the rolling pressure will de-
crease to a certain extent,the contact area ratio will decrease and the oil film thickness will increase.The lubricant with
higher viscosity can effectively reduce the rolling interface friction and rolling force.The greater the lubricant viscosity , the
greater the oil film pressure.The effect of the front and post tension stress on interface friction is no significant and only the
rolling force on the corrsponding side is reduced.

Keywords: mixed lubrication ;rolling speed ; viscosity ; contact area ratio ;aluminium cold rolling
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Fig. 1 Schematic of lubrication of rolling process
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Table 1 Physical parameters of aluminum strip rolling
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Fig. 6 Lubrication characteristics in working zone under different rolling speed: (a) total pressure;

(b) fluid pressure; (c) real contact area; (d) film thickness; (e) friction stress
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Fig. 7 Lubrication characteristics in working zone at different lubricant viscossity: (a) total pressure;

(b) fluid pressure; (c) real contact area; (d) film thickness; (e) friction stress
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Fig. 8 Lubrication characteristics in working zone under different tensile stress: (a) total pressure;

(b) fluid pressure; (c¢) real contact area; (d) film thickness; (e) friction stress
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Study on Tribological Properties of Modified Edible Soybean
Oil Catalyzed by Novozym435
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Abstract ; In order to improve the anti—wear performance of edible soybean 0il(SO) as lubricant,a modified soybean oil
(MSO) was synthesized in a mild reaction environment by using enzyme Novozym435 as catalyst to carry out the epoxida-
tion of unsaturated fatty acids in SO with methanol.The structure was characterized by infrared and Raman spectrometers,
the thermal oxidation stability was investigated by synchronous thermal analyzer TG—DSC, and the friction and wear per-
formance of MSO was investigated on a four—ball machine.The scanning electron microscope, three —dimensional surface
profilometer ,and Raman spectroscopy were used to analyze the micro—morphology and composition changes of the frictional
spot surface.The results show that the acid value and iodine value of modified soybean oil decrease significantly,the satu-
rated fatty acid content increases,and the thermal oxidation stability is enhanced.The anti—wear performance of MSO is sig-
nificantly improved , the spot diameter decreases by 25.56% ,and the wear volume decreases by 54.18%.The excellent wear

resistance of MSO is mainly related to the content of saturated fatty acid,the excellent thermal oxidation stability and the
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ordered lubrication film formed on the wear surface.Due to the improvement of its thermal oxidation performance ,the action

time of the formed orderly lubrication film in the lubrication process is greatly increased,so as to more effectively resist the

wear in the friction process.

Keywords : Novozym435 ; modified soybean oil ; thermo oxidative stability ; tribological properties ;lubrication film
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SR FH L b AR 6 2T A0 56 3% (FTIR, nicolet
iS50) M2 ePE R e K Gl B SE A 250, Y A
LLAMNX (500~3 800 em ™), [AIAF4% GB 5009. 229—
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Table 1 Physical and chemical properties of oil samples
FESh MfAw/(mg-g')  BHw,/[g- (100 g) "]
SO 1.24 132

MSO 0.28 116

15 BUME K 2 it R BALAE T AT
K R 2 #4541 ( Simultaneous TG - DSC,
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R DU Bk EE R EE AR L (MS-10) T4l MSO
VE A R BE A2 fig , JF 5 SO A KL Wi iy
Wl (Mineral Lubrication Oil, MLO) #EA7XF b, {4
SR 1200 v/min, #ifaf 396 N, isfitE] 60
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2 Z#R5iTe
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Y25 R Sh I 2 851. 31 em Ak g M T B YA
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B 25 4R S S 2 5 2 851. 31 em ™ 4037 Y L f4 5
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O-H H#ERY 45 PR e 0 2TAMI AT E5 R W, SO
FAETHRARN, H MSO = C=C XU & 4
SO A Frg /b, [P 1 A5, MSO it Fig i
PR A 5 b SO B9,

1 SO HI MSO ML Ah A%
Fig. 1 Infrared spectra of MSO and SO

2.2 MSO # A AAEZ M A

SO 1 MSO 9 #AFa e Rtk DL IE 2, XF 1 19 1 2B
TR R IR R | B A A TIRL BE FD 9 E 28 1k o8 i T 152
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BRI T SO, F£W MSO # SO BA AL F g
EM

B2 SO Fil MSO Ry Flfst o P il 2k

Fig.2  Thermogravimetric and differential

TG curves of SO and MSO

2 SO FMSO AT AHIFES
Table 2 Thermal behavior characteristic
parameters of SO and MSO

T AMERGRER AR SMEZILRE
W R LC O REELC BB
SO 270 369 506
MSO 303 405 532

SO FI MSO A LA e Re ik WL 3, th KT A
BT A, HAETHERSRAAAE 3 B, S —
BB 2 AN AR D5 R . B R 7 R 1Y) AR Ak 4
fift s EB BB ORI NG I R 1 T KR AR 5 BN R
BrEP R AR LT L ATLAE Y, 7RSS KA
T, 2 4HIMEEAE 270~ 790 °C Z [AHRAETE 3 ikt B
AT SR, U BH AE DR e TR T R it J B[] N
W T KB, T SO T8 — B BE Y 43
MSO B R i g, TRAED, SO B & 2 AN
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Fig. 3 Heat flow curves of SO and MSO

x3 BOBRMBRMNEERBERREREE

Table 3  Temperature range and mass loss rate of each decomposition stage

BB

A

HE

HEHrE

XA 1,/°C  FEHERw, /%

EXIE 1,/C BRI KR w,/ %

XA 1,/C B kR w,/%

SO 270~366 74
MSO 303~370 65

366~414
370~421

15 414~506 11
23 421~532 12

2.3 BEFE
2.3.1 BB

Kl 4 fif7R -l MLO (B #3H) . SO I MSO Fi FE 2
PR30 s [ ) AR Ak T 28

P4 A [l ) EE 45 PR At 2k

Fig. 4 The friction coefficient curves of different oil samples
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5 AN[E) I i T 90K R B B 1 = 450
Fig.5 Three—dimensional surface topography of steel ball wear circular scar at

different oil samples lubrication; (a) SO; (b) MLO; (¢) MSO
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Bl 7 R S BB X I ) Raman
WG (a) SO; (b) MSO
Fig.7 Raman spectra of speckled areas after lubrication
of different oil samples: (a) SO; (b) MSO
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f2F 1 309. 64 cm™ ' &b ) CH, LA, 7T 1573.65 cm™
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Fig. 6 SEM images of steel ball wear surface at different BEXIR AL T 1 314~ 1 290 em ™ Ab 1Y CH, 2zl

oil samples lubrication: (a) SO; (b) MSO 1573.65 em™ b B C = C X5 A I 04 T 5%, TE
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Fig. 8 The microstructure of the film during

friction: (a) SO; (b) MSO
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Investigation on Static Load-bearing Characteristic of Wire-cut
Integrated Hydrodynamic Bearing Considering 3—-D
Deformation of Flexible Support

YIN Xuemei' JI Shuaicheng® ZHANG Yikui* LI Yijun® WU Chao® HE Wenbin®
(1. College of Energy and Power Engineering, Zhengzhou University of Light Industry,Zhengzhou Henan 450002 China;
2. College of Mechanical and Electrical Engineering,Zhengzhou University of Light Industry,
Zhengzhou Henan 450002 China)

