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The technical features are summarized with important test results
and disturbances through the operation of HENDEL in the period from
March 1986 to Feburuary 1987. In the period, HENDEL M+A loop was
operated comparatively stable with T, and newly adapted T,. As to the
adaptation of T,, the hot gas duct was dismantled and examined for old
one and new ducts were constructed between M+A loop and T.. Besides
the operation and adaptation, the adjustments and maintenance had been
carried out for the regular inspection and safety operations.

The technical disturbances were encountered with the gas circu-
lators and the electric power system through the operation. From the
countermenasures and the tests for them, some technical informations
have obtained and are expected to give valuable data for design and
operation of the VHTR and general industrial system.

Keywords: HENDEL, Helium, Hot Gas Duct, Gas Circulator, Whirling, Ty,
T., Flange, Hastelloy-X, Gas Bearing, High Voitage
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1. INTRODUCTION

In last one year (March 1986 to fFebruary 1987) M+A loop including T,
and T, test sections was operated in comparatively stable condition.
During the period, main events on the HENDEL were installation and
initiation of operation of T, test section which aims to test main high
temperature parts  of in—core structure of experimental VHIR.
Installation of T, test sectien including newly adapted hot gas ducts was
finished 1in March 1986. The acceptance test operation of it was also
carried out from 16th April through 6th June 1986 without large trouble.

As to the T, installation, the flow diagram of HENDEL's high
temperature portion was partially modified, i.e., the entering and
returning to and from T, hot gas ducts in which nearly 1,000°C helium
flows were newly connected. Relatively low temperature pipings(7400°C)
were also connected between T, and M+A loop.

The hot gas duct formerly used as a part of high temperature helium
circuit was removed from the Tloop and was examined its integrity,
mechanical properties and oxidation etc.. The examinations of the old
hot duct are being continued still now and will give the valuvable
information on VHTR's hot gas duct.

The test on T, using smaller loop of HENDEL(M,) is also continued
including natural convective cooling, simulated ccoling channel closed
cendition, etc..

The disturbances had been experienced on gas circulator{B,) and its
back up machine used for M, loop which have a regenerative iype impeltler.

Those disturbances are bearing and shaft damage caused by shaft
whirling{low freguency vibration) and non-starting difficulty from
wearing of journal bearing shaft and pads. The latter one on the gas

circulator is in couse of repairing and examination.
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The test section on high temperature helium heat exchanger(T,) will
be postponed more from budget reasons, however, the preparaticn of a
partial model will be started in 1987 fiscal vear and tests in high

temperature atmosphere will be succeeded to it.
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2. OPERATION HISTORY, MAINTENANCE AND INSPECTION
2.1 OPERATION

From April 1986 to February 1987, four cycles operation have been
carried out with two Toops of HENDEL1 i.e., M, loop with T; test section
and M,+A loop connected with the newly installed T, test section.

Figures 2.1.7 to 2.7.4 show the operating histories from No.16 cycle
cperation in April 19856 to No.19 cycle operation in February 1587.

Operating hours of them are es follows:

M,+T, Toop M, +A+T, Toop

No.16 cycle operation
(16 April - 6 June 1986) 943 hours 808 hours
Ne.17 cycle operation
(18 June - 9 July 1986) 451 hours 307 hours
No. 18 cycle operation
{22 October - 18 November 1686) 594 hours 552 hours
No.19 cycle operation
(4 February - 24 February 1987) 306 hours 441 hours

Total 2,294 hours 2,108 hours

Test objectives of these operations are as follows:
(1) Heat transfer and fluid-dynamic tests on the experimental VHTR
simulated assembly with T; test section.
a) MNatural convection test of the VHTR fuel bleck using the multi-
channel test rig(in No.16-17 cycle operation)
b) Forced convection test in the case of one channel among twelve
channels is closed with the multi-channel test rig{in No.18 cycle

operation).
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¢) Pressure drop and friction factor measurement of the VHTR
control rod channel with the single~channel test rig{in 16~19 cycle

operation).

