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To meet the need of high-speed steel roll grinding, a hydrostatic lubrication system for high-speed precision roller 

grinding head is designed and the dynamic performance of the system is simulated and analyzed in this study. The 

hydrostatic lubrication system was designed according to the lubrication characteristics of the eccentric sleeve and 

thrust bearing of the high-speed precision roller. Then the mathematical models of the main components of the 

system were established. And according to the schematic diagram of hydrostatic lubrication system, the dynamic 

performance of the lubrication system at high speed was simulated and tested. The simulation and experiment 

results show that the lubrication effect of the eccentric sleeve static chambers and thrust bearings is good, and the 

designed hydrostatic lubrication system is feasible. 
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 Introduction 

Due to the excellent toughness, hardenability, thermal 

stability and hot-cracking resistance of high speed steel, 

there is a tendency to replace the traditional rolls with 

high speed steel rolls in the steel industry. But because of 

the "wear resistance" of high speed steel, the traditional 

roller grinder within 45 mps has low efficiency in grin-

ding high speed steel rolls. The linear speed of the grin-

ding wheel must be above 80mps to achieve high effi-

ciency grinding [1]. Therefore, it is necessary to develop 

a high speed roller grinder for high speed steel roller grin-

ding which the linear speed of the grinding wheel is above 

80 mps. The increase of grinding head speed will cause 

the oil film temperature to rise and reduce the bearing 

capacity of oil film [2-4]. The oil film support will fail, 

and a case such as axle burning or axle suspension will 

occur when it is at high speed for a long time [5]. The oil 

film temperature rise, bearing capacity and other parame-

ters are closely dependent on the oil supply lubrication 

system of the bearing [6-10]. Therefore, it is necessary to 

design a hydrostatic lubrication system to ensure the sta-

ble and full lubrication of the oil film supports. 

In recent years, many scholars have done a lot of re-

search on the design and dynamic performance of lubri-

cation systems for different types of oil film bearings. 

Benoit Honel in the United States and Renaud Meillier in 

France established the simulation model of the lubrication 

system of the engine, and the performance of the lubrica-

tion system had been numerically simulated and calcula-

ted [11]. Liu Xueyuan and Huang Weiwei established the 

simulation model of diesel engine lubrication system, the 

distribution of pressure and flow rate of each oil film bea-

ring in the system and the minimum film thickness and 

flow rate of oil film bearing under different working con-

ditions were analyzed [12,13]. Yao Fang designed a kind 

of hydrostatic bearing of the roller press, and lubrication 

performances of bearing were studied by computational 

fluid dynamics and lubricating theory [14]. Yadav, 

Saurabh K. analyzed the influence of the shape on the sta-

tic and dynamic performance characteristics of the hyd-

rostatic thrust pad bearing system having Rabinowitsch 

fluid model lubricant [15]. Yu, XD et al. simulated the 

clearance flow characteristics of hydrostatic thrust bea-

ring of large vertical CNC lathe [16]. Based on computa-

tional fluid dynamics and response surface method, Qian-

lei Peng et al presented a design method of gear transmis-

sion lubrication system to improve transmission effi-

ciency [17]. However, there are few reports on the design 

and dynamic performance of hydrostatic lubrication sys-

tem for high-speed precision roller grinder. 

In view of the lubrication characteristics of the eccen-

tric sleeve static chambers and thrust bearings of the high-

speed precision roller grinding head, a hydrostatic oil 

supply lubrication system for the oil film support of the 

roller grinding head was designed. The simulation analy-

sis and test of the hydrostatic lubrication system were 

carried out. Thus the lubrication effect of oil film bearing 

and the feasibility and reliability of the hydrostatic lubri-

cation system were verified. 