Abstract; Based on analyzing the structural characteristics of the wire—cut integrated hydrodynamic ( WCI) bearing,
overlapping grid technology of CFD software was adopt to build up the numerical calculation modal of the bearing. Consider-
ing the three—dimensional deformation of the flexible support,the effect of the thickness of the bearing bush,the height of
the hinge support and the width of the support on the load—bearing characteristics of the WCI bearing was investigated by
use of the two—way fluid —structure coupling method. The results show that with the increase of eccentricity or rotating
speed , the bearing deflection angle decreases,and the viscosity resistance and load increase.Compared with not considering
the support deformation,the support deformation will reduce the rotational stiffness and radial stiffness of the pad,reduce
the bearing load of the WCI bearing,but can improve the static characteristics of the bearing.The width and height of the
flexible support have a greater impact on the load —bearing characteristics of the WCI bearing than the thickness of the
bearing bush.The bearing performance tends to fixed pad bearings through reducing its support height or increasing its sup-
port width.It provides a theoretical basis for the design of the wire—cut integrated hydrodynamic bearing.

Keywords: wire cutting integrated hydrodynamic bearings; load — bearing characteristics ; flexible support ; two — way

fluid-solid coupling
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Table 1  Calculation parameters of wire—cut

integrated bearing

L VESIR T2 G I TRBH e
AR /mm 40 SALES p./Pa 7 550
HUKSEE L/mm 50 || WEEE p/ (kg - m™”) 876
PARMIPR ¢/mm 0.08 W RE M 0.2

HEHkMA /(o) 72
FLHJREE B,/mm 5
YR h/mm 8
ORI B,/mm 1.5

HIZEEE w/ (Pa - s) 0.015
MR & E/GPa 211
MRS Ep /(kg» m™) 7850

MERAR 0.3
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Fig. 3 Comparison of calculation results with the results
of reference[ 12]: (a) variation of load—carrying
coefficient with bearing eccentricity; (b) variation

load—carrying coefficient with rotational speed
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Fig. 5 Influence of bush thickness on bearing characteristics: (a) variation of load with eccentricity and rotating speed; (b) variation

of deflection angle with eccentricity and rotating speed; (c¢) variation of maximum pressure with eccentricity and rotating speed
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(b) variation of flow rate with eccentricity and rotating speed; (c) variation of load with eccentricity and rotating speed
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Numerical Study of Elastohydrodynamic Lubrication for
High Speed and Heavy Duty Cylindrical Gear
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110015, China;3. School of Power and Energy, Northwestern Polytechnical University , Xi’an Shaanxi 710072, China)

Abstract: In order to study the performance of gears under high speed and over load, the compound direct iteration
method was used to simulate and analyze the lubrication state of high speed and heavy duty cylindrical gears in aero-
engine transmission system.The effects of different power,different rotational speed and different lubricating oil inlet tem-
perature on gear meshing zone pressure, oil film thickness and oil film temperature were studied.The results show that with
the increase of gear transmission power or the decrease of rotational speed ,the pressure in the meshing area increases and
the oil film temperature increases. When the gear keeps a high speed,the power has little effect on the oil film thickness.
Both rotational speed and power have an impact on the maximum temperature rise of the oil film,and power has a greater
impact on the maximum temperature rise. At low power,the maximum temperature rise decreases first and then increases
with the increase of rotational speed,while at high power,the maximum temperature rise decreases all the time with the in-
crease of speed,and at fixed speed,the temperature rise increases with the increase of power.Under the condition of low
speed and heavy duty,the oil film thickness is the thinnest and dry friction is easy to occur.The increase of inlet oil tem-
perature will decrease the pressure, film thickness and temperature rise.Therefore ,the appropriate lubricating oil inlet tem-
perature can make the gear contact area bear lower load and have thicker oil film.

Keywords: cylindrical gear;compound direct iteration method ; EHL line contact;high speed and heavy duty
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Table 1  Cylindrical gear parameters

e R 1A Y vE 12T SR
SR

m/mm a/(°) B/mm 0/(°)
43/30 2.5 25 10 0
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Table 2 Calculation parameters

)R P/kW i n/ (v - min™") IR 1/°C
192.5 28 442 145
173.25 25 598 140
154 22 754 135
134.75 19 909 130
115.5 17 065 125
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T A 1A 58 O T T O B S R AT A

2 B S5 RFNSCHRES R L
Fig. 2 Comparison between the numerical analysis results and
the results by literature; (a) pressure distribution of
numerical calculation; (b) pressure distribution by
literature; (c¢) film thickness of numerical calculation;
(d) film thickness by literature; (e) temperature rise

of numerical calculation; (f) temperature rise by literature
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Fig. 3 Effect of power on pressure and film thickness distribution and average temperature rise at rotational speed of 19 908 r/min:
(a), (c¢), (e) pressure and film thickness distribution at power of 115.5 kW, 154 kW and 192.5 kW, respectively;
(b), (d), (f) average temperature rise at power of 115.5 kW, 154 kW and 192.5 kW, respectively

P4 NIRRT D30 BRI ) e e/ IN R BE )R il
Fig. 4 Effect of power on maximum pressure and minimum film thickness under

different velocity: (a) n=19 909 r/min; (b) n=28 442 r/min

5 N[l R DA 0t e i i T A R

Fig. 5 Effect of power on maximum temperature rise under different velocity: (a) n=19 909 r/min; (b) n=28 442 r/min
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Fig. 6  Effect of rotational speed on pressure and film thickness distribution and average temperature rise at power of 192.5 kW, (a), (c),

(e) pressure and film thickness distribution at rotational speed of 17 065 t/min, 22 754 r/min and 28 442 r/min, respectively;

(b), (d), (f) average temperature rise at rotational speed of 17 065 r/min, 22 754 r/min and 28 442 r/min, respectively
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Fig. 7 Effect of rotational speed on maximum pressure and minimum film thickness

under different power; (a) P=134.75kW; (b) P=192.5 kW
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Fig. 8 Effect of rotational speed on maximum temperature rise under different
power: (a) P=134.75kW; (b) P=192.5 kW
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Fig. 9  Oil inlet temperature effect on maximum pressure, minimum film thickness and maximum temperature rise
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Analysis of Static Characteristics of Foil Journal Bearing with
Supercritical Fluid Carbon Dioxide

CHE Guozhi' YANG Qichao' TENG Bin' WEI Zhiguo®> GAO Zhicheng’
(1. College of Electromechanical Engineering, Qingdao University of Science and Technology, Qingdao Shandong
266061 , China ;2. No. 719 Institute , China Shipbuilding Industry Corporation, Wuhan Hubei 430064 , China;
3. Guangdong Zhikong Power Technology Co.,Ltd.,Foshan Guangdong 528216, China)

Abstract; The foil journal bearing used in the compressor of supercritical carbon dioxide (S—CO,) Brayton cycle was
taken as the research object, considering the actual physical properties of S—CO, in the near critical region, the finite differ-
ence method was used to solve the turbulent Reynolds equation with variable density and variable viscosity,and the elastic
foil deformation equation was coupled to calculate the gas film pressure distribution of foil journal bearing with S-=CO, as
lubricating fluid.The influences of physical properties of S—=CO, near the critical region on the bearing capacity and friction
torque were analyzed.The results show that the dramatic change of density and viscosity near the critical region has a great
influence on the bearing capacity and friction torque,and the closer to the critical point,the more significant the influence
is.Under the same pressure ,the bearing capacity and friction torque decrease with the increase of temperature, and under
the same temperature ,the bearing capacity and friction torque increase with the increase of pressure. With the increase of
eccentricity , the number of bearings and the aspect ratio of radial bearings,the bearing capacity and friction moment in-
crease , while the deflection angle decreases.

