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Material Strength and Allowable stress

Material Steel Aluminum Stainless
SS400 AC4AC—-T5 SUS304
] Tensile(ou) N/mm2 (=MPa) 400 137 520
Material | vield (oy) N/mm2 205 108 205
strength F -1 F-1= oy 205 108 205
F-2 F-2=0.7"cu 280 96 364
F Smaller value 2056 108 2056
Allowable stress{(MPa)

Material Tension ft=Fi1.5 137 72 137
Allowable Shearing fs=Fi{(1.54 3) 79 42 79
Stress Bending fb=FM.3 158 83 158
Hertz stress fp=Fi1.1 186 98 186
with: Bolt{Tension) ft=Fi2 103 54 103
:;i;‘::ual Bolt(Shear) | fs=Fi(154 3) 79 42 79
factors Bolt{Hertz) fp=1.25F 256 135 256
Roller fp=1.9F 390 205 390
Welding{PT) fs=Fi{1.54 3) 79 42 79
Welding{No PT) |fs=0.45F/(1.54 3)| 36 19 36

237@Bend

Earthquake (Above)x1.5 (=158x1.5)

H. Yamaoka, “Magnet seismic analysis”, 10 July, 2007, KEK



We started to look for local regulations for cables, pressurized systems, fire
protections, etc, by consulting a design company. There seems to be no
specific regulations for the deep underground usages. However, you have to
follow regular laws such as Electrical Appliance and Material Safety Law, Fire
Service Act, High pressure gas safety law, Act on Prevention of Radiation
Damage by Radioisotope, Building Standards Law and corresponding rules at
KEK as well. The company will collect useful informations with resect to these
laws.

For an example, the ECO cables have recently been required to be used for
safety, and any flammable material must be avoided as much as possible.

T. Tauchi, 21 April 2017

The underground laboratory will be subject to the Building Standards Law and will be
subject to the Fire Service Act ( M. Miyahara)

5 MPa of compressed air for the air pads during the push-pull operation

Is the ILD (SiD) within the scope of technical standards of electrical equipment by
Electricity Business Law ? under survey by a consulting company



Regarding regulations concerning electrical equipment ;

Electricity Business Law shall be applied, where

The detector ( ILD ) is categorized in the demand facilities

For the demand facilities, it is not necessary to submit a
notification to the Supervisory Department, but it is necessary
to satisfy the technical standards of electrical equipment as

voluntary safety.



Electricity Business Law

Definition of Electric Facilities

The definition of electric facilities is prescribed in Article 2, paragraph 14 of the Electricity Business
Law, and those to be applied to the Electricity Business Law are described as;

- The power generation, substation, electricity supply or distribution and machines,
instruments, dams, waterways, reservoirs, lines or others for use of electricity.

However, among those installed in ships, vehicles, aircraft, etc., each is independent and many
of them are not electrically connected and are regulated by other laws, so they are excluded
from the Electricity Business Law

Types of Electric Facilities

The types of electric facilities are stipulated in Article 38, paragraphs 1, 3, and 4 of the Electricity
Business Law.
1. Electric facilities for general use: General households (including small output power generation
facilities)
2. Electric facilities for business: other than the above ones for general use
2-1. Business Electric Facilities: e.g. Tokyo Electric Power Company Co., Ltd.
2-2. Private Electric Facilities: e.g. Electric facility (such as demand facility) of a business
establishment etc. receiving electricity at a voltage higher than the high voltage from an electric
utility like a factory or a building

note : KEK is a private electric facility, and ILC is also.



Classification of the electric facilities at ILC
-

154kV electric line from the electric company 154kV substation of power receiving '
equipment is the private electric facility

>

154/66kV substation ILC electric faC“Ity /,’4

demand facility
(general electric facility)

In case of off-site 66kV lines, the
private electric facility includes up to
the 66kV power receiving equipments

66/6 9|<v 66/6 9kV 66/6.9kV 66/6.9kV
2R substation
Demand Facility DC 100kV ILD
EERHIE SR

on-site electric facilities/equipments
for use of electricity including
experimental detectors etc.

@ It is necessary to satisfy the technical standards of electrical equipment
as voluntary safety
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from the KEK Electrical Safety Instructions

Electricity Business Law

1. & &

BERTHEMOEE  Definition of Electric Facilities

LIRS 2 48 | AT TR OERDHIE S N Th ) . SISO+ %0 2 WA T
WOHPHIED LN TV 5,
HES L FREIELROMEHO/2OIZ53E T . &5
BRI E DM TAEW Z ) 6

TLER PR

CSEH. A, LAV NI/ N /N

HL, 209 HAMA, B, MEHEEICREBESNTVWDLHDIZOWTE, ZRENDHL L TWT,
EEANHE SN TORWLDONE L, FMOBEHI L - TREZ 2T 5720, BREREEE,S
B E TV A,

BRIMEM0EE  Types of Electric Facilities
RIS 3 844 1 H, 31, FATICEA LI OREABIE SN TS,
1. MBI - —FRES UNMTISEERE &)
0. SERES TR - —RES T U OB T
0 - 1. BRI 5 ERIMEY - RETE () 45
0- 2. AFMER T BRFEOMIMT 2 ER TR O — I ER T DS OB T
ABEE X AR ER LS4 0