 Structure composition of High-speed Preci-

sion Roller Grinding head 

To develop the hydraulic lubrication system, it is ne-

cessary to analyze the lubrication requirement of the 

high-speed roller grinder. Therefore, the structure prin-

ciple of high-speed roller grinding head was analyzed 

firstly. The structure of the high-speed precision roller 

grinding head is as shown in Fig. 1. The grinding head is 

mainly composed of unloading device, pulley, front hyb-

rid bearing, rear hybrid bearing, restrictors, thrust bea-

ring, eccentric sleeve, grinding wheel chuck, box and so 

on. Adjustable hybrid oil film bearings are designed to 

support the spindle rotation. The hybrid bearings are for-

med by four cone ribbed slabs and the same taper bearing 

sleeve under the interference fit, thus forming eight 

wedge-shaped dynamic pressure oil chambers. In order to 

prevent the dry friction of the bearing during starting and 

stopping, four static chambers are established on the inner 
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wall of the four ribbed slabs. The hydrostatic thrust bea-

rings are designe and installed inside the eccentric sleeve 

to prevent the axial movement of the spindle. Guide bea-

ring oil slots are slotted on the eccentric sleeve to prevent 

the loss of oil and oil pressure. 

 
Fig. 1 Structure diagram of the high-speed precision roller grinding head 

 

In the grinding head, oil film lubrications are required 

in the front and rear hybrid bearings, in thrust bearings 

and between the eccentric sleeves and the bed. Therefore, 

it is necessary to design a hydraulic lubrication system to 

realize oil film lubrication. 

 
Fig. 2 Principle diagram of hydrostatic lubrication system for high-speed roller grinding head 



December 2019, Vol. 19, No. 6 MANUFACTURING TECHNOLOGY ISSN 1213–2489

 

indexed on: http://www.scopus.com 961  

 Design on hydrostatic oil supply lubrication 

system for high-speed precision roller grin-

ding head  

To prevent oil film bearings from mutual influences, 

the thrust bearings and eccentric sleeves were lubricated 

by an independent hydrostatic lubrication system as 

shown in Fig. 2. As there are so many oil supply holes in 

the bearing, a restrictor type constant pressure oil supply 

system was adopted. Limited pressure variable vane 

pump was used to supply oil. Via the pilot relief valve, 

the lubricating oil was reduced to the working pressure of 

the system. By the diverter valve, the oil film supports of 

the grinding head could be more effectively and steadily 

lubricated. The double filtration of oil by net oil filter and 

precision oil filter could meet the requirement of lubrica-

ting oil filtration accuracy for each oil film bearings. The 

level of the oil in the tank was monitored by the level re-

lay, and the gear pump was controlled by PLC to pump 

the oil back to the return chamber of the tank intermit-

tently, so as to ensure that the oil could be fully recycled. 

The thermostatic control box weakened the influence on 

the stability of the oil supply system caused by the oil film 

temperature increment. 

The application object of hydrostatic lubrication sys-

tem in this paper is a high-speed precision roll grinder 

with grinding wheel speed of 60 mps. The roller grinder 

is a kind of grinder which was modified to adapt to the 

grinding of high speed steel rolls on the basis of the tra-

ditional roll grinder. The limit speed of the spindle is 2080 

rpmin. The spindle system of the traditional roll grinder 

has always been lubricated with oil film, and this kind of 

bearing has shown good performance in industrial 

practice. At present, electromagnetic bearing has become 

an ideal bearing for high-speed spindle because of its ad-

vantages of no mechanical friction, no lubrication and 

low temperature rise, and has been more and more widely 

used. With the continuous development of spindle 

support technology of roll grinder, it will be possible for 

electromagnetic bearings to be gradually applied to this 

series of roll grinders. 

 

Fig. 3 principle diagram of external feedback variable vane pump 

 

 Establishment of mathematical models for 

key hydraulic components 

4.1 Establishment of mathematical model of limited 

pressure variable vane pump 

The working principle of the external feedback varia-

ble vane pump is shown in Fig. 3. According to the 

working principle of external feedback variable vane 

pumps, the relationship between the actual flow rate and 

the working pressure of the variable vane pump is as 

follows [18] : 

 
Q x LQ K e K P= -

  
(1)

 
where KQ is the flow rate generated by the unit eccentri-

city, e is unit eccentricity, KL is the unit pressure leakage, 

and n is the motor speed. When the pressure is less than 

the limited pressure Pc, the stator is at the far right end , 

e=emax. Therefore, the equation of pressure versus flow
 
is

 

as follows: 

 
maxQ LQ K e K P= -   (2) 

When P is larger than the limited pressure Pc, the ec-

centricity e decreases gradually with the stator moving to 

the left, and the flow rate also decreases. When the output 

pressure is equal to the ultimate pressure (P=Pmax), the 

output flow is zero. At this time, the suction flow of the 

vane pump will be used to compensate for leakage. 