(2) Performance tests of sealing and thermal insulation of the
experimental VHTR <core structure with T, test section(in No.17-19
cycle operation).

a) Sealing performance test of the fixed reflector blocks around

the core bottom structure,

b) Mixing test of helium gas in the hot plenum.

¢) Insulation performance test of the core bottom structure

including carben blocks.

(3) Vibration and bearing tests on the gas circulators.
Test items and conditions from No.16 to No.19 cycle operation are
summarized in Table 2.7.1.
During the operations, the impurities concentration in the helium
were measured continuously with gas chromatograph and were kept Tow

enough. Figures 2.1.5 and 2.1.6 show typical results of the measurement.

2.2 MAINTENANCE AND INSPECTION
(1) REGULAR INSPECTION AND ADJUSTMENT
From July through September 1986, adjustments and regular
inspections were carried out on high pressure helium gas system and high
pressure cooling water system which cools down very high temperature
helium in HENDEL's M+A loop and T, test section. In these adjustments
and inspections, the pressure vessels were inspected using magnetic

particle test, fluorescent color check, leakage check with bubble method
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and pressurizing test. The wall thicknesses were also measured for
pressure vessels of large heaters, coolers and test sections employing an

u1tra—sonic device, however, any remarkable defect was not Tound.

(2) ADJUSTMENT AND REPAIRING

Adjustments and repairing were made for the instrumentations and
control systems for M+A Toop and test sections. Among them, measuring
transmitters of temperatures, pressures, differential pressures were
accurately re-calibrated using a special tool, and some circuits cards
were exchanged. The digital control systems were tested and adjusted
for the system of M+A  Toop("MICREX"), T,("U-PACK"} and the process
controlling computer("U-4C0"). Among the those tests and adjustments,
cleaning and testing were made for the main hardwares including
processors, disks and irput/output devices. The memory test and 1/0
interface tests were also done for the control systems. The softwares
were checked on the operating system and the apllication softwares using
a special software tool and dummy input signals. The key boads and the
cathode ray tube(CRT) displays of operator's consoles were adjusted and
exchanged with some new parts including CRT, contacts and electronic
parts.

The electric power supplying system were also adjusted anc inspected
for high voltage and Tow voltage lines. In the high voltage 6kV
commercial line, power cubicles  which include vacuume circuit
breaker(VCB), protecting relays and instrumental transformers etc. were
adjusted and renewed with some contact parts. After the adiustments.
insulation resistances were measured and the withstand voltage tests were
carried out applying high voltage between the circuit line and ground.

For the Tlow voltage 400v¥, 200V and 100V commercial tines, the "POWER
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CENTER"s and "CONTROL CENTER"s were adjusted and tested in Tikely way to
the high voltage Jine. The former one means a cubicles in which a
large capacity switch gear and some accessories are equiped, and in
latter one, a large number of various capacity circuit breakers, magnetic
contactors and auxiliary relays are installed. The battery inverter
which feeds non-stoppage current to the control systems was aliso adjusted

and tested for semi-conductor devices and alkali-batteries.



JAERT—M 87—058

3. MODIFICATION

Some modifications associated with the adaptation of T, test section
to M,+A loop were made for the succeeding operation of HENDEL in last one
year. The summaries of the modifications are described in the

following subsections.

3.1 M,+A LOOP
M,+A Toop was modified for the adaptation of T, test section.
Figures 3,1.1 and 3.1.2 show the Tlow diagrams of M,+A loop before and
after the modification respectively. Besides these adptation, the
electric power supplying system and the instrumentation/control system
were newly adapted for the T, test section.
The items of modifications are as follows:

(1) A hot gas duct between the heater Hs, and the cooler €3, was

removed, and new hot gas ducts were mounted between M,+A Toop and T,

test section.

(?) Comparatively lower temperature gas pipings were instalied between

M, locp and T, test section.

(3) Software and hardware for the process centrol computer were

nartially modified associated with the operation of 7, test section.

(4) The digital control system ("CENTUM™} was installed and software

of it was settled for direct digital control of T, test section.

