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Design, Fabrication and Transportation of Si Rotating Device
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Si semiconductor production by Neutron Transmutation Doping (NTD) method using
the Japan Materials Testing Reactor (JMTR) has been investigated in Neutron Irradiation
and Testing Reactor Center, Japan Atomic Energy Agency (JAEA) in order to expand
industry use. As a part of investigations, irradiation test of silicon ingot for development of
NTD-Si with high quality was planned using WWR-K in Institute of Nuclear Physics (INP),
National Nuclear Center of Republic of Kazakhstan (NNC-RK) based on one of specific topics
of cooperation (STC), Irradiation Technology for NTD-Si (STC No.II-4), on the implementing
arrangement between NNC-RK and the JAEA for “Nuclear Technology on Testing/Research
Reactors” in cooperation in research and development in nuclear energy and technology. As
for the irradiation test, Si rotating device was fabricated in JAEA, and the fabricated
device was transported with irradiation specimens from JAEA to INP-NNC-RK.

This report described the design, the fabrication, the performance test of the Si rotating

device and transportation procedures.

Keywords :JMTR, NTD, Irradiation Test, Silicon Ingot, WWR-K, Si Rotating Device
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Table 1 Structural design condition

Trradiation tube]

Item Design condition
Atmosphere Air
Top of core —
Humidity 100%
Height (Max.) 4.900m
Internal diameter 193mm

Atmosphere

Coolant water / Air

(K-23) Coolant water level At least 2 m above the top of
the effective core
Coolant water temperature about 45°C
Coolant water flow No
Power source In-core 48V (AC50Hz / DC)
Ex-core 220V (AC50Hz / DC)

Table 2 Requirements and those countermeasures

Ttem Requirement Countermeasure
(DConsistency of the axial center (DPosition coordination by a spacer
position of Si ingot with different
height
Holder of Si @No e.lcctumulation of coolapt water @Set up of holes for coolant water
ingot or air into the holder during and.a.lr on the bottom of the holder
loading or unloading of Si ingot
(@Avoidance of activation of impurity | ®@Use of materials made of high
by thermal neutron as much as purity aluminum
possible
(DRemote control during reactor (DControl by the control panel or the
operation remote control panel
@Detection of rotating speed of the (@Installation of revolution indicator
Rotating ingot
motor (@Fixing of the motor itself against (@Fixing of the motor by two guide
rotating pipes
@®Moisture prevention of the motor @Air sealing against dew
condensation
(DRemote control during reactor (DControl by the control panel or the
operation remote control panel
@Detection of axial location of the (@Installation of encoder and
Up-and-down ingot indication of position in the control
panel
motor

(®Safety stopping of the motor at the
upper and lower limit position
@®Moisture prevention of the motor

(@Automatic stopping by limit switch

@Air sealing against dew
condensation
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Table 3 Table of structural drawing number

No. Name Material N | No. Name Material | N
1 | Base SUS304 1 | 41 | Stepping motor unit 1
2 | Flange for up-and-down 1 | SUS304 1 | 42 | Striker SUS304 1
3 | Flange for up-and-down 2 | SUS304 1 | 43 | Striker holder SUS304 1
4 | Connecting shaft SUS304 1 | 44 | Upper LS’s bracket SUS304 1
5 | Set collar A SUS304 1 | 45 | Limit switches A 2
6 | Guide shaft SUS304 2 | 46 | Spring SUS304 1
7 | Aluminum chain A5052 1 | 47 | Missing number
8 | Drum bracket SUS304 1 | 48 | Missing number
9 | Flange SUS304 1 | 49 | Drum flange B SUS304 1
10 | Brushless DC motor unit 1 | 50 | Washer C SUS304 1
11 | Upright A SUS304 3 | 51 | Guide pipe SUS304 1
12 | Mechanical joining device | SUS/Bronze [ 1 | 52 | Nut SUS 2
13 | Needle roller bearings SUJ2 1 | 53 | Striker for Rotation motor SUS304 1
14 | Eyebolt A SUS304 1 | 54 | Hexagon socket head screw | SUS/Brass | 1
15 | Drum shaft SUS304 1 | 55 | Cover A SUS304 1
16 | Set collar B SUS304 2 | 56 | Gasket A Rubber 1
17 | Bearing set SUS 1 | 57 | Flame-retarded grommet 3
18 | Bevel gear A S45C 1 | 58 | Upright B SUS304 4
19 | Bevel gear B S45C 1| 59 | Cover B1 SUS304 1