Keywords: supercritical carbon dioxide ;foil journal bearing;finite difference method ;physical properties ;static charac-

teristics
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Fig. 1 Schematic of dynamic gas bump foil journal bearing
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Table 1 Related parameters of dynamic gas journal bearings

R 1l
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HAREAR R/mm 17.5
BB C/mm 0.1
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Fig. 4 Flow for calculating the pressure distribution
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Table 2 Comparison of calculation results in this paper with those in literature[ 18]
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Fig. 5 Variation of density of S—=CO, with

temperature in near critical region
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Fig. 6  Variation of viscosity of S—=CO, with

temperature in near critical region
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Fig. 8 Dimensionless film pressure distribution
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middle section under different temperature
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capacity under different speed
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angle under different speed
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Fig. 19  Influence of the aspect ratio on bearing

capacity under different eccentricity
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Effect of Surface Morphology on Wear Reduction of 45 Steel
under Different Electrolyte and Electrolysis Time

HAO Jianjun LI Chao SU Hang YAN Xianguo CHEN Zhi

(School of Mechanical Engineering, Taiyuan Science and Technology University , Institute of Intelligent
Equipment and Control Technology , Taiyuan Shanxi 030000, China)

Abstract: In order to improve the surface wear resistance of materials,the effects of surface morphology generated by
different electrochemical machining parameters on the tribological properties of materials were investigated.Electrochemical
tests were carried out on 45 steel specimens to study the effects of electrolysis time on pit morphology and surface morphol-
ogy on the friction properties of 45 steel specimens,as well as the effect of surface morphology on the friction properties of
45 steel specimens under dry friction and lack of oil lubrication.The results show that the surface of the specimen becomes
smooth after electrochemical machining.There are randomly distributed circular pits,and the distribution density of the cir-
cular pits increases with the increase of electrochemical machining time.The wear volume of specimens under two friction
conditions has the same variation trend, which firstly decreases and then gradually increases with the increase of electro-
chemical machining time.When 20% sodium chloride is used as electrolyte, the surface pit diameter increases with the in-
crease of electrolysis time, but too long electrolysis time will lead to the deterioration of surface quality.It can be concluded
from the wear volume and friction coefficient obtained from the test that the best test group is the pit diameter range of 50
pm to 80 pwm and the depth range of 5 pm to 10 wm,and compared with 45 steel specimens without electrolytic treatment,
the wear volume decreases by 13% and 14% under dry friction and lack of oil lubrication condition, respectively.In the
mixed electrolytic solution of 20% sodium chloride and 10% sodium hypochlorite , the optimal 45 steel specimen is obtained
in the electrolysis time of 180 s, and the wear volume is reduced by 33% compared with the 45 steel specimen without
electrolytic treatment.

Keywords:; electrochemical machining ; surface morphology ; electrochemical machining;tribological properties
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Fig. 1 CFT-I normal temperature friction and wear tester
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Research on Sensitive Parameters of Combined
Seal under Rotating Impact Load
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(1. Petroleum Engineering Technology Research Institute ,Sinopec Northwest Oilfield Company, Urumqi Xinjiang 830011,
China;2. Sinopec Key Laboratory of Fracture—cavity Reservoir Enhanced Oil Recovery,Urumqi Xinjiang 830011, China;
3. School of Mechatronic Engineering, Southwest Petroleum University ,Chengdu Sichuan 610500, China)

Abstract ; The sealing of the drive shaft assembly of the impact screw drilling tool is very easy to fail under the coupling
of high temperature and 3—D compound motion, which limits the popularization and application of the impact screw drilling
tool.In order to study the sealing characteristics and parameter sensitivity of the drive shaft assembly under the coupling
effect of high temperature ,high speed and reciprocating motion, the contact surface formed by the shaft and the slip ring
was defined as the main sealing surface,and the contact surface formed by the O-ring and the groove bottom was defined
as the secondary sealing surface.Based on the contact pressure of the main sealing surface , numerical simulation was per-
formed on the relevant parameters that affect the sealing characteristics of the combined ring,and the influence of friction
coefficient, O—ring diameter,carbon fiber content and reciprocating speed on the sealing performance of the combined ring
was studied.Studies have shown that with the increase of friction coefficient,the contact pressure and Mises stress of the

primary and secondary sealing surfaces in the pre —compression state increase, the contact pressure of the primary and
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secondary sealing surfaces in the static seal state decreases,and the Mises stress of the slip ring increases.In the dynamic
seal state,when the friction coefficient of left and right stroke is 0. 01,0. 02,0. 03, the contact pressure fluctuation range is
small. When the friction coefficient is 0. 04, the contact pressure fluctuation range is larger.lt is reasonable to recommend
that the friction coefficient is less than 0. 04.As the diameter of the O-ring and the carbon fiber content increase ,the con-
tact pressure of the primary and secondary sealing surfaces and the Mises stress of the O-ring and slip ring in the pre—
compression state increase ,and the contact pressure and Mises stress of the primary and secondary sealing surfaces in the
static and dynamic sealing states increase. With the increase of reciprocating speed ,the average contact pressure of the pri-
mary and secondary sealing surfaces in the right stroke is larger than that in the left stroke.The contact pressure of the left
stroke shows a decreasing trend ;on the contrary,the average value of the contact pressure and the stress difference between
the left and right strokes increase.The research results provide guidance and reference for the selection and use of sealing
rings of impact screw drilling tools in the future.

Keywords: impact screw drilling tool ; combined seal ; Mises stress; contact pressure; sensitive parameters ; rotating im-

pact load
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Fig. 1 The sealing structure of the drive shaft assembly

of the impact screw drilling tool
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Fig.2 Experimental equipment: (a) heat aging equipment;

(b) uniaxial stretching machine
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Table 1 Yeoh constitutive model parameters at

different temperatures

ENITE 25 C 70 °C 130 C
C,, /MPa 1.253 1.533 1.508
C,, /MPa 0.05 0.088 0.573
C,, /MPa -0.000 4 -0.001 4 -0.001 0
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AN S 2,
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Table 2 Materials and mechanical parameters

of the sealing structure

i W (UER OBE(ET

(42CrMo) VU ZH) )
A
212 960
E/GPa
MEL /N4 0.28 0.45
R p/
. 7 850 2320 1 200
(kg - m™)
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Fig.3 Finite element model of combined seal
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Fig. 4  Grid independence verification; (a) verification of
the independence of the combined circle
grid; (b) comparison of simulation

results with experimental results
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Fig. 5 Stress distribution of static seal simulation
(a) pre—compression Mises stress distribution
(b) pre—compression contact pressure distribution ;
(c) static seal Mises stress distribution;

(d) static seal contact pressure distribution
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6 shEEATRE MR T4 A
Fig. 6 Contact pressure distribution of dynamic seal stroke
(a) Mises stress distribution of left stroke;
(b) Mises stress distribution of right stroke ;
(¢) contact pressure distribution of left stroke;