(5) The electric power supplying system was newly adapted for the

internal heaters {region heaters) and the valves etc, to high and low

voltage lines respectively.

(6) The data acquisition network ("Shared Resource Management', SRM)

system was established with hardware and software.
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3.2 CONTROL AND ELECTRIC POWER SYSTEM

Seven internal heaters (region heaters) are allocated in the T, test
section above the simulated core bottom structure. These heaters are
used for raising up the temperature of helium gas from 930 to 1,050°C in
the flow rate of 4 kg/s.

The electric power supplying system cansists of four pairs of 900kVA
induction voltage regulators(IVR), transformers(TR) and high voltage
switch gear cubicles for these internal heaters. Valves, vacuum pumps
and other auxiliary components for the T, are fed by low voitage lines
from "CONTROL CENTER" which was also adapted. The skeleton diagram of
the electric power supplying system is shown in Fig.3.2.7 with former and
newly adapted circuits. Electric power of internal heater in T, test
section was distributed from 6kV commercial }ime via the vacuum circuit
breaker(VCB(52F22)) and was divided into four circuits via four VCBs.
Maximum electric capacities of the heaters are 730kW for the heater in
central region, 365kW for each of six heaters in circumferential region.

As the control system for the T, test section, the digital control
system ("CENTUM") was installed, and the application software of Process
Control Computer('U-400") was partially modified. Figure 3.2.2 shows

the schematic diagram of the control sysﬁem of My+A with T, test section.

3.3 HOT GAS DUCT

New hot gas ducts were installed between M,+A Joop and T, test
section. Figure 3.3.1 shows an appearance of the hot gas duct
connected with the helium gas inlet of T, test section, Main
specifications of these hot gas ducts are shown in Table 3.3.7 and cross
sectional view of them are shown 1in Fig.3.3.2. Both of them arc

insulated by KAOWOOL and dividing metal plate inside of the pressure
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tube, however, they differ 1n the shape of spacer rings each other as
described din subsection 4.1. The KAOWOOL used in them are recently
modified one, and are improved against the deterioration of insulation

for a long time exposure in high temperature atmosphere.

ig_.
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4. TECHNICAL TOPICS AND TEST RESULTS
The  technical topics and disturbances in last one year are

summarized in following subsections through the operation of M+A loop.

4.7 EXAMINATION OF USED HOT DucT

As to the adaptaticn of T, test section, newly manufactured hot

ducts and relatively low temperature pipings connected between M+A and T,
test section. There are two types of new hot gas ducts, however, the
specifications of them are same except for spacer rings as shown in
Figs.4.7.7(a) and (b). The reason why two types of hot gas ducts are
used 1is that the manufacturers of them are different and judgements for
the stress in the spacer rings are not quite same, moreover, the
experiences on ménufacturing the hot duct are different between them.
On the other hand, the formerly used hot gas ducts which has the
constiruction as same as the new type hot gas duct shown in Fig.4.1.1(a),
was removed from the Toop and was cut into some pieces. Thereafter
total integrity, mechanical properties and micro-structures of Hastelloy~-
X Tliner tube were examined.

From the examination on the old hot duct, the total integrity of it
indicated no remarkable problem through the service time of nearly 6,000
hours which contains more than 30 percent of cver 500°C sarvice. As
expected naturally, the mechanical properties of liner tube are found to
be significantly aggravated as shown through Figs.4.7.2 to 2.1.4. It
is considered that the aggravation of mechanical properties are mainly
associated with formation ofr rough grains and with formaticn of grain
boundary precipitates. Resuits on the examination will be reported in

detail in the another report.
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4,2 TECHNICAL DISTURBANCES ON GAS CIRCULATOR(B;)

Technical disturbances had experienced twice on gas bearing type
helium gas circulators for the original and the backup machine which had
been installed for M, loop in that time. The main specification of
them are almost same except for lining material of journal shaft and
pads, i.e., type, flow rate, pressure, gas temperature, speed and power
are  regenerative, 0.4kg/s, 4MPa,  400°C, 12,000 rpm and 1179kW
respectively. Those disturbances and countermeasures are described in

following subsections.