Equation (3) can be obtained from equation (1).   

 
max max

L

Q

K
e P

K
=

  

(3) 

When P is between the limited pressure Pc and the ul-

timate pressure of the pump Pmax (P< Pc < Pmax), the 

equation of the force acting on the stator ring of the vane 
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pump in the x direction is as follows: 

 )( 10 PPAekF xxsk -=-  (4)
 

where Ax is the projection in the direction x of the hydrau-

lic pressure on the stator ring, ks is the spring stiffness of 

the piston, Fk0 is the spring force of the piston with the 

eccentricity being zero, and P1 is the back pressure of 

damping orifice.  

The equation (1) and equation (4) were combined to 

eliminate ex, and the flow rate of P< Pc < Pmax was obta-

ined as follows: 
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The equation (2) and equation (5) were combined to 

obtain the limited pressure PC. 

 0 max
1

k s
c

x

F K e
P P

A

-
= +   (6)

 

4.2 Establishment of mathematical model of diverter 

valve 

In this work, the 3FJLZ-L2-16 reversing piston diver-

ter valve was selected, which was mainly composed of 

valve body, valve core, spring, fixed throttle ring, re-

versing piston, end cover and so on as shown in Fig. 3.  

 

Fig. 3 Working diagram of reversing piston diverter 

valve 

 

The working diagram of the diverter valve is shown 

in Fig. 3. In the figure, P is the oil inlet, A and B are the 

oil outlets, the two oil cavities a and b are connected to 

the left and the right spring cavities. The equilibrium 

equation for the forces acting on the main spool is as 

follows: 

( ) ( )
dt

dx
B

td

xd
mxxkFFPP

D
ffss

f +=D+++--
2

2

02121

2

4

p   (7) 

where P0 is pressure in the oil inlet of the diverter valve; 

P1 and P2 are pressure in the left and right cavities of the 

main spool; Fs1and Fs2 are steady-state fluid forces of the 

left and right shunts. Df is the diameter of the main spool;

x is the displacement of the main spool; x0 is the pre-

compression amount of the spool spring; mf
 
and Bf

 
are the 

flow rate of left and right fixed orifices of the main spool. 

In the equation, Fs1 and Fs2 are expressed as follows: 

 ( ) ( )311111 cos62 PPxsccF ds -´= q
  

(8)
 

 ( ) ( )422222 cos62 PPxsccF ds -´= q
  

(9) 

where S1 and S2 represent the split area of the right and 

left side shunt ports of the spool; C1 is a constant orifice 

flow coefficient; C2 is the split area of the right and left 

side shunt ports of the spool. Cd1 and Cd2 are flow coeffi-

cients of the shunt ports, andCd1 = Cd2. 

When the displacement of the spool is x, 

 
3 2 1 1 3

2
6 ( ) ( )Q c s x P P
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= -   (10)
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Likewise, 
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2
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where Q1 and Q2 represent the flow rate of the left and 

right side fixed orifices of the main spool, Q3 and Q4 are 

the flow rate of the left and right side shunt ports of the 

diverter valve, V0  is the inlet volume of the diverter 

valve, V1 and V2 are the volume of the left and right side 

cavities of the main spool. 

 Modeling and simulation of hydrostatic oil 

supply system for oil film supports 

 Establishment of Simulation Model of hydrostatic 

Lubrication system 

According to the structure characteristics, working 

principle and mathematical models, HCD library of 

AMESim was used to establish simulation models of va-

riable vane pump and diverter valve. The VP-12-A3 type 

limited pressure variable vane pump with external fee-

dback was used in this work. The modules of the limited 

pressure variable vane pump established mainly include: 

pressure regulating module, Vane pump oil suction mo-

dule, the oil pressure cavity module, the input module of 

eccentricity and rotational speed, and the load control mo-

dule. The commonly used hydraulic components can be 

modeled directly using the model provided by HYD lib-

rary [19]. The system simulation model is as shown in 

Fig. 4. 