20 | Missing number 60 | Cover B2 SUS304 1
21 | Drum A SUS304 1 | 61 | Gasket B Rubber 1
22 | Drum B SUS304 1 | 62 | Set collar D SUS304 2
23 | Drum flange A SUS304 2 | 63 | Hexagon coupling bolt SUS 2
24 | Spur gears A S45C 1 | 64 | Lower LS Bracket SUS304 2
25 | Spur gears B S45C 1]65|LSB

g6 | DracketforUpanddown | giyga04 | 1 | 66 | Rotation LS's bracket SUS304 | 1
27 | Bearing holder SUS304 1|67 |LSC 1
28 | Bearing SUJ2 2 | 68 | Collar SUS304 2
29 | Set collar C SUS304 1 | 69 | Hexagon coupling bolt SUS 2
30 | Hexagon socket head screw | SUS/Brass | 2 | 70 | Leg SUS304 2
31 | Key SUS316 1 | 71 | Eyebolt SUS304 4
32 | Washer A SUS304 1 | 72 | Extension Screw SUS304 4
33 | Holder of Si ingot Al070 1 | 73 | Hexagon coupling bolt SUS 1
34 | Al ingot =278 Al070 1 | 74 | Spacer strip Al050 1
35 | Al ingot =202 AlO70 1 | 75 | Encoder 1
36 | Key B SUS304 1

37 | Key C SUS304 1

38 | Key D SUS304 1

39 | Wire SUS304 1

40 | Washer B SUS304 1

,12,
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Table 4 Inspection result of Si rotating device

Inspection item Test object Inspection result Remark
. Rotating device™ Pass
Visual
inspection Control panel Pass
Remote control panel Pass
Rotating device Pass Measuring equipment :
Slide calipas
Dimensional | Control panel Pass Measuring equipment :
inspection Tape measure
Remote control panel Pass Measuring equipment :
Tape measure
Number Rotating device Pass Check W%th eyes
inspection Control panel Pass Check W%th eyes
Remote control panel Pass Check with eyes
Material Holder of Siingot Pass Review of mill sheet
inspection Spacer strip Pass Review of mill sheet

*Rotating device : Holder of Si ingot, rotating motor and up-and-down motor.

Table 5 Item of performance verification test(1/4)

Inspection item Inspection method Criterion
POWER Lamp | Connect the control panel to a power | The POWER Lamp
source and turn on the switch. turns on.
PANEL-REMO | Set the "PANEL-REMOTE Operate each switch in
TE SELECTION SW" as PANEL, and the remote control
SELECTION operate each switch in the remote panel, and not work.
SW control panel.
Set the "PANEL-REMOTE Operate each switch in
SELECTION SW" as PANEL, and the control panel, and it
operate each switch in the control does not work.
panel.
OPERATION Set the "PANEL-REMOTE The lamp of
| SW SELECTION SW" as PANEL, and “OPERATION SW”
& push “OPERATION SW” in the flashes 5 times, and
8 control panel. turns on.
E Push “OPERATION SW” again. The lamp of
‘é “OPERATION SW” is
&) remained on.
Set the "PANEL-REMOTE The lamp of
SELECTION SW" as REMORT, “OPERATION SW”
turns off.
WINCH UP SW | Set the "PANEL-REMOTE The winch rises.
SELECTION SW" as PANEL, and —
push “OPERATION SW” in the The lamp of "WINCH
control panel, and push “WINCH UP UP SW ﬂashes when
SW”. winch is rising.
Push “WINCH UP SW” again when The winch stop.
winch is rising.
The lamp of “WINCH
UP SW” is turned off.

,13,
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Table 5 Item of performance verification test(2/4)

Inspection item

Inspection method

Criterion

the remote control panel again.

