
Other Development 
It must be evident that the items covered in the previous pages are chosen to 
represent some of the highlights and some of the transient difficulties typical 
of any complex development. 

Few advances are made without minor setbacks and while we all wish that there 
were no set backs or difficult hurdles to surmount it is a fact of life that 
it is in these areas that the remembered lessons are learned. 

In addition to the items of interest outlined there has been a vast amount of 
routine design, developmen and testing which does not have the spectacle of 
the test which goes wrong or the machine which misbehaves. 

Conclusions 
One important lesson learned from the early AGR programme is that the design 
and development of a complex nuclear project should be carried out sufficiently 
early to avoid costly and time consuming changes during the manufacturing 
phase. 

It is also important that reactor and circulator design and development go hand 
in hand to ensure compatability. 

These lessons were taken to heart in the later AGR programmes and an adequate 
design and development phase was included in the overall programme with 
excellent results. 
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Abstract 

BBC has been involved in the design and fabrication of circulators 
for helium circuits since the early days of German reactor 
technology. In the 60ies the activities in this field were started 
by the development of gas bearings for the circulators of the 
Dragon high-temperature reactor in Winfrith, UK. 

As a next step, the two circulators for the AVR experimental 
reactor in Julich, Federal Republic of Germany, were supplied. The 
cirulators, which are equipped with oil bearings, have been 
operating troublefcee since the start of commissioning in 1966. As 
a consequence of a water ingress into the reactor resulting from a 
steam generator damage one bearing was replaced in 1977 after 
72000 operating hours, up to the present date, each of the 
circulators has scored 115000 hours of operation, one of them 
without any disassembly. 

In the THTR 300 in Schmehausen, Federal Republic of Germany, 6 BBC 
circulators are in operation. The insertable circulator units 
equipped with oil bearings have successfully proven their 
operating capability without any problems during the commissioning 
phase and the 100 % power operation which was started recently. 

Currently active magnetic bearings are being developed for 
advanced gas-cooled reactors such as the HTR 100, the HTR 500 and 
the heating reactor after excellent results have been furnished by 
a small prototype in a test loop. 

This ADI circulator has since scored more than 15000 operating 
hours without any trouble. A retainer bearing test stand also 
equipped with actice magnetic bearings has been in operation for 
nearly 2 years. This test stand serves for developing the 
conditions for safe rundown of the rotors of even the largest 
circulators after the magnetic bearings have been deenergized 
unintentionally. 

Development work is conducted on the prototype of a safety-rele
vant circulator held in magnetic bearings, to be used for decay 



54 heat removal in the HTR 500. The origin-al aim to have circulators 
without auxiliary medium for bearing lubrication will thus be 
reached. The advantages to be obtained in process and systems 
design are a supplementary support to the inherent safety charac
teristics of high-temperature reactors. Another advantage of these 
bearings is cost reduction. 

Overview of Reactors with BBC Circulators 
On the basis of their decades of experience with the fabrication 
of turbines BBC has in the early years of German reactor 
technology taken up the construction of circulator' for the 
helium loops of gas-cooled reactors. The company can now look 
back on a 25-year tradition. BBC circulators are the basis for 
the successful operation of the following plants: 

DRAGON Reactor Experiment 
20 MN(th); Winfrith, Dorset, UK. 
AVR Research Reactor 
15 MW(el); Jiilich, FRG 
THTR 300 Prototype Nuclear Power Plant 
300 HW(el); Schmehausen, FRG. 

Circulators with Gas Bearings for the DRAGON Reactor 
The DRAGON Reactor Experiment (DRE) which achieved its first 
criticality on 23 August 1964 was the very first HTR starting 
operation /I/. As a joint program of 12 European countries the 
DRE involved coping with entirely new technologies which 
produced evidence of their maturity for industrial application 
in the course of over ten years of operation. This included the 
primary loop circulators with gas bearings which had been 
conceived, developed and fabricated by BBC Brown Boveri. 
Fig. 1 shows how the 6 almost horizontally supported coolant gas 
circulators are flange-connected to the heat exchanger system of 
the reactor and are completely encapsulated towards the outside 
/2/. The slight inclination of the machine axis was necessary 
for exerting a defined load on the gas-lubricated axial bearing 
/3/. This was a result of model experiments during which at 
certain pressure levels and speed ranges bearing instabilities 
had been noticed at first. 
In the end it was possible to supply machines with gas bearings 
of full operational reliability; the only auxiliary equipment 
required for them was a pressurized gas supply for startup and 
shutdown. 
Fig. 2 is a sectional view of the circulator. One can see vjry 
well that the technical arrangement still used today had already 
been implemented in these machines: 

FIG.1. The coolant gas circulator ol the Dragon reactor 
and its connection with the primary heat exchanger. 