(1) WHIRLING TROUBLE ON GAS BEARING

The gas circulator{original) had been damaged in the enrd of 1885,
however, the technical reason and conditions had not been clarified for a
long time. Because some troublesome discussions wasted the time to
make materialized countermeasures, The discussion means the
responsiblity on repairing of the preceding trouble(cf. KVK/HENDEL J-7).

After all of those discussions the circulator was overhauled and
examined in detail. It was found from the examination that the upper
journal shaft and pads had been damaged considerably as shown in
Figs.4.2.1, 4.2.2 and the pad supporting pivot was alsc demaged as shown
in Figs.4.2.3, 4.2.4. After the examination, the sleeve, pads and the
p{vot of upper journal bearing were renewed or partially repaired.

As the damage had occured in only a few seconds at the operating
condition of nearly 9,000 rpm in 4MPa helium, it was presumed the damage
might be caused from the whirling or "0il-Whiping" of the shaft.
Proving the realistic reason of the damage, a series of running test were
carried out after repairing in both air and helium with various

pressures.
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In the series of tests, measurement dtems were the shaft
displacement at both shaft ends in right angular directions, fluid
dynamic forces on pads of upper and lower journal shaft and vibrational
acceleration of the machine body. Figure 4.2.5 4llustrates the
schematic arrangement of pivots with and without load cell, inlet and
outlet nozzles and the direction of forces shown in Fig.4.2.7.
Spectral vibrational force to the pivot and displacement of the shaft
showed the half-speed-whirling in the range of over 8,000 to 9,000 rpm as
shown in Fig.4.2.6. It was found moreover, the difference of statié
forces shown in Fig.4.2.5 increases proportinaily with the pressure rise
in the circulator as shown in Fig.4.2.7.

From the facts mentioned above, it should be concluded that as the
pressure rise around the impelier .of the circulator causes a force
perpendicular to its axis. Then it makes the shaft eccentricity in
bearing so Tlarge that it makes impossible to keep balanced condition of
tangential forces around the journal shaft. Finally the shaft will be
forced 1in tangential direction and rotaticnwise, and then it grow into a

whirling condition.

(2) STARTING DIFFICULTY OF GAS CIRCULATOR

At the begining of 19 cycle operation of HENDEL in Feburuary 5th,
1887, it became impossible to start the gas ciculator(back up) with over
current in driving circuit. Therefore the electric circuit devices
were ckecked, however, no defect could be found. So that the machine
was overhauled and preliminary examinations were made visually and the
wearing conditions of jourrnal shaft and pads were measured. On the
other hand, the suspended machine(original) was mounted instead of failed

one immediately after of the failure to continue the operation.
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Through the preliminary examination it was found that the journal
shaft and pads are weared in unexpected degree and substance which must
be from the weared parts are sticked on the surface of thrust collar.
Moreover, the surface of motor rotor were considerably rusted inspite of
use in helium atmosphere. Figures 4.2.8 through 4.2.13 show the weared
shaft and pads and the results of wearing measurements are shown 1in
Figs.4.2.14 and 4.2.15.

From the preliminary examination menticned above, 1t might be
thought -that the humidity in the helium increased abnormally and then it
caused rust on rotor surface at the first step. The rust powder
separated from the rotor might drop in the clearance of the bearings, so
it caused wearing unexpectedly. The powder or weared substances from
the parts also might enter into the gap between thrust collar and pads
which supports dead weight of the rotating part. The weared substances
onto the thrust bearing assembly were sticked on it by the heat from the
extremely high speed friction of the bearing. (£169m/s)

The assumption mentioned above will be probably trustful, however,
the humidity in helium have been kept below the Tevel fof dew point of
-20 to -60°C. So it 1is unknown the reason how the rotor had been

rusted in such condition at the present time.