WINCH Set the "PANEL-REMOTE The winch goes down.
DOWN SW SELECTION SW" as PANEL, -
and push “OPERATION SW” in | Lne lamp of “"WINCH DOWN
the control panel, and push SW flashes when winch is
“WINCH DOWN SW”. going down.
Push “WINCH DOWN SW” The winch stops.
again when winch is going
down. The lamp of “WINCH DOWN
SW” is turned off.
ROTATOIN Set the "PANEL-REMOTE The holder of Si ingot rotates
ON SW SELECTION SW" as PANEL, —
and push “OPERATION SW” in | Lhe lamp of "TROTATION ON
the control panel, and push SW” turns on.
“ROTATION ON SW”.
ROTATOIN Set the "PANEL-REMOTE Rotation of the holder of Si
= OFF SW SELECTION SW" as PANEL, ingot is stopped.
g and push “OPERATION SW” in | The lamp of “ROTATION ON
A the control panel, and push SW” is turned off.
g “ROTATION OFF SW” when
g the holder of Si ingot is rotating.
© | SCAN-INDEX | Set the "PANEL-REMOTE The winch rises and goes down
SELECTION SELECTION SW" as PANEL, by operation.
SW and push “OPERATION SW” in | The lamp of “WINCH UP SW”
the control panel, and set the or “WINCH DOWN SW” flashes
"SCAN-INDEX SELECTION when winch is working.
SW" as SCAN. Push the The lamp of “OPERATION SW”
“WINCH UP SW” or “WINCH turns on.
DOWN SW”.
Set the "PANEL-REMOTE The winch rises and goes down
SELECTION SW" as PANEL, the level that was set.
and push “OPERATION SW” in | The lamp of “WINCH UP SW”
the control panel, and set the or “WINCH DOWN SW” flashes
"SCAN-INDEX SELECTION when winch is working.
SW" as INDEX. Push the The lamp of “OPERATION SW”
“WINCH UP SW” or “WINCH turns on.
DOWN SW”.
POWER Lamp | Connect the control panel to the | The POWER LAMP of remote
remote control panel by a cable. | control panel is turned on.
Connect the control panel to a
E) power source and turn on the
4 switch.
< | OPERATION Set the "PANEL-REMOTE The lamp of “OPERATION SW”
*;5' SW SELECTION SW" as REMOTE, | flashes 5 times, and turns on.
8 and push “OPERATION SW” in
% the remote control panel, and
£ push “WINCH DOWN SW”.
~ Push the “OPERATION SW”in | The lamp of “OPERATION SW”

1s remained on.

Set the "PANEL-REMOTE
SELECTION SW" as PANEL.

The lamp of “OPERATION SW”
1s turned off.
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Table 5 Item of performance verification test(3/4)

Inspection item

Inspection method

Criterion

WINCH UP
SW

Set the "PANEL-REMOTE
SELECTION SW" as REMOTE,
and push “OPERATION SW” in

the remote control panel, and
push “WINCH UP SW”.

The winch rises.

The lamp of “WINCH UP SW”
flashes when winch is rising.

Push “WINCH UP SW” again
when winch is rising.

The winch stops.

The lamp of “WINCH UP SW”
is turned off.

WINCH
DOWN SW

Set the "PANEL-REMOTE
SELECTION SW" as REMOTE,
and push “OPERATION SW” in

the remote control panel, and
push “WINCH DOWN SW”.

The winch goes down.

The lamp of “WINCH DOWN
SW” flashes when winch is going
down.

Push “WINCH DOWN SW” again
when winch is going down.

The winch stops.

The lamp of “WINCH DOWN
SW” is turned off.

Remote control panel

ROTATOIN
ON SW

Set the "PANEL-REMOTE
SELECTION SW" as REMOTE,
and push “OPERATION SW” in

the remote control panel, and
push “ROTATION ON SW”.

The holder of Si ingot rotates

The lamp of “ROTATION ON
SW” is turned on.

ROTATOIN
OFF SW

Set the "PANEL-REMOTE
SELECTION SW" as REMOTE,
and push “OPERATION SW” in
the remote control panel, and
push “ROTATION OFF SW” when
the holder of Si ingot is rotating.

Rotation of the holder of Si
ingot 1s stopped.

The lamp of “ROTATION ON
SW” is turned off.

The test of
lifting and
lowering

Operate the control panel to winch
up and down on the holder of Si
ingot.

(DThe holder of Si ingot easily
rise and goes down

@Present position is indicated
by indicator.

@The speed of winch up and
down is 1£10% m/min.

Rotation test

Operate the control panel to rotate
the holder of Si ingot.

(DThe holder of Si ingot rotates
easily.

@Rotating speed of the holder
of Siingot is 2+10%rpm.