FIG.2. Sectional view of a coolant gas circulator with 
gas bearings as used in the Dragon reactor. 



An integrated induction motor drives the shaft with the overhung radial impeller. 
The axial-radial bearing is arranged on the side away from the impeller. 
An internal cooling circuit removes the rotor heat of the circulator. Here it still operates with an auxiliary wheel arranged in a hollow shaft. 

The characteristic design data of the 6 coolant gas circulators are: 
Operating speed 1100 < n < 12000 r.p.m. 
Coolant gas pressure 8 < p < 25 bar 
Coolant gas temperature T < 420 °C 
Mass flow n < 2.5 kg/s 
For a characterization of the operating behavior I would like to quote from the final report DPR 1000 /!/ of the OECD high-temperature reactor project published in 1978: 
"These machines proved to have unrivalled reliability and convenience in use. Two of the six operational machines ran for seven years without any maintenance or inspection whatsoever and at the end of this time were still in perfect condition. The avoidance of shaft seals, the unusually compact electric motors made possible by high shaft speeds, internal helium cooling, low bearing resistance, and the freedom from vibration and noise generation greatly simplified operation, and it must remain a cause of regret that development of these machines to large sizes stopped when apparently in sight of success." 
Despite the obvious benefits of gas bearings the further development of this type of circulator was discontinued by BBC. The reason is a simple physical fact: 
For geometrically similar circulators the weight increases with the third power of the dimensions, whereas the bearing surface increases only with the second power. In addition the tolerance problems at the gas bearing gap, which must always have a fixed value for safe operation, increase for larger dimensions. These relationships based on natural laws apply to pad-type bearings as well which contrary to sleeve-type gas bearings have a reduced specific bearing capability, however, and are therefore only used for smaller auxiliary fans. 
AVR Coolant Gas Circulators with Oil Bearings 
Fig. 3 is a sectional view of one of the two coolant gas circulators of the AVK /«/. The internal circulator coolant loop 

FIG.3. Sectional view of a coolant gas circulator 
as used in the AVR. 

here runs no longer through a hollow shaft, contrary to that of the gas-supported DRAGON machine. The small auxiliary trn wheel is now arranged on the shaft. The principle of the fully helium-tight circulator has not changed. The proven arrangement of integrated induction motor with variable-frequency power supply was maintained, as was the overhung, radially acting fan wheel. 
The two horizontally mounted circulators have been in operation without any problems since the start of power operation in 1967. The characteristic design data of the two coolant gas circulators with oil bearings are: 

Operating speed 400 < n < 4400 r.p.m. 
Coolant gaa pressure p ca. 10 bar 
Coolant gaa temperature 175 g T < 350 *C 
Mass flow M £ 6)5 kg/s 

The circulators were first designed for a helium/neon mixture of 22 and 78 percent by volume, respectively. But they war* then exclusively operated with 1001 helium. Mr. Ziermann will report on the excellent operating experience in a separate paper. 



Since 1981 the circulators and their equipment peripherals have 
not contributed at all to any involuntary reactor shutdowns. 
After approx. 116,000 hours of operation only 2 events in the 
area of adjacent systems deserve being mentioned: 

The speed control system of the circulators equipped with 
induction motors is based on the functioning of rotary 
converters, since the solid-state frequency converter 
technology had not yet been developed in the sixties. 
The converter system arranged outside the reactor and 
consisting of DC supply, DC motor and synchronous generator 
was modernized in the seventies without changing the 
principle (replacement of the mercury-arc rectifiers and of 
the DC motor). 

After a steam generator leakage in 1977 both circulators 
were submerged in wator to above their axes. After the 
circulator nas been dried the bearing oil loops were purged. 
In conjunction with these activities a seal between the 
bearing oil and the cooling water loop was not properly 
tightened. Hater penetrated into the bearing oil and caused 
the bearing temperature to rise during operation. Damage to 
the circulators was avoided by an immediate shutdown. A 
tarnished bearing was replaced (after 72,000 hours of 
operation). The second circulator is still in operation in 
its original condition corresponding to that of 1967. 