(d) contact pressure distribution of right stroke
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Fig. 7 Variation of contact pressure of CS1 sealing surface under different friction coefficients:

(a) time history of contact pressure; (b) contact pressure average values
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Fig. 8 Variation of Mises stress of slip rings under different friction coefficients

(a) time history of Mises stress; (b) Mises stress average values

K9 ARFEEEFEET 0TI Mises i 1281k

Fig. 9 Variation of Mises stress of O-rings under different friction coefficients;

(a) time history of Mises stress; (b) Mises stress average values
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B 10 RIF O JERE EAR T CS1 % Th He fi I 3 22
Fig. 10 Variation of contact pressure of CS1 sealing surface at different O-ring diameters

(a) time history of contact pressure; (b) contact pressure average values

B 11 A[E O 2 RBIEAR T U 2F Mises v 1284k
Fig. 11 Variation of Mises stress of slip rings at different O—ring diameters ;

(a) time history of Mises stress; (b) Mises siress average values

12 A OB HZT 0 JEI Mises b 17424k
Fig. 12 Variation of Mises stress of O-rings with different diameters:

(a) time history of Mises stress; (b) Mises stress average values
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Table 3 Mechanical properties of PTFE with different

carbon fibermass fraction

TREF A w/ % SRPERSR E/MPa THA
15 420.25 0.449 1
20 477.03 0.446 2
25 561.60 0.445 5

] 13 BT e AN )Rk 27 4 5 5 50 20T CS1 % B i
e R AR RS R, IE 13 (a) WAL, fHfTRR
M R ) R IRE B sl AR b, ASFIRRET 4 J s - 80T
Pz fl R ) AR ACRUEE AR R] 5 RRe2T 4 5 d 1 el i T B2
PEfl R ) 2 E I K, I REEfE I R Pk 5
MPa, % EA%, HE 13 (b) ATH, £, HiTHE
F i F 7~V Y B 2 18 B A e 2 48 S5 4k 4 B0 T e 1
WK, AR EME T —ERTFAIR, R
Pefph 1 ¥ TR E J1 5 MPa, BESEERZ £,

13 R[RIRRET 4Tt /r BT CS1 % B T i & ) A2 1
Fig. 13 Variation of contact pressure of CS1 sealing surface at
different carbon fiber mass fraction; (a) time history of

contact pressure; (b) contact pressure average values
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14 R[EBRET4E BT R 5380 T 35 Mises IV 17424k
Fig. 14 Variation of Mises stress of slip ring at different carbon
fiber mass fraction: (a) time history of Mises

stress; (b) Mises stress average values
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Fig. 15 Variation of Mises stress of O-rings with different carbon fiber mass fraction:

(a) time history of Mises stress; (b) Mises stress average values
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Fig. 16  Variation of contact pressure of CS1 sealing surface at different reciprocating speeds :

(a) time history of contact pressure; (b) contact pressure average values
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Fig. 17 Variation of Mises stress of slip ring at different reciprocating speeds ;

(a) time history of Mises stress; (b) Mises stress average values
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Fig. 18 Variation of Mises stress of O-rings at different reciprocating speeds

(a) time history of Mises stress; (b) Mises stress average values
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Effects of Cavitation on Flow Characteristics and Sealing
Properties of Cryogenic Floating Ring Seals

ZHANG Qi YE Xiaogiang
(Beijing Aerospace Propulsion Institute , Beijing 100076, China)

Abstract: In order to study the flow characteristics and sealing properties of single phase and two—phase cavitation flows
under typical working conditions,the numerical simulation of cryogenic floating ring seals with transitions was carried out,
and the features of pressure distribution of rotor face ,axial and circumferential direction in the seal clearance were compared
and analyzed.The effects of inlet pressure,inlet temperature ,eccentricity and speed of rotor on leakage rate,flow loss coeffi-
cient,seal force and angle of displacement under single phase and two—phase flow conditions were investigated.The results
show that under concentric state,the flow fields of single phase flow and two—phase flow are symmetrical.Under eccentric
state ,the pressure at larger clearances is lower than that at smaller ones in single phase flow,but greater in the vicinity of
seal exit when two—phase is applied,resulting in a lower extent of cavitation near the larger clearance.The leakage rate and
seal force both increase as rotor speed decreases or inlet pressure and eccentricity increase,and the characteristic values of
two—phase flow are lower than those of single phase flow.The leakage rate and seal force both increase as inlet temperature
drops in two—phase flow,while the corresponding values of single phase flow are not affected by the change of temperature.
The angle of displacement of single phase flow is little affected by the changes of various parameters,indicating the direction
of seal force is always in close proximity to the position of minimum clearance.While the fluctuation of the angle of displace-
ment of two—phase flow is relatively large ,and it intends to intensify with the increase of inlet temperature.The inlet flow loss
coefficient of single phase flow increases slightly as eccentricity decreases or inlet pressure and rotor speed increase ,while the
inlet flow loss coefficient of two—phase flow is more sensitive to the changes of various parameters.

Keywords ; cavitation ; floating ring seal ;typical working condition ;flow characteristics ;sealing properties
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Fig. 1 Geometrical model of floating ring seal: (a) three

dimensional diagram; (b) two dimensional diagram
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Table 1  Geometrical parameters of floating ring seal
it H Bl
WHBKE L/mm 9
OB L, /mm 1.5
W BAKEE L, /mm 3
B3R (+y Jrli) & 0~0.8
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Table 2 Settings for boundary conditions
i i
#E 0 EJE p,/MPa 0.3~1.0
AR T, /K 85.90.95
H H# ) p,,/MPa 0.15
e/ (r - min™') 0~25 000
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Fig. 2 Detailed mesh
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Table 3  Data of mesh independence

LR OFmESE BHERSEAM/mn BER FRRgSR BRI B RERE MR g/ (g-s™)
Meshl 61 200 0.004 1.20 18 47.442 9 0.006 07 3.378
Mesh2 83088 0.004 1.15 18 32.919 0.006 48 3.378
Mesh3 101 088 0.004 112 18 32.281 7 0.006 88 3.379
Mesh4 125 892 0.004 1.10 18 32.281 7 0.007 16 3.379
MeshS 134 208 0.003 1.12 18 43.136 9 0.008 78 3.375
Mesh6 95 940 0.005 1.12 18 25.638 5 0.005 38 3.382
Mesh7 127 776 0.004 1.12 22 29.455 6 0.006 96 3.378
Mesh8 81312 0.004 1.12 14 41.285 7 0.006 50 3.377
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Fig. 3 Contour of velocity near the entrance of seal (a) and

vectorgraph of velocity near the exit of seal (b)
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Fig. 6 Comparison of pressure distribution of rotor

(single phase): (a) €=0; (b) £=0.6
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Fig. 7 Comparison of pressure distribution of rotor when

(£=0.6): (a) cavitation; (b) single phase
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Fig. 10  Cavitation around the seal exit at min clearance when £=0 (a), min clearance when £=0.6 (b),

max clearance when €=0 (c¢), max clearance when £=0.6 (d)
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axial locations when €=0 or £=0.6
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Fig. 16  Density distribution around the seal exit at max
clearance when p,, =0.5 MPa. (a) T, =
85K; (b) T,=90K
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Fig. 17 Volume fraction distribution around the seal exit

at max clearance when p, =0.5 MPa.