5.2 Simulation analysis of the oil film bearings lubri-

cation 

The simulation analysis of the oil supply lubrication 

system was mainly focused on the pressure and flow of 

the bearings. Fig. 5 and Fig. 6 show the pressure and flow 

rate of the static chambers of the eccentricity sleeves and 

the thrust bearings at 2500 rpm. Because of the fluctua-

tion of the output pressure of the variable vane pump, the 

working pressure of the limited pressure variable pump 

was adjusted to 10%-20% higher than the working pres-

sure of the system, and then the lubricating oil was fed 

into bearings after the pressure was stabilized by the relief 

valve. From Fig. 5 (a) and (b), it can been seen that the 

pressure of the eccentric sleeve static chambers reaches 

the stable value at about 0.2 s, the pressure is stable at 

about 25 bar, and the flow rate tends to be stable at 0.3 s, 

the stable value of the flow rate in the front static chamber 

is 2.52 Lpm and in the rear static chamber is 2.48 Lpm. 
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Fig. 4 Simulation model lubricating oil supply system

As shown in Fig. 6 (a) and (b), it can be seen that the 

pressure and flow rate of the two bearings are not equal 

at the initial moment. After about 0.2 s, the pressure of 

the two bearings tends to be equal, and the flow rate is 

slightly fluctuated. This is because the load on the two 

bearings is not equal at the beginning. Under the action of 

the diverter valve, the pressure difference between the 

two outlet loads is gradually reduced, so that the outlet 

pressure and the flow rate are rebalanced. The pressure of 

the two thrust bearings is stable at 30 bars. After 0.5 s, the 

flow rate fluctuates slightly around 3 Lpm, and the equiv-

alent dividing can be basically realized under the action 
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of the diverter valve. It can be seen that with the increase 

of the bearings speed, the load of the bearings increases 

accordingly, the pressure and the flow rate of the bearings 

also increase under the action of the limited pressure var-

iable vane pump, so that the bearings can be lubricated 

fully and stably under different working conditions.  

 
a) Pressure curves of eccentric sleeve static chambers 

 
b) Flow curves of eccentric sleeve static chambers 

Fig. 5 Pressure and flow rate curves of eccentric sleeve 

static chambers 

 
a) Pressure curves of thrust bearing static chambers 

 
b) Flow rate curves of thrust bearing static chambers 

Fig. 6 Pressure and flow rate curves of thrust bearings 

static chambers 

 Development of experimental equipmen for 

hydrostatic lubrication system 

According to the hydrostatic lubrication system of 80 

mps high-speed roller grinding head designed above, the 

experimental equipment was developed, as shown in Fig. 

7. The working pressure of the limited pressure variable 

vane pump was set to be 10-20% higher than that of the 

system. Under the same conditions as the simulation, the 

pressure and flow rate of the eccentric sleeves and the 

static pressure chamber of the thrust bearings were meas-

ured. The experimental results were basically agree with 

the simulation results. Therefore, the feasibility and reli-

ability of the hydrostatic lubrication system were further 

verified. 

 

Fig. 7 Experimental equipment of hydrostatic lubrica-

tion system for 80 mps high-speed roll grinding head 

 Conclusion 

A hydrostatic lubrication system was designed for the 

static chambers of the eccentric sleeves and the thrust 

bearings for the 80 mps high-speed precision roll grinding 

head. According to the structure principle of the main hy-

draulic components, the mathematical models were estab-

lished, and the simulation model of the hydrostatic lubri-

cation system was established by AMESim software.The 

simulation and experiment results of the hydrostatic lu-

brication system showed that with the increase of the 

bearings speed, the load of the bearings increased corre-

spondingly. The pressure and flow rate of the bearings 

were also increased under the action of the limited pres-

sure variable vane pump, so that the bearing could also be 

fully and steadily lubricated under different working con-

ditions. 
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