Confirmation
of the upper
limit

The operation confirmation

Operate the control panel to winch
up to the upper limit switch.

(DThe winch stops at the upper
limit.

@The lamp of “WINCH UP SW”

changes from flashing to
lighting.

@The lamp of “UPPER LIMIT”
turns on.
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Table 5 Item of performance verification test(4/4)

Inspection item

Inspection method

Criterion

The operation confirmation

Confirmation of
the lower limit

Operate the control panel to winch
down to the lower limit switch.

(DThe winch stops at the
lower limit.

@The lamp of “WINCH

DOWN SW” changes
from flashing to
lighting.

@The lamp of “LOWER
LIMIT” turns on.

Confirmation of
the operation
by the switch of
the “WINCH
POSITION”.

Set the "PANEL-REMOTE
SELECTION SW" as PANEL, and
push “OPERATION SW” in the
control panel, and set the
"SCAN-INDEX SELECTION SW"
as INDEX.

D Type in the height from lower
limit switch on “WINCH
POSITION”, and push “WINCH UP
SW” or “WINCH DOWN SW”,

The winch stops by the
typed height.

@ Type in the height from lower
limit switch which is exceeded value

for the wupper limit, and push
“WINCH UP SW”

The winch stops at the
upper limit.

@ Set the "PANEL-REMOTE
SELECTION SW" as REMOTE, and
push “OPERATION SW” in the
remote control panel, and set the
"SCAN-INDEX SELECTION SW"
as INDEX. Push “WINCH UP SW”
or “WINCH DOWN SW” on the

remote control panel.

The holder of Si ingot
rises and goes down
irrespective of the typed
height into “WINCH
POSITION”.

Confirmation of
the underwater
operation.

Put the Al ingot in the holder of Si
ingot, and put it in the water tank.
Set the "PANEL-REMOTE
SELECTION SW" as PANEL, and
push “OPERATION SW” in the
control panel, and push “ROTATION
ON SW”.

The holder of Si ingot
rotates easily.
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Table 6 Goods for export to INP-NNC-RK

Goods name Quantity Weight
(1) Si rotating device 1set 120kg
(2) Si ingot 2 20.1kg
(3) Al ingot 4 45kg

Table 7 The summary of Goods and Technologies subject to regulation by Foreign
Exchange and Foreign Trade Control Act .1?

Goods and Technologies

International framework

No. subject to regulation. for evidence.
Weapon Ordnance stores. WA
! (Wassenaar Arrangement)
Xiifﬁiogf:reﬁ?ss 0 Nuclear weapons-related. NSG
(Nuclear Suppliers Group)
3 | Chemical weapons-related. AG
3-2 | Biological weapons-related. | (Australia Group)
Missile-related. MTCR
4 (Missile technology
S Control Regime)
& -
§ szzgiif;‘;?:tled 5 | Advanced material. Xg\gssenaar Arrangement)
k7 6 | Material processing.
— 7 | Electronics.
8 | Computer.
9 | Communication-related.
10 | Sensor and laser.
11 | Navigation-related.
12 | Marine-related.
13 | Propulsion unit.
14 | Others.
15 | Subtleties item.
= Weapon of mass Almost all of the items except | Catch-all control of
e
‘é destruction-related foods and woods and so forth. | weapons of mass
2 destruction
= 16
jo Conventional Catch-all control of
&
S weapon-related conventional weapons
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(1) Si ingot (p151mmx*202mm) (2) Si ingot (p151mmx*278mm)

Fig. 1 Si ingot

Irradiation position Cooling position

Upper limit switch

Up-and-down motor

Rotating motor Guide shaft

Aluminum chain

Bottom limit switch

Holder of Siingot

| In thereactor vessel
(Cooling water)

Irradiation tube

K-23
g

Fig. 2 Schematic drawing of the Si rotating device
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Bottom limit switch

Fig. 4 Photograph of the rotating motor
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Fig 5. Structural drawing of the Si rotating device (1/2)
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22 a

f o A Upper limit switch

Fig. 7 Photograph of the up-and-down motor
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B - s

Fig. 10 The whole photograph of the Si rotating device
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Fig.11 Simple packing of Si rotating device

Fig.12 Crating work
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(2) Si ingot and Al ingot

Fig. 13 Photograph of the crated goods
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