4.3 HIGH VOLTAGE POWER SUPPLY DISTURBANCE

The short—-circuit disturbance had happened in high voltage power
circuit for helium heater(H;,) of M;+A loop. The disturbance was also
encountered 1in the begining of 19 cycle operation(February 6th, 1987)
when the vacuum circuit breaker{VCB) for the heater was turned on via
control system. Figure 4.3.1 shows power circuits of the heater,

YCB(074-04) was turned on from the control room and VCS{42) followed it
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automatically, Jjust on the time a bursting sound had heard and the
commercial Tine had stopped.

Checking the causes of the disturbance, it was found that the cause
of it was simple but results from it were considerably serious. The
short . circuit was made bylthe temporarily connected wires in secondary
side of the VCS(42) in Fig.4.3.1 which were used for the preceding
insulation test and were left by carelessness. From this happening,
the cubicle which made of steel plates and equiped the switch gear(VCS)
and some accessories was considerably deformed. The VCS itself and
some devices in the cubicle were considerably damaged as shown in
Figs.4.3.2 to 4.3.4. Moreover, the VCB(074-04) also tripped and the
Main-Frame computers and some dimportant machines in Tokai gite were
tripped or halted by the current stoppage or a shock pulse from the very
large current. A1l of damaged devices were exchanged into new one or
repaired and tested immediately after of the happening and the operation

have started.

4.4 MEASUREMENT OF HELIUM LEAK RATE FROM MAIN FLANGES OF PRESSURE VESSELS

The helium TJeak rate was measured to estimate it from the main
flanges of large reactor vessels and some reactor components. For this
purpose, the pressure veseel of T, test section was used for convinience
of measurement. Sectional view of the flanges and the measuring set up
are illustrated in Fig.4.4.7. As shown in the figure, sealing is made
by double INCONEL O-rings which plated with silver and outer peripheral
of the flanges were absolutely sealed by welded metal plate{"U-seal™).
The space between O-ring and O-ring and the space between O-ring and "U-
seal” are led to the pressure guages in usual operation.

For the purpose of present measurement, the two spaces mentioned

_._147
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above were conducted to the manometers and the measuring glass cylinders
as shown in Fig.4,1.1.

Figure 4.4.2 shows measured helium flow rates from inner and outer
spaces in the condition of cold(rocm temperature} helium gas. The
mesured flow rate from the fnner space was found to be 1.6 to 3.4 x 1Ou3
{cc/sec) during the operation.

On  the other hand, the measured va]ué from outer space was detected
only when the helium temperature and pressure were changed. It might ke
caused by the thermal expansion of the gas contained in the space before
measurements.

These facts indicates that the sealing method with double O-rings 1is

highly effective to reduce helium leakage from the flanges of vessels.
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Fig.2.1.5 Impurity Concentration
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Fig.3.3.1 Appearance of Hot Gas Duct connected with Gas Inlet of T,
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Fig.4.1.2 Absorbed Enargy of Hastelloy ¥ Obtzined by Room-Temperature Impact Test
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Fig.4.2.1 Damaged Journal

Fig.4.2.2 Damaged Upper Journal Bearing Pad
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Fig.4.2.3 Damaged Pad Supporting Pivot

Fig.4.2.4 Damaged Pad Supporting Pivot (Sectional View)
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Fig.4.2.8 Upper Journal

Fig.4.2.9 Lower Journal
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.

Lower Journal Bearing Pad

Fig.4.2.1

Fig.4.2.10 Upper Journal Bearing Pad
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Fig.4.2.12 Thrust Collar

Fig.4.2.13 Thrust Bearing Pad
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Surface Roughness

Fig.4.2.14 Damaged Condition of Upper Journal



JAERI-M 87-058

Surface Roughness

Fig.4.2.15 Damaged Condition of Upper Journal Bearing Pad
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Fig.4.3.2 Vacuum Magnetic Contactor Switch (VCS)
(Connected Cables are partially melted.)

Fig.4.3.3 Disconnecting Switch in VCS Cubicle

Fig.4.3.4 Damaged Potential Transformer in VCS Cubicle
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Fig.4.4.1 Sectional View of Flanges and Measuring Set Up
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Fig.4.4.2 Measured Helium Flow Rates from Inner and Outer Spaces
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