Regulation of private electric facilities
ERFHELE 4 25, B 3TARMAEL LM OBHRIEIBIE STV 5,
(PREeHIAL)
B4 25% FHEMELQTMEWERET 2L, FEHEQT/EOTH, MHFROERICH T 2 ke
PR 2 720, FEEEEE R TEDDL L IAIZLY . REL—RIHERT 2 2 L DU B H3¥E
B TR O S L AR EHIEZ D, MEGHEMRIC B 5 FEME QT O O BdGH
(N 53777 INEAM DR DR E G A
2 HEHERITIEWERET 5L, REBAELET L2 S1d, 342 OB L HE A fE%
FESEREL IR 72 T U372 B 720
3 W%
4 FENEX TN HET 52 FE N TONEEZ L, RERELF5 2T UI% 540,
435 FEMAEIT/IEERET 583, FEREATIEWOTH, MFROERICHET 2%
EBASE L0, RIFEEES TEDDL L IAIZEY, FEHETERIRORMS 22 T
D) B b, FEFME ZEE L 2T IUL % 5%\,
2, 3, 4, 5W

2. WExiaxhin D L4, i+ O8N

technical standards of electrical equipment
FEEDEAA

I BKLEWSFZOEMICEAT 2 L D ICRE, &5 ik, 2B ik BIRUBRIRT S
—EOBEE VI,
M BRIEMOREZEROL WL ICRH, SRR CRBAE L. £ 0RO KEZ 1]+
Tk,
EH BRERBOARDEHIEPER L L,
BRRXBIEOEAREIE
(1) mEomy 1ypes of Voltages
B it (Do) 2 (AC)
Low HV ® | 750VBLT 600V LI F
High HV | & & | 750Vi@i&7,000VELT | 600V i#i@ 7,000V AT .
. = N : Special HV for
Special HV | #3&EE | 7,000V it 7,000V 58

TPC 100KV cables

(2) ERERAIN
- B RERAAA. BREI100V XZ200VOWT e DAERTE 5,
- B =K ” « BIEI00V R U200V % FEICFEATE 5,
- =M= ” . EERAH. FiEERRHE
BE200V, 400V, 6,600V, 66,000V DOVTNPDHERTE S,

B ER
—RAl =]
(BERTR)
(E) %
e,%?ov} E 105V
(GEBAITR)
~— pT A
B
BE=ZEX
e W=

E———*—— (REMER)
108V Rt
1 T (RIS

wf\/ 210V

) (BERTH)
En- fEH5
ZH=BR
e =R
T = . i
s600v 5690V 210V p10v
| estov alov |
IR

Es




technical standards of electrical equipment
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technical standards

of electrical equipment
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from T.Tsukamoto, J-Parc experiments

Cables for the detectors
use the ECO cables ( EM - OO-++)

Reference : http://www.tominagadk.co.jp/eng/ecocable.html
In contrast to conventional PVC cables, eco-cables use polyethylene resins. For this reason, they do not
contain halogen elements such as chlorine or heavy metals like lead, and they are easy to recycle, earning
them attention as environmentally-friendly products.

Eco-cables were standardized in 1998 by The Japanese Electric Wire & Cable Maker's Association upon
request by the Ministry of Land, Infrastructure, Transport and Tourism. Standards have been established
for eco-cables used in low voltage power, control, security alarm and communication applications. With
the assumption that they are equal or superior to conventional PVC electric wires/cables in their general
performance, they have been standardized under the following four conditions.

(1) The product does not use PVC or contain halogens or lead, and it does not release hazardous
substances such as dioxins upon disposal by combustion or landfill

(2) The product meets the criteria for flame resistance (JISC3005 Inclined flame test) prescribed by the
Electrical Appliance and Material Control Act

(3) The product is easy to recycle

(4) The product uses a unifying name/symbol

Gas operation for chambers
use the Oxygen concentration meter and the alarm device

Helium operation for the solenoid and the QDO magnets
use the Oxygen failure warning monitor



Cables : Harmful halogen gas and dioxin are not generated at the time of
combustion, and generation of smoke is also less
- It does not contain heavy metals such as lead

Minimum sizes (cross sections) of cables Flame retardance
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from the KEK Electrical Safety Instructions
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Standards of wires and cables
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from the KEK Safety Guide Book

Japanese Industrial Standards (JIS)

Electrical Appliances and Safety
(Specific electric appliances)
Use those with the marks of PSE

Electrical Appliances and Safety
(Other than Specific electric appliances)

Building Standards Law
(Voluntary assessment committee)

Fire Service Act
(Registration accreditation body)



from the KEK Safety Guide Book
HIGH-PRESSURE GAS

@ Highly compressed gas above 1 MPa and liquefied gas above 0.2 Mpa are regulated
by the law of high-pressure gas safety.

ELECTRICITY

€ Work on live wires is strictly forbidden, when you check and/or improve electrical
facilities.