At the 9th VGB * Congress Mr. Ziermann referred in his lecture 
on the operating experience with the AVR to his coolant gas 
circulators with the words: " The circulators are our model 
children" 
Modular Circulator Units with Oil Bearings 
for the THTR 300 
Pig. 4 shows one of the 6 coolant gas circulators of the THTR 
300 during assembly in the assembly and disassembly device. 
Apart from the dimensions and some details regarding the sealing 
gas system there is not much difference between this circulator 
and the circulator design or the AVR. I shall report on further 
circulator details and on the operating experience to date in a 
separate paper together with Director Glahe from the operating 
company HKG later during this meeting. 

The design data of the circulator are: 

Operating speed 2800 < n < 5600 r.p.m. 
Coolant gas pressure 1 < p < J8 bar 
Coolant gas temperature T < 300 *C 
Mass flow M < 50 kg/s 

* v<3B - Federation of Large German Power Plant Operators 

FIQ.4. Assembly ol a helium circulator. 

Pig. 5 is a sectional view of one of the six identical 
circulators. A circulator stop and control valve is an integral 
component part of the machine. With this valve and with an 
lydraulic control system it is possible to throttle the mass 
flow at constant speed. This is necessary both for decay heat 
removal operation and for the startup of a circulator with five 
circulators already in operation. It also allows reactor 
operation with five circulators only. 

FIQ.S. THTR main circulator. Intertable module. 



The functioning of the circulators was verified by means of two 
machines during workshop trial runs. Apart from a trial run 
lasting 100 hours additional experience was gained during a 
further 340 operating hours. 
In the reactor the frequency-controlled drive is based on two 
speed-controlled steam turbine sets (each turbine set for 3 
circulators). The three years of operating experience gathered 
to date during hot functional testing, commissioning and power 
operation have yielded excellent results. 
Coolant Gas Circulators with Active Magnetic Bearings as a Major Innovative Step in HTR Technology 
Radial and axial active magnetic bearings due to their specific 
features and operating characteristics can meet technical 
requirements beyond the scope of conventional bearings. With 
these tarings rotating machines can be arranged encapsulated in 
the process medium without any risk of interaction with 
lubrication oil or stationary component parts during normal 
operation. They are *-hus predestined for use in gas-cooled 
high-temperature reactors. 
tfo oil system has to be provided: NO penetration of oil into the 
primary gas need be feared, and there is no risk of fire, 
explosion and contamination involved in oil storage tanks and 
oil under pressure. In active magnetic bearings the oil system 
is replaced by an electronic control system which can be of 
redundant design, if required, so that in the event of a failure 
of one control system a switchover to the second control system 
takes place without any interruption of plant operation. In case 
of a power failure a battery-backed coastdown of circulators 
with active magnetic bearings will take place. 
And as no lubrication oi3 for bearings is required, the need to 
separate oil and gas circuits exists no longer, and therefore no 
complicated labyrinths supplied with sealing gas are necessary. 
The circulator motor compartment can now be completely 
encapsulated against its surrounding and designed as an 
appendix to the primary reactor loop. The desired freedom from 
maintenance is thus achieved in a way not reached before in 
mechanical engineering. 
Circu.'ators with Active Magnetic Bearings 
for the API Plant 
Pig. 6 shows the plant built by HRB for endurance tests of 
thermal insulations in the high-temperature range. For this 
plant helium of up to 950 °C must be circulated. A horizontally 
supported blower sucks the helium in through a heater to supply 
the test section /5/. 
The circulator impeller exposed to the hot gas has a diameter of 
approx. 500 nun. Two radially and one axially acting active 
magnetic bearing units support the circulator shaft with the 

FIG.6. AOI plant for endurance tests of thermal Insulations. 

impellers mounted in "overhung" mode. For extreme emergencies 
and when the circulator is at standstill additional mechanical 
retainer bearings (ball bearings) are also available, but during 
normal operation they remain inactive. 
The design data of the ADI circulator are: 

Operating speed 1800 < n < 3600 r.p.m. 
Coolant gas pressure 1 < p < 70 bar 
Coolant gas temperature 20 < T ̂  950 "C 
Mass flow K < 4.2 kg/s 

The ceramic insulation of the magnetic bearing coils and of the 
20 KW induction motor is designed for 450° C. The circulator has 
now achieved lb 000 operating hours without any difficulties. No 
disturbance-induced shaft drops into the mechanical retainer 
bearings have occurred to date. 

