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ABSTRACT – For rocket engine turbopumps, PTFE 

self-lubricating bearings are used and PTFE is supplied 

from retainers. The bearing retainer of LE-7A rocket 

engine turbopump are one of the depletion-parts for H-!"

A/B launch vehicle because environmentally hazardous 

substances Perfluorooctanoic acid (PFOA)is used in its 

manufacturing process. The conventional retainers have 

already stopped producing. We compared the 

performance of a conventional retainer using existing 

PTFE and a new retainer using PTFE without using 

PFOA. As a result, both type of bearings showed 

excessive rise in outer ring temperature.  It means that 

there was no big difference in calorific value for both 

retainers.  In conclusion, it was found that the new 

retainer and conventional retainer show the same level of 

performance in liquid hydrogen. 

 

1. INTRODUCTION 

Current Japanese rockets, H-2A and H-2B, use 

cryogenic propellants, liquid hydrogen and liquid oxygen. 

Bearings for cryogenic turbopumps of liquid rocket 

engines cannot use oil as lubricant. One reason is its 

cryogenic temperature which is below melting point of 

every liquid lubricant, and another reason is explosive 

reaction may occur between high pressure oxygen and oil. 

Therefore, self-lubricating ball bearings are used [1]. The 

bearing retainer of LE-7A rocket engine turbopump are 

one of the depletion-parts for H-!A/B launch vehicle 

because environmentally hazardous substances 

Perfluorooctanoic acid (PFOA)is used in its 

manufacturing process. The conventional retainers have 

already stopped producing and the number of the 

retainers is limited. Therefore, a new type bearing 

retainer that PFOA is not used in the production process 

is needed to be develop. To compare the performance of 

conventional retainers and prototypes of the new type 

retainers, the bearing tests in liquid hydrogen and liquid 

oxygen environment are conducted in Kakuda Space 

Center, JAXA. In this paper, a new bearing retainer not 

using PFOA and a conventional retainer were subjected 

to bearing tests in liquid hydrogen, and their 

performances were compared. 

 

 

 

 

2. TEST PIECES 

Figure 1 shows the new type bearing retainer. This 

retainer is made of PTFE and PTFE thin film transfer to 

balls surface and inner and outer races during the 

operation of bearing [2]. Both the new type and the 

traditional type have the same appearance, but the new 

type does not use PFOA in the manufacturing process. 

PTFE is sputtered on the contact surface of the inner and 

outer ring and the surface of the ball to compensate 

lubrication at the initial stage of rotation. 

 

Table 1 Main parameters of test bearing. 

Inner diameter  40 mm 

Outer diameter  74 mm 

Material (inner ring, outer ring, balls) SUS440C 

Ball diameter  9.252 mm 

Initial contact angle  20 deg. 

 

 
Figure 1 New type bearing retainer. 

 

3 TEST EQUIPMENT 

Figure 2 shows the bearing test rig with high 

pressure liquid hydrogen. It can operate under 1.5Mpa 

pressure of liquid hydrogen and rotational speed is up to 

40,000 rpm. Rotational power is supplied by nitrogen gas 

operated turbine at the right end of the shaft.  Liquid 

hydrogen was supplied at the centre of this equipment 

and both sides of bearings are cooled with equal flow rate 

of liquid hydrogen, then liquid hydrogen was discharged 

through shaft seals of both sides. As shown in Fig. 2, the 

test bearings were alternately installed with new type and 

old type as A, B, C, D from the opposite side of the 

turbine. 

Radial forces can be actuated by piezo actuator at 

the outer surface of bearing cartridges from four direction 

x, -x, y, -y respectively, and load cells are equipped to 

measure these forces.  
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Figure 2 Bearing test rig with high liquid hydrogen. 

 

3. TEST CONDITIONS 

Test conditions are shown in Table 2.  In these tests, 

ambient pressures of bearings are controlled and liquid 

hydrogen flow rate was changed with pressure.  To 

simulate real rocket engine turbopump conditions, 

ambient pressure was changed up to 15MPaG.  Duration 

time of design rotational speed was sum of operational 

time with more than 42,000 rpm rotational speed, and this 

accumurated time was exceeded the reqired time.  

 

Table 2 Test conditions. 

Working fluid Liquid hydrogen 

Rotational speed 45,000 rpm 

Bearing room pressure 9 – 15 MPa 

Coolant supply temperature 27 K 

Coolant supply flow rate 0.89 – 1.10 L/s 

Bearing pre-load (thrust) 1,245 N 

Total time of rated rotation 2,635 s  

 

4. TEST RESULTS 

Figure 3 shows the bearing test results under high 

pressure liquid hydrogen of 9.0 MPa and rotational speed 

is 45,000rpm. Although there is variation in each bearing 

temperature, the temperatures are stable at steady rotation 

speed. Excessive temperature rise observed when 

abnormality occurred in the bearing was not observed. 

Figure 4 shows the pictures of microscopic 

observation after tests.  No severe damages are observed 

for both inner and outer ring and retainer.   There is very 

thin PTFE film on the surface of balls, and it means the 

PTFE transfer performance is good as the same as the 

traditional retainers (Figure 5).  

 

 

   
Figure 4 Inner ring (left), outer ring (centre) and retainer 

(right) observation after tests. 

 

 
Figure 5 Thin PTFE films on the surface of the balls. 

 

5. SUMMARY 

We compared the performance of a conventional 

retainer using existing PTFE and a new retainer using 

PTFE without PFOA. As a result, both type of bearings 

showed no excessive rise in outer ring temperature.  It 

means that there was no big difference in calorific value 

for both retainers.  In conclusion, it was found that the 

new retainer and conventional retainer show the same 

level of performance in liquid hydrogen. 
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Figure 3 Outer ring temperature of bearings during high 

speed operations.  