(a) T,=85K; (b) 7,=90 K
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Fig. 18  Volume fraction distribution around the seal exit at min
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(b) T,,=90 K
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K19 T, =85, 90 K W3 £S5
Blifi LR B (A S = 4k)

Fig. 19 Change of sealing characteristic parameters with
eccentricity when 7' is 85 K and 90 K ( single
phase vs. cavitation) ; (a) Q & &;

() F.&F; () F&eg

20 p,=0.4 MPa, Z=0.1 mm i}
Jal i i T B O AL (AR
Fig. 20 Changes in circumferential pressure distribution at Z=0. 1

mm as ¢ increases when p, =0.4 MPa (single phase)
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K21 T,=85 K B EFHIES BB ZEL (RAS521)
Fig. 21  Change of sealing characteristic parameters with speed
when T, is 85 K (single phase vs. cavitation) :
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Fig.22  Changes in circumferential pressure distribution at Z=
0.1 mm as n increases when T, =85 K,
P, =0.6 MPa (single phase)
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Fig. 23 Volume fraction distribution around seal entrance at max clearance: (a) n=0;
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P 24 ARG % AR (BT 1h)
Fig. 24 Volume fraction distribution of seal at different speed
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(b) n=5000 r/min; (c) n=10 000 r/min
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A Fuzzy Fusion Diagnosis Method for Aero Engine Wear Fault

CAO Guisong' MA Jiali* MIAO Huihui' WANG Yuwei > KANG Yuxiang® CHEN Guo’
(1. AECC Commercial Aircraft Engine Company,Shanghai 200241, China;2. College of Civil Aviation,Nanjing
University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China;3. College of General Aviation
and Flight, Nanjing University of Aeronautics and Astronautics, Liyang Jiangsu 213300, China)

Abstract: In order to make full use of the advantages of various oil analysis methods and improve the accuracy of wear
fault diagnosis of aero—engine rolling bearing, a fuzzy fusion diagnosis method for aero—engine wear fault was proposed.
Firstly ,according to the characteristics of the respective characteristics of spectral analysis, ferrographic analysis, particle
count analysis, physical and chemical analysis data,the oil analysis data were fuzzified based on user—defined membership
function, so as to obtain the evidence credibility and rule credibility of characterization spectral analysis, ferrographic anal-
ysis, particle count analysis, physical and chemical analysis data, and obtain the comprehensive credibility. Then the D—S
evidence theory diagnosis of oil sample data was realized based on the D=8 evidence theory.The proposed fusion diagnosis
method was applied to aero—engine wear fault diagnosis. The algorithm was verified by using the oil simulation analysis da-
ta of a certain engine in different wear periods.The result shows that the proposed method has high diagnosis accuracy and
sensitivity.

Keywords: aircraft engine ;wear failure ; D—S evidence theory ;fusion diagnosis;oil analysis
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Fig. 1 Based on D-S evidence theory fuzzy fusion flow
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1.2 #aEHmk A, BAE AT AR IR AR
Bt X BT T AS B B HR W RN, e IR AR s(i=11,2,3,4} j=1{1,-,n,}) (2)

iy
S, ={s),s:,
_ 1 2 n,
Sz - {82732,“"527}
Sy = {51,855, ,50}
S4 = {Si,si,"‘,sf}

ittfjl SI\ Szx 53\

9311,‘}
(D)

S, BIROLTE | BRI UK

K 4 BB AR AR AR SR T R, A
TR WFE 1, WYL RER LRI G530 25 R 15
FI 1) BR AR A T 43 BT BCHE R Ay R < IR R, B
SHT 3 FORA , B IEE ST B S AR 4R
G0k G, (i=1, 2, -

, n,tn,tngtn,) .

®1 HEERTERRE (BITER)
Table 1 Fault symptom element boundary values ( part of the elements)

. JEIEIHT(S,) BT (S,) WORLHEC T (S,) AL (S,)
A Fe Ag Cu  J¥SFEERL BRIRESR. BRBEER. >15um >25 um >50 pm  ME BE AP
WM o et al ay” ay® ay® ay” ay” ay ay ay” ay
SEE o @ W o @ e R R R

EEA A ESCGRIBBE A (WL 2) Xl G
IR A TR AL AL BE 45 2 i Bt SR s T4k
AR SESIE I S I AT E SN U
(3) P,

0.5x - 0<x<a,
a,
u = X T a (3)
0.5 x + 0.5 a, <x <a,
a —a
1 x > a,
K ap o a0 B FBRAA . 58 B R

x R RTT R B BRI

K2 HEGRE R

Fig. 2 Distribution of custom subject function

1.3 ZEIBEHN

F AR R0 000 4 B 2 Wy 7 =, s aE Rt IR AR
WS HIr W F kAT B wI, Ep

RULE: IF “s. %" (CF))

THEN “H#(BE F Z4:" (CF,)

Ay CF (i=11,2,3,41 ,j=11,,n,|) N i
AT R RE TR N R SRR B, B uEdE
s, BRI EE

ST IR A B B B A SR, SR K
(3) NPAHOCEE AT AL, JERBIRIAL S (B %
FE U B U AT AR s CF, i 45 2 MU Y T f5
JE, WEEBLT, CF, AR BARE O 0~ 1 Z [H] 1)
TERAE, 4 CF JIBUEA 1 i, fUR “he F7 —E &
A T KE I L G R Bt ) A |, A
P A UE S 7 AR R R T A5 R, HL

YR, =1 (i=1,23.4) (4)
XHIEE s WHLN AT EE AR 2 FR
W CF MR ZE AT E R, /P
CF=CF xCF,(i=11,2,3,4} j=1{1,,ny}) (5)

K CF=1, H
CF =CF, (6)
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x2 HMWAEMEE
Table 2 Rule credibility
(042 iTWRvS ST (S,)
A JKICE  Fe Cr Pb Cu Sn Al Ni Ti v Ba
FRIU W] {5 0.5 0.05 0.05 0.1 0.05 0.05 0.02 0.02 0 0
(342 i TWaR7S HAE TR (S,)
HWEAFIETEE  Ca Mn p Ag Si Mg Mo K Na S Zn
FLIN T A5 0 0.05 0 0.02 0.05 0.02 0.02 0 0 0 0
i Btk (s,) BRI (S,) LT (S,)
(B4 iR — - - — -
W55 ERR ZIR >5pum >15 pm >25 pum >50 pm  FRJE i PR =5 Ko
FLIN T A5 0.5 0.4 0.1 0.1 0.2 0.3 0.4 0.4 0.4 0.1 0.05 0.05
1.4 ZEIRFEHNN CF::’, Z1- ka (10)

Dempster—Shafter (D-S) IEHEHIIS 2 HAjkIKZE
AlA b e A —F 5k, B T X Bayes B
W, MR ARHEEAR ) SR PR X ) SO B E [X (R
KPR E ZUEHE T R ALK R R

X TP AR I, BB PRIA X BBE A /3
R JE 9 m (A), my(A), -, m(A), UK
m,(0), my(8), -, m,(0), HA

m(0)=1-m,(A)

m,(0) =1 -m,(A)

(1)
m(0) = 1= m,(4)
FE 0 T L) 50
() =1~ [[m(®) (8)

MRYEE ¢ Fh AT 07 95§ MIEJR IR B il sr 19
LERTIE B CF, H Rz A R R &, st
(9) B,

k=1~ CF, (9)

MG AR B B RN (6) T Z 2K
AR 2R

FRAE 22 25 ) B 35 1Y) CF e o ke B 2 SR R A
iz, BRDRHNE .