5.2 Retainer Bearing Test Facility with 
Active Magnetic Bearings 
When the active magnetic bearings are de-energized or have 
failed retainer bearings take over their duties to prevent any 
contact between rotor and stator and, thus, damage inside the 



machine. The ball bearings arranged in the retainer bearings are 
inoperational during normal circulator operation. The tolerance 
between retainer bearings and rotor amounts normally to half the 
magnetic bearing air gap which is between 0.3 and 1.0 mm. 
Fig 7 shows the retainer bearing -est facility with active 
ir stic bearings which was constructed by BBC and set up at HRB 

Julich. It is used at present within the scope of a R&D 
project sponsored by the Federal German Government to 
investigate the proper functioning of retainer bearings under 
simulated reactor conditions. 

FIG.7. Retainer waring test facility with active 
magnetic bearings. 

The objective is to qualify the retainer bearings for at least 5 
drops from full cirjtilatoc speed. The results available to date 
basically confirm the expectations regarding the safety 
requirements of a coolant gas circulator for decay heat removal. 
Prototype of a Circulator with Active Magnetic Bearings for 
Safety-Related Tasks 
For the operation of a gas-cooled reactor guaranteed decay heat 
removal is necessary in order to avoid in the event of an 
accident that the heat is removed via natural convection with 
high temperature gradients in the plant. Circulators with active 
magnetic bearings will serve for selective decay heat removal 
with positive convection in the reactor loop in future projects. 

Since the licensing procedure prescribes special safeguards a prototype of such a system is experimentally tested in a test loop. 
The main features of the circulator will be presented in a 
separate paper by Or. Engel; I can therefore confine myself to 
mention only its main features. 
The circulator includes the same proven modules as the other 
circulator types constructed to date. In an integrated design 
the circulator shaft combines the rotor of the induction motor 
with the overhung impeller. The running speed is 
frequency-controlled via solid-state converters, a technology 
which can be regarded as fully established not only due to the 
successful operational experience with the E120 three-phase 
locomotive developed by BBC. 
we continue to stick to a single-stage radial impeller with 
down-stream diffusor, because the serviceability of the machine 
for a reactor service life of 40 years can best be achieved with 
this design. 
New features are the vertical arrangement of the circulator axis 
for rotor weights of up to a few tons and, obviously, the 
non-contacting active magnetic bearings. The implementation of a 
safety-related circulator simultaneously meets circulator 
requirements with purely operational functions for the various 
reactor lines. 
On the basis of the present experience BBC Brown Boveri expects 
a high reliability potential for the new circulator types. 
We wish to express our thanks to the Federal Minister of 
Research and Technology for the opportunity to report on our 
activities, we are convinced that with active magnetic bearings 
and with the vertical circulator design a major step forward to 
reduce costs and, .' -multaneously, to facilitate the operational 
boundary conditions will be made. 
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Abstract 

A high-pressure engineering test loop has been designed and 
constructed at the Oak Ridge National Laboratory £.r circulating helium 
through a test chaaber at temperatures to 1000*C. r*e purpose of this 
loop is to date -nine the thernal and structural performance of proposed 
components for the primary loops of gas-cooled nuclear reactors. Five 
MW of power is available to provide the required gas temperature at the 
test chaaber, and an air-cooled heat exchanger, rated at 4.4 MW, serves 
as a heat sink. 

Three gas-bearing circulators, mounted in series, provide a 
maximum volumetric flow of 0.47 a'/s and a maximum head of 78 kj/kg at 
operating pressures from 0.1 to 10.7 MPs. Control of gaseous 
impurities in the circulating gas was the significant operating 
requirement that dictated the choice of a circulator that is lubricated 
by the circulating gas. The motor for each circulator is contained 
x'tthin the pressure boundary, and it is cooled by circulating the gas 
in the motor cavity over water-cooled coils. Each aotor is rated at 
200 kW at a speed of 23,500 rpm. The three units were designed, 
fabricated and performance tested by Hechanical Technology, Inc. (HTI). 

The circulators have been operated in the loop for more than 
5000 h. The flow of the gas in the loop is controlled by varying the 
speed of the circulators through the use of individual 2S0-kVA, solid 
state power supplies that can be continuously varied in frequency from 
50 to 400 Hz; these units were aanufactured by Servo Optics. To 
prevent excessive wear on the gas bearings during startup, the 
circulator aotor accelerates the rotor to 3000 rpm in less than one 
second. Circuits within the power supply monitor both startup and 
direction of rotation and terminate operation when necessary "-o prevent 
bearing damage. 

During operation, no problems associated with the gas bearings, 
per se, were encountered; however, related problems pointed to design 
considerations that should be included in future applications of 

^Research sponsored by the Office of Advanced Reactor Prograas, 
U.S. Departaent of Energy, under contract DE-AC05-840R21400 with Martin 
Marietta Energy Systems, Inc. 