CRANE AND MOVERS FOR HEAVY LOADS

@ For the operation of a crane or a mover for heavy load, such as a forklift, a car
equipped crane, electric car and a mover dedicated specially, a license or a
qualification, which is corresponding each facility, is required in advance.

HEIGHT WORKING
€ Working at the place higher than 2 m is defined as a height working.
€ A height working requires footholds and fences in order to prevent falling down.

OXYGEN SHORTAGE

€ The caution for oxygen shortage is required in a tank, a tunnel, a pit or an
underground drain.

€ Ventilation is required in the place where a large amount of gases are discharged

€ The oxygen density of 18% should be kept at least in the air, because the air of less
than 16% is dangerous.



HIGH-PRESSURE GAS SAFETY ACT

High pressure gas is widely used in industrial activities, and when handling it wrongly, not only
business establishments, but also there is a fear that it will cause a lot of damage to the surrounding
area. Therefore, the High Pressure Gas Safety Act is enacted with the aim of securing public safety
to prevent disasters caused by the accidents.

To achieve the objective,

@ To regulate permission and inspection etc. by administrators for people handling high pressure gas
@ We are promoting activities related to voluntary security by private enterprises and the High
Pressure Gas Safety Institute.

Regarding regulation, production, storage, sale, transportation, importation, consumption, disposal of
high pressure gas and it covers the manufacture and handling of containers in general.

Regulation contents are:
(D Compliance with standards for facilities and equipment
@ The placement of qualified persons is the main focus

Regarding the promotion of security activities, business operators will implement them based on their
own judgment and decision,

The activity content is
@ Security education

@ Security inspection
@ Maintenance of regulations concerning the security system of business operators is the main focus.



from the KEK Safety Guide Book
WELDING

€ The license or the qualification is necessary for the welding operation.

LASER

€ Because laser beam has a very high-density energy, therefore even scattered light
also causes losing sight, the burn or a fire as well as direct laser light.

& The use of class 3R(3A) laser is required to submit “Laser use report”.

@ The use of class 3B and class 4 lasers are required to submit “Laser use report” and
“Attached material” in advance, and then safety review should be accepted

before the execution of the laser operation.

€ Precaution signs should be displayed at the laser working area.

@ Intercepting tools are prepared so that the laser should not leak outside.

@ |t is necessary to ware the defense tool such as the protection glasses.



Laser classification IEC60825-1 EN-60825-1 JIS C6802-1:2005

O Laser light has high convergence, and direct light, as well as reflected light, may cause troubles,
so it is necessary to pay sufficient attention when using the laser.

O As an indication of the degree of risk, classified according to JIS standard as follows, classes are
displayed in laser products.

Risk Class Outline of claasification Estimated output (note)
Low ] Essentially safe. Safety with both naked eye for a long time and 0.39 mW or less in
focused observation with optical instruments. Low power beam continuous transmission

The naked eye observation is safe. Focussing observation using
1M optical equipment is dangerous. Large power, large aperture, parallel
light or spreading light
Visible light laser (wavelength 400 to 700 nm) that is safe by blinking 1 mW or less in
and evasive behavior continuous transmission

0.39 mMW or less in
continuous transmission

Blinking with the naked eye, safety is kept by evasive behavior.
2M Focussing observation by optical equipment is dangerous. Large
diameter low power in the visible range, parallel light or spreading light

1 mW or less in
continuous transmission

3R Slightly dangerous (safe if you do not look directly). The risk of 5 mW or less in
accidental exposure is low. Intentional beam fixation is dangerous continuous transmission
3B Quite dangerous (Direct viewing is dangerous and reflected light is 0.5 W orless in
dangerous too) continuous transmission
. S ) There is no upper limit of
High [P Very dangerous (Direct viewing is dangerous even for diffuse 0.5 W with continuous

reflection light, exposure to skin is also dangerous) -
transmission



HV Cable and routing

Overview of an first idea of the HV-cable routing

Inside or outside of the TPC vessel

HV-Cable feed through at the Endplate

Laying inside of the wall

Connect to cathode

Gap for the HV-cable od=20mm should be provide,
the bending radius maybe an issue
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HV Cable and routing

Samples of HV-cables A Coated Stranded Copper Conductors
B Polyester Insulation
Okonite Hi-VoItage Cable: www.okonite.com C Extruded Semiconducting Layer
D Primary Insulation — Okoguard
100kV, od= 16,76mm, E Extruded Insulation Shield
F Coated Copper Braid
bending radius = 4*od > 70mm G Jacket — Okoseal

It looks fulfill the regulation of “Special HV”
, Of the Electricity Business Law in Japan

=P Electrical insulation performance ?

- test with 1.1x100kV for 10 minutes

Heinzinger HYC100 Best. N0.:00.220.853.9 www.heinzinger.com
100kV, od= 14mm, bending radius min. 280mm!
FUG C 2124. Mat.- No.: 0502032124 Cross section of the HV-cable:

255-300mm? necessary

http://www.fug-elektronik.de/webdir/PDF/e/Access data sheet.pdf

100kV, od= 11,2mm, bending radius min. 152mm
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