IF: 0<CF”<0.5

THEN “g =iZ#FEAREL, REIEHF!”

IF: 0.5<CF"<0.8

THEN “g, =28 R &4, REEH T REA
EH”

IF: 0.8<CF"<0. 1

THEN “g, =&t & kd:, REEHRTH”
2 EEhh A E R A RS BT L6

T IAESCH TR LT D-S IE U8 BESHOR Rl A
WA SRR SR 6 45K B LA R g%
P B S A St AR R A AT R, AR DA R T i A
BRI F MR AR TS AR Y 40 205 HAL
Wi, %O BB R AT IR, A
FUBR I 3 s,

W SCrR BT AR B, 1 et AR 3 B AT TR
RIALAL TR, 7531 3 3 W I 55 B S B 1 5 O AR A 1
RIEEE, 1Bz b rl 5, B4R IE3—10,

x3 MESEERE (E98E)
Table 3  Oil analysis simulation data (part of the data)
1t HiESHI(S,) B4 HT (S,) WORLHHET T (S,) BRI (S,)
w}j Fe Ag Cu 97 BRI B >15 >25 >50 FE v/ TR IE w/ N A
i w/10°  w/107°  w/10°°  BERL BRL R pm pm pm (mm’ - s7") (mg-kg') /C
B 1 1.054 0.056 0.62 2.6 3.45 0.64 181.213 92.736 8.931 24.87 0.05 256.37
i 2 6.039 0.033 4.33 3 3.3 0.62 522769 290.427  11.405 24.83 0.04 256.72
i 3 1.162 0.079 0.932 2.9 3.4 0.53 42.114  89.304 10.713 25.13 0.05 257.3
Bl 4 0.582 0.059 1.313 3 3.36 0.64  213.183 203.268 13.845 25.01 0.07 258.82
Bl 5 0.674 0.081 2.063 2.7 3.38 0.60 88.515 91.591 15.163 25.14 0.05 257.78
i 6 1.008 0.094 2.316 3.6 3.93 0.66  101.445 109.875 19.181 25.17 0.05 258.49
B 7 0.799 0.056 2.605 3.1 3.85 1.22 233.834 114.392 22.239 25.12 0.05 259.92
Bl 40 6.674 0.203 9.99 7.4 5.2 1.95 1221.251 396.159 51.003 25.62 0.05 269.43
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K3 e Hr I EUE (iR BRI Pl 7 URCE RO BT s K
Fig. 3 Spectral analysis raw data (element mass fraction) Fig. 7 Particle count analysis raw data

8 MURLTHE T B RO Ak
4 G HT R Ak Fig. 8 Particle count analysis data fuzzification

Fig. 4 Spectral analysis data fuzzification

Ko BRI IR AR B
S5 EREOPTIRIGEEE (EREUR) Fig. 9 Physical and chemical analysis raw data
Fig.5 Ferrographic analysis raw data (number of abrasive particles)

Ko kibair st P10 BAL AT B Ao 1k

Fig. 6 Ferrographic analysis data fuzzification Fig. 10 Physical and chemical analysis data fuzzification
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Table 4 Spectral data fusion results
R CF, CF, CF  REEWEsR
Fe 0.871 0.5 0.436
Ag 0.027 0.02 0.000 54 0.467
Cu 0.547 0.1 0.054 7

RS RIEMKELEMSER

Table 5  Spectral and ferrographic data fusion results
TS CF, CF, CF ig;é Zﬁi’%
Fe 0.871 0.5 0.436
Ag 0.027 0.02 0.000 54  0.467
Cu 0.547 0.1 0.054 7 0.688
PETTERL  0.455 0.5 0.228
BRIRERL  0.538 0.4 0215 0414
JEARERL 0.326 0.1 0.033

Fo ki, SEMBAITHBERSER
Table 6 Spectral, ferrographic and particle

count data fusion results

T CF, CF, CcF ARG
e g
Fe 0.871 0.5 0.436
Ag 0.027 0.02  0.00054 0.467
Cu 0.547 0.1 0.054 7
WOTEERL 0.455 0.5 0.228
BROIRESR.  0.538 0.4 0.215 0.414 0.840
EARESRL  0.326 0.1 0.033
>15 pm  0.749 0.2 0.150
>25 pm  0.889 0.3 0.267 0.487
>50 um  0.439 0.4 0.176

x7 KRG, KRG, BAOTHAMEBEAEERSER
Table 7 Spectral, ferrographic, particle count data and

physical and chemical fusion results

AN BRI
—_— CF., CF. - $ ltu E{ﬂnu
e Mg
Fe 0.871 0.5 0.436
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JEoFEERL  0.455 0.5 0.228

FOIREERL  0.538 0.4 0.215 0.414

FEAREERL 0.326 0.1 0.033 0.889
>15 um  0.749 0.2 0.150

>25 um  0.889 0.3 0.267 0.487

>50 um  0.439 0.4 0.176

i 0.643 0.4 0.257
i3 0.05 0.4 0.02 0.308
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Abstract: The heat transfer oil system of a petrochemical company occurs oil blackening and a large amount of scaling
in a short period of time,which affects the normal use of the entire heating system.Through the test of physical and chemi-
cal indexes, pollution indexes and wear indicators of the heat transfer oil ,the performance and state information of the heat
transfer oil were obtained.The composition information of the scaling was obtained by X-ray fluorescence spectroscopy,
X-ray diffraction analysis,and scanning electron microscope and energy spectrometer analysis. According to the comprehen-
sive analysis of the testing results and the fault background ,the reason for the abnormal blackening of the heat transfer oil
is that there are lots of scale particles in the heat transfer oil.Scaling particles are composed of high—temperature degrada-
tion and carbonization products of heat transfer oil , corrosion products of steel components,and reaction products of external
pollutants.The main component of scaling particle is carbon deposition. The excessively high working temperature of the
heat transfer oil is the cause of a large number of carbon deposits in the system in a short time.In addition, the intrusion of
corrosive elements such as Cl and S into the heat transfer oil system causes corrosion of the steel parts,and Fe oxides accu-
mulate in the carbon particles.
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Table 1 ~ Test results of heat transfer oil
el ETRE| R 45 R SRR e AR Neosk—oil 1400 i $iL75 {f
S HH & LE - ERERLl]
40 CIZAHE v/ (mm® - s7") 18.61 AR A I 20% 18
FR{E (LA KOH i) w/(mg - g7) 0.19 <0.50 0.03
K5 w/ (mg « kg™") 347 <500 144
FHIA L v/C 206 =170 212
FRIR w/ % 0.81 <1.0 0.15
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2022 4F5 3 # FRERS . A bl T 20 AR B I R A
g %I

