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ABSTRACT – A turbopump fed LRE (Liquid Rocket 

Engine) is used for space launch vehicle to acquire high 

thrust to weight efficiency. Rolling contact ball bearings 

are utilized almost exclusively for liquid propellant 

rocket engine turbopump. Self-lubricated ball bearings 

without additional oil lubrication are used for supporting 

the turbopump rotating system. In the present study, 

bearing load supporting capability is verified for a high 

thrust class turbopump. To evaluate bearing heat 

generation, friction torque is investigated as a function of 

rotational speed, bearing load and cooling flow rate 

through an experimental study using water coolant. 

 

1. INTRODUCTION 

A turbopump fed LRE (Lquid Rocket Engine) is 

used for space launch vehicle to acquire high thrust to 

weight efficiency. A turbopump supply high pressure 

oxidizer and fuel to an engine. Formerly, an experimental 

30 ton thrust class turbopump had been developed 

through real propellant test by KARI (Korea Aerospace 

Research Institute) [1-2]. On the other hand, a 75 ton 

thrust class turbopump newly began to develop for an 

increasing engine thrust level. The turbopump rotating at 

high speed is comprised of an oxidizer pump, a fuel pump 

and a driving turbine. Self-lubricated ball bearings 

without additional oil lubrication are used for supporting 

the turbopump rotating system. The turbopump bearings 

should endure high speed, high load and poor lubrication 

under extreme operating condition. In the present study, 

bearing load supporting capability is verified for a 75 ton 

thrust class turbopump. Furthermore, bearing friction 

torque is also investigated as a function of rotational 

speed, bearing load, and cooling flow rate using water as 

model fluid. 

 

2. TEST ITEM AND CONDITION 

Bearing cage made of PTFE (Poly-tetra-fluro-

ethylene) provides solid lubricant and protects explosion 

in cryogenic oxidizer condition. Although the test 

bearing is produced for liquid oxygen operating 

condition, water test is performed to easily investigate 

friction torque characteristics depending on test 

parameter variation. Endurance performance is also 

tested using water for the specified requirement. In the 

near future, bearing durability will be verified step by 

step under cryogenic liquid Nitrogen and Oxygen 

environment. Range of test parameter including 

rotational speeds, cooling flow rates and bearing loads 

are shown in Table 1.  

 

 

 

Table 1 Test parameter and range. 

 

Figure 1 shows the layout and configuration of 

bearing test rig. Bearing loads are applied to the test 

bearing outer race through the bearing bushing supported 

by cylinder rods in radial and axial directions. Applied 

bearing loads are adjusted by regulating Nitrogen gas 

pressure in the load cylinders. Water is supplied as a test 

fluid through the cooling flow inlet to fill up the test rig. 

Internal fluid pressure of the test rig remains constant by 

supplying pressurized Nitrogen gas. Bearing cooling 

flow rate is controlled by a control valve located at the 

outlet.  

 

3. PERFORMANCE TEST 

Bearing friction torques are measured firstly as a 

function of cooling flow rate under bearing unloaded 

condition and secondly as a function of bearing radial 

load under zero cooling flow rate condition as shown in 

Figure 2. Rotational speed varies in three levels with 

7,000 rpm, 9,000 rpm and 11,000 rpm. At the first 

investigation, cooling flow rate shifts from 0 liter/sec to 

3.5 liter/sec at each rotational speed. The second 

investigation makes bearing radial load gradually 

increase from 5 kN to 20 kN by 5 kN. 

Test results are shown as marks in Fig. 2 and curve 

fittings with approximate equations are also presented at 

each rotational speed. The approximate expressions for 

bearing torque are modeled as an exponential function of 

cooling flow rate at the first experiment and as an 

exponential function of radial load at the second 

experiment, respectively. 

 

T =  !"# + $!"# % &'          (without bearing load) (1)  

T =  !"# + (!"# % )*,
-

        (without cooling flow) (2)  

 

Bearing endurance performance is also verified 

with respect to the load supporting requirement at 11,000 

rpm same as the turbopump operating speed. Both radial 

load (1 kN) and axial load (15 kN) are applied to the 

bearing simultaneously. Total accumulated test time is 

2,100 sec fifteen times longer than the turbopump 

operating time. 

Parameter Range 

Test fluid Water 

Rotation speed (rpm) 
7,000 / 9,000 / 

11,000 

Cooling flow rate (liter/sec) 0~3.5 

Bearing radial and axial loads 

(kN) 
0 / 5 / 10 / 15 / 20 
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Figure 1 Layout of bearing test rig. 

 

  
Figure 2 Bearing torque as a function of cooling flow rate and radial load. 

 

4. CONCLUSION 

A ball bearing for high thrust class turbopump is 

tested using water to evaluate friction torque and verify 

endurance performance. Rotational speed, radial and 

axial loads and cooling flow rate are chosen as test 

parameters for the bearing friction torque investigation. 

The required design life for bearing is confirmed through 

an endurance performance test by simulating the 

turbopump operating condition. Bearing durability is 

going to be verified step by step using cryogenic coolants 

such as liquid Nitrogen and Oxygen in future consecutive 

research.  
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