A H RIERES TGS b Neosk—oil 1400 3 i HL# g
Fe(#k)w/(mg - kg™") 36 - <1
Cu(H1)w/ (mg - kg™) <1 - <1
Ph( ) w/(mg - kg™") 1 -- <1
() w/ (mg - kg <1 — <1
Sn(#))w/(mg - kg™) 1 - <1
ALl w/(mg - kg™) 1 - <1
Mn (%) w/ (mg - kg™) <1 - <1
Ni(B)w/ (mg - kg™") 1 - <1
Ag(#)w/(mg « kg™) <1 - <1
Ti(EK)w/ (mg - kg™") <1 - <1
JLER ST Si(fE)w/ (mg - kg™") 1 - <1
Na(f)w/(mg - kg™") 2 — <1
V() w/ (mg - kg™") <1 -- <1
B(fll)w/(mg - kg™) 1 - <1
K(#)w/(mg - kg™) 1 - <1
Mo(#)w/ (mg - kg™) <1 - <1
Mg(#%)w/ (mg - kg™) <1 - <1
Ba(#)w/(mg - kg™) <1 - <1
Ca(#5)w/(mg - kg™") 1 - <1
Zn(BE)w/(mg - kg'") 1 -- <1
P(#)w/ (mg - kg™") 1 - <1
/NF 10 pm, grade 0 <1 0
10~50 pm,grade 0 0 0
50~100 pm,grade 0 0 0
KF 100 wm, grade 0 0 0
IEH B, grade 0 <1 0
FhE /e E W B E, grade 0 0 0
55 B, grade 0 0 0
Y1 JE B $1 , grade 0 0 0
JEE U, grade 0 0 0
A E?ﬁ%’fh,gmde 0 0 0
W/ 58, grade 0 <1 0
HA 4, grade 0 0 0
A4, grade 0 <1 0
R A 4, grade 0 0 0
EEAL SR/ B, grade 0 0 0
A6 AR grade 0 0 0
TR/ TR, grade 4 <1 0
¥k, grade 1 <1 0
214t , grade 0 0 0
HAth, grade 0 0 0

V. (RIS T 0=, 1=, 2=k, 3=8 %, 4=kt
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Fig. 1  Filtergram micrograph of heat transfer oil
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Table 2 XRF test results of scaling particles

JCR i 2w/ % IFES LB 8w/ %
C 99.354 5 S 0.005 9
cl 0.3123 Si 0.005 7
Na 0.260 5 Ca 0.005 3
Fe 0.055 7

K2 Z5IRURIRY XRD 45 R K
Fig.2  XRD results of scaling particles
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3 SEURURIEY) SEM P4
Fig. 3 SEM topography of scaling particles
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Fig. 4 Elements distribution of SEM mapping of scaling particles
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Table 3 SEM mapping results of scaling particles

TLE iR 5348w/ %
C 84.15
15.50
Fe 0.35
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Influence of Axial Arrangement of Orifices on Characteristics
of Bearing in Air Bearing Spindle

ZHANG Hangian LEI Qun CHENG Zhentao
( Guangzhou Haozhi Industrial Co.,Ltd.,Guangzhou Guangdong 510000, China)

Abstract: The bearing capacity and stiffness are the key factors to measure the performance of air bearing spindles,
which are directly affected by the throttling method.However, the influence of axial arrangement of the orifice on the sup-
porting performance of the aerostatic gas bearing is lack of in—depth investigation at present.In order to study the influence
of axial arrangement of orifice on the characteristics of aerostatic gas bearing, three typical throttling structures were de-
signed , including two rows of holes, middle exhaust four—row—hole and middle non-exhaust four—row—hole.The mathemati-
cal model of gas film force of aerostatic gas bearing was established based on the Reynolds equation,and the influence of
the shaft speed and the axial arrangement of the orifices on the bearing capacity and stiffness was analyzed.The accuracy of
the model was verified through experiments.The results show that,in the low—speed stage , the bearing capacity and stiffness
of the middle exhaust four—row—=hole structure bearing is the largest,which is suitable for the application of low—speed and
heavy—load working condition.In the high—speed stage, the bearing capacity and stiffness of the middle non—exhaust four—
row=hole structure bearing are the largest, and its dynamic pressure effect is obviously improved, especially the bearing
with large length diameter ratio is suitable for high—speed working condition.The bearing of two rows of holes has the above
two advantages and is suitable for balanced performance application.The accuracy of the model was verified through experi-
ments, and the research results have the guiding significance for the selection and design of aerostatic gas bearings in dif-
ferent application requirements.

Keywords: air bearing spindle ; aerostatic air bearing;load capacity ;stiffness ; orifice
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Fig. 1 Bearing models with different axial arrangement of
orifices: (a) two—row—hole bearing model;

(b) middle exhaust four—-row—hole bearing model ;

(¢) middle non—exhaust four—row—hole bearing model
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Research and Development Application for Performance

of Green Screw Air Compressor QOil

WANG Yizhu ZENG Haiyan OU Yonghui

XIANG Hui

( Guangzhou Jetsun Lubrication Technology Co.,Ltd.,Guangzhou Guangdong 510700, China)

Abstract : In view of the strict performance requirements of screw air compressor oil in oxidation resistance , friction and

wear resistance and oil—water separation ,the base oil composed of mineral oil and synthetic oil was adopted , and appropri-

ate phenolic antioxidant ,amine antioxidant, metal corrosion inhibitor, extreme pressure anti—wear agent and other functional

additives were added,and a screw air compressor oil with stable antioxidant and excellent extreme pressure and anti—wear

was developed.The extreme pressure performance and friction and wear properties of the developed oil were evaluated on

the four ball friction and wear test machine,and simulated oxidation evaluation test was carried out.The results show that

the developed oil has excellent oxidation resistance ,can meet the long oil change cycle of 5 000 h,and its performance is

equivalent to that of imported special oil.

Keywords: screw air compressor ; oxidation resistance ;friction and wear ; compressor oil
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Table 1 Comparison of physicochemical index of various types of base oils
SYE| FEfibah 1 il 2 FERH 3 FEAi 4 it 5 FHefifiih 6 Rl WIR7S
BENEEE (40 C)v/(mm’ « s7") 46.53 45.68 46.25 45.86 46.23 46.82 GB/T 265
TR TR 106 132 105 150 164 145 GB/T 2541
18145 ¢,/ °C -15 -39 -18 -48 -57 -45 GB/T 3535
NS (FFED e /C 230 245 235 280 210 252 GB/T 267
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Table 2 Comparison of antioxidant properties of various types of base oils

i H 0il1+0.5% A0 0il2+0.5%A0

0il3+0.5% A0

0il4+0.5% A0 0il5+0.5% A0 0il6+0.5% A0

PUE ALY ] 7/min 550 730

610

940 920 850

MR 1 F13R 2 MSCge 2 T LI, SRl 2 Fi
5 LRSI PERERC LY, TRl 254 HiAk 2 ah 4y, A
BEAH TR RGN, ik, 30058 LAl 2 A
5 AP IBAT R S SR ZE U I B &, ik —2P
SR 5T HEC
1.2 FmAegikiFE

WP SR A AL e AL . DLEE 188 it
A B 7K o0 8 S PR RE T TR ZE R ™A%, 3 AN R SE T iy
A By feli FH A i, TR IO S 00 3 TR 4R HLBLSK [ B A2 AT

BRI RE , M PR BN R AR LR S 6 75

firo PRI, AR 5l B S RE VR IS, )i o7 3
I Z e B R E R PR RE , LA A PR REDL 5

4 R 4 HILAT A

W3R 3 iz, SO FE XA - W SR AT
SN B TRBEAR IR | BT IR R R A R A D RE S I
F B BCTT AT BT BT, DU e PR e &
T8 AR ETT
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Table 3 Oil formula design

= Bt J7 1 fit J7 2 fit Jr 3 fid ) 4 Bl Jr 5 il )7 6 B )7 7 it J7 8 B9 EJF 10
HERil 2 93.5 88.5 85.5 88.5 88.5 88.5 88.5 88.5 88.5 88.5
el 5 5 5 8 5 5 5 5 5 5 5
sl 0 5 5 5 5 5 5 5 5 5
LESiE=Rl 0.3 0.3 0.3 0.5 0 0.3 0.2 0.2 0.2 0.2
JHe 40481 0.2 0.2 0.2 0 0.5 0.2 0.3 0.3 0.3 0.3
& IR EAL ] 0.2 0.2 0.2 0.2 0.2 0 0.2 0.2 0.2 0.2
W BT 1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0 0.2 0.1
W BTS2 0.1 0.1 0.1 0 0 0 0 0.3 0.1 0.2
FHofth R AL ARk R Fi R R i R R

1.3 B MRy A B DA A s Al Ak R, ARG 7. 8.

SLEXS R 3 PR RC T TR AR T T AR
PEREFRARALIN, 2R MNE 4 P, ATLLE N, Bt
10 AECT7 7 i FEAS BEAL PR REFR AR AHZE AR, (HAAME
LREVEZE SRR, S T BB B 1 T 4R R
GRS HEATRENC, (R R ah i s AR S A

9 F1 10 7EHT AL FIHTIE i BE D7 10 S LS, 5 1)
S T AT S, PR SOWC Ty 7., 8, 9 Al
10 HFEAT AR A B4 4% e FE EE 45 P8 03 P BE O 58 % 42
TRz 38
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Table 4 Comparison of oil basic performances of each formulation

T H Bol 1 Be2 Bor3 B4 imsS ihe Bil7 Blh8 F9 Bl 10 Zke il rik
BN (40 C)w/(mm® - s7') 4675 4632 46.35 46.25 4631 4637 46.22 46.41 46.62 4635 46.52 GB/T 265
R 135 139 139 139 139 139 139 139 139 139 142 GB/T 1995

s ¢,/ °C 42 -45 -45 -45 -45 -45 -45 -45  -45 -45 -42  GB/T 3535
NAL(FFI ) e /C 245 249 249 249 249 249 249 249 249 249 255 GB/T 267
i & A A A A% At A% A & A 4 GB/T 1143

M BBk (100 °C,3 h) la la la la la 2a la la la la la  GB/T 5096
T % 7/ min 2100 2100 2100 1750 1860 2150 2250 2250 2250 2250 2300 SH/T 0193

2 [EHEHLEEREIEM
2.1 MIEFEMAEFE R

FE MRS - 10A DY Bk B2 48 5 # i 5 HL L, R A
GB/T 314277 3 5 IR 46 HIL I B B K TG R A fr py,
{8, WS EGHLIM B &R RE S, TERRMT (392+5)
N, #3 (1200+5) v/min 2508, #4760 min B
BRI GS,  H PUER IS AR S 1 BE DL 5 R 4R B
THR ST EE R R R, R0 T PR ER Ry L IRp AR R T AR
FJ—2k GCrl5 @ﬁ/ﬁ‘ﬁﬂﬂ%, HAE N 12.7 mm, i B K
61~65HRC.,

BB MR AT M BT A 45 M. 40Cr, A bW
38CtMoAl M il A 4255, FE4i AL T AF I BUIBAT — B
Wb T WA RRAS, FET I A2 S — B W Bl R

ARB I RE R, o - L R AR R 3 L Sl 4
A, PERE—RE B G SRR, O ORI 4
A R, R4 B e o ZES B R B9 4
AE, XL EETEIRAT WG 15 I T T D RE A% DR IR T 2 AR
EHAFTE, DL, A URGHLRER E . RIVIE R
AR, GBI 6 0B A — R B T RE AT 1
fE. VUBREEESC 2 BE 1 A0 2 0 - MY BE 4 R, A
VU B B 42 S BV I 46 AL 140 B s 4 PE RE AT —
AR ST S A AT SRS LA [T E 777 it 7 4 A
fie, ZERMFES Pk, WERAARAKE, @il EA
IR PR, WCT5 9 AT HEAF 1A e 1k RE AN BT EE 45
FEARPERE, 55 TR 26 0E 1 Al L FIAR 4
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Table 5 Comparison on tribological performances

WH W57 W78 W59 WO 10 SIukE KTy

BRFFB 810 710 760 710 710
B4 py/N
a4k 17 o GB/T 3142
N 2500 2000 2000 1600 2000
pl)

FEHE NS w 0.083 0.074 0.065 0.077 0.072

2.2 REAMMERESH

FESCHL TR AT, A ORIEDE & 7= S RE, b
T AT AT SR, BERDE, H AT B T A s
RS RGP L . B EREIEN . N
I, SO T R AT AN 5L 5 R PN B
P E A EfbtERE, BRI T, K80 ¢
AT 0 150 mL ) OB I—RK 3
m, HA21.50 mm, 4L 99.9% 1422, HI 100 H b
AT S, 242 95% S BEW W, Wk T )5, %8
I BLIME 50 mm . 5 40~42 mm PIZRRE, A A
FERBEEE b K VR LR RO RE S A LA 7 200 <C
TR 48 h, HrP eI TR 5 12 h FI5E 24
h [BIFEESE IR K 25K 6 hy LG 45 o5 FRFE IR &
FORE RN AR . BB b, LK
Rk 6 i, oh, RO SR T Hh 5L
PTG WNIRZE R F, BEE M 9 Bt
FALTERE S S R Y, G UE T BC 5 B sa R e h
HFE T

®o RUENLMXER

Table 6 Simulated oxidation test results

i H B Jr 9 Z
40 Ciz SR v/ % 5.2 55
BIR R w/ % 5 4.8
i 2E Ak FELL % (FRARAL]

3 KM

R R R SR AL PR, e R
74 000~6 000 h AYBRAT 202 R ZE WL T TR SEHL
N [FIEE, S8 T I RS B 2 X i
WA, 7528 0 IF R SEHLRE FH

WA= B BT | BRI AR A 2 SRR
RGNS R S5 R EAT T A 2 AR SEHL Tl
N, REREE R R W], AE AL TGk AR e PR R
PIRSE, TR FTHEREE Ny i (8] 7 1 (SEEES 000
h i E ) AT LLGS B[RS O e HTm Y 7 o 4
b, (RIS ATREAR LY 40% f0 7= S ) 3K BAS . AT UL, A
PR AET R N T T EOR A R, 8 AT DA Rk R

AN B HIA, Rl e amigsad i,
4w
PA—5E L B0 Wil -5 5 il &2 C A S Sl
TSSO R M PN . MERPTER . SR
M EHUE S DI RE IS IR, B A R — R Bt R
FRRGE T BT P RE G e O A 52 R S AL
ISR PUBETERE . AL PEREE5E, Hak B[R] 2k
it R R PEREAR e . SEHLN HES RERHT, BF k™
mPERER AR E , ATSEHL 5 000 h K qe i T, HOR
A L[R2 HE 1L FH Il AT B2y 40%
SE 3k
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