R KB 2 2% AT a0
WAVENE FT MR RY I S

$27[E HHFE BRASHSERS

ERL1945F 6R 8H
REBTHEIEEI AP HoE ]

OfKR AL+, A

BRI KF
5, Lx FF

HBARAE/NT—RATLX

B RiE,

WwiE BA




H X )

1. [XCHIZ

2. IRETNE

3. MEARTERAA D PAGETEET
4. HERFGR
5
6
7

EREFED
. S1&IZDOL\T
. HEE



1. [ECHIZ 3

1. BEESHICHT ISR E
BEEEICHTSEROBEEY
KRB B (2 L BRI MRS R B M (20504E52 1< 1t R 3 8 23 @A)
= BiSF, 1 R LA RAOLHIT

2. BRI T HHENERE
BHREERHLE TEE LD BRI EE
KT LTIRUME RN E
= B RARREAEOZEB~DOBRA B: S VI—V BRALES)

3. #kgd & A OD iE A N BT A T AL
OEMITE T DK FEE AR (F R 145 H A RIE) kY- - -5 K R 250°CEEF LY
O&FEE 5| Ak Mg il & EAH # D PRIFERF D 14K L8]
OBITEJISIE C2101(h'FAT-7'i%) LIRFEAIS05660(1—h0Y A—4—iK) LD IRERE LLER
= MRS R AEE RO XK T2 R

Japan AE Power Systems Corporation @ Tokyo University of Science, SUWA



@ ERERERRDLESEH

CERIBED L E S

. AIIRY) = HfiEH

- R = EX

« BR = S ERLDE

\_

~

(IR TR D PRI

» BXDEH

¢ KSDIEIE

- HRTM
- B
o PRBEE R

AOF

4



@ MERIEBEEDIRBRBE

RORERNRAES
(AT AT RUAR)

413 1 Ak
" (RTHA4) _

=
:!!::n:,ﬂl’
25
(B R EHETR) HR, &
(EABETE A Ric#)
PRIE SR 15
MHEITRILF—

($R5T, ¥Rz

D AR iL
_>

BEMNIR)LIT—
FEHEIRILE—




PR KEREDERB 6

KSRBEEE | mx | Ak | BB

ST DR H’gﬁ‘f\%"ﬁ—’é

P ——{WERTE >

Japan AE Power Systems Corporation %z@Tokyo University of Science, SUWA



@ BRHEOMBEOEARFERBRAEE 7

BRIGETE D E AR EF @D RAF AER AL

BNDE S BAXLOTLINED SlN R, BBERULE b
a—>Ah0) —A—43—i%&

KB DGIEHE KEHMEELOT LD HSIRT—Ti&

AFL—3 Ak

T—IIPALTi%&

O—>AhAY —A—4—i% {h
HRME EERIERE
(NROEHHRMYE) | MZDDIFBAREEAREL, T—ILID7A Tk

O—>h0O—Fr—4—i%k i

S BEARBRICHREINSRBET R T—IIT7AT %
JILE—D KD O—>AhAal)—A—4—i%&
PR IGE A Rl fE HREREDZ VMDA T—IIT74A47i%

yA\

a—>h0)—A—43—i%&




3.2 AT a
(BB B e 1 SR A - B AT ) "

oERE  ORBRNLEEEREENE G N
k8, 20cStYI1-Vi&, 50cStN)I1-ViR,
ERRIATIVE, FYA=IVIATIVE, KARIATIVH
Q— BB E A+ 3l

KA (R2) BM (BEF ) B RTINS
\ °

O BIEIEE TR TSI | Tk R IEME  T RIS R )
RRZEANINGTEE, & NEERE, REE - EE,
RIEEEE NRCEEEOATE




3.2 Bt a
(31K AR ) <

Table1. Thermo-physical Properties for each insulation fluid

Silicone Liquid
Term Mineral Oil (KF96) Synthetic Ester QOil
(HS Trans N) (MIDEL7131)
20cSt | 50cSt
Density [kg/m?] P 870 950 960 970
Thermal Conductivity [W/mK] | A 0.123 0.142 | 0.153 0.144
Specific Heat [J/kgK] @40C | C 1993 1633 1502 1880
Flash Point [*C] T, 145 >250 | >310 275
Polyol Ester Oil Natural Ester Oil
(Bio Trans VG32) (FR3)
970 920
0.120 0.167
1800 1884
274 300

Japan AE Power Systems Corporation §@;§ Tokyo University of Science, SUWA
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Combustion direction

<<<<<<<< | Experiment assumption l

Retention bar

10

Retention bar

-Flame height

‘<— 300 —+ 504% 200

-Measurement section
Vel -\ [/ 300 mm
Marker . .
— - Quantity of adhesion of
Bunsen burner
_ a sample
Fixing support Twilled glass tape 02 g /1 O cm

Weight: 200g

Fig1. Outline of the combustion rate measurement apparatus
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[Experimental Apparatus] ISO 1?660
Cone Calorimeter

Temperature and

o= / differential pressure
=
| Gas samples taken here |

measurements taken here
E / Exhau\st hood
f m/ \

Exhaust Cone heater
blower L
Spark igniter

Laser extinction
beam including | Sample
temperature

measurement

Load cell ~

Fig3. View of Cone calorimeter Fig4. Overview of Cone calorimeter
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IEC60695-8-3 (Draft)

Measurement items & Radiant heat fluxes

» C 6)
»
.
|
[~
i

[ Ignition performance] -+ Ignition time
4 3 ~ 50 [kW/m”] Critical radiant heat flux

[Heat buildup ] °°°°°°° - Heat release rate
2 50 [kW/m?] Total heat release
Smoke evolution |**** * Smoke production rate
3 D0 [KW/m’] Total smoke production
Iblame propagation ] -+ * Flame propagation velocity
>
Pans Measuring time
Square* * * 100mmx>100mmx15mm 1800 [sec]
Circular- * *Di1a.@110.27mmx>15mm

F|q6 Clrcular Pan
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— ISO 56600—>H01)—A—4S—ERER —

3
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N 0.35 Mineral Oil Polyol Ester Oil

N © Circular Pan O Circular Pan

= 0.30 O Square Pan @ SquarePan ... T —
o : 20¢St Silicone Liquid ‘ i d

g O Circular Pan H d

S ® SquarePan . o o
z 0.25 [ 50¢st Silicone Liquid )

o O Circular Pan O O

= | Square Pan 5 :

g 0.20 | Synthetic Ester 0il g """"
— © Circular Pan

(I B Square Pan o :

8 0.15 Natural Ester Qil 77T U """""""""
8 © Circular Pan a

B Square Pan Q @]

~ 0.10 peey g
=

% 8 H

Z 005 @@

Q o

@ :

S 0.00 '

= .

=

|

0 10 20 30 40 50 60
Radiant Heat Flux [kW/m?]

Fig7. Correlation between inverse square
root of ignition time (t. ) and radiant
heat flux to the fluids” surface.
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Fig8. Correlation between inverse square
root of ignition time (t ) and radiant heat
flux to the solids’ surfgace.
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1.12¢g Jout
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Semi-infinite solid

Cone Heater v+« (4)
q :Radiant heat flux, 7Y :Surface temperature,
l l l Tl.g:Ignition temperature, TO : Ambient temperature,
[, :Ignition time, f :Time, P :Density
g 9 ) )
Theinai{aditmn 9 C :Specific heat, A :Thermal conductivity
Surface Temperature : 7
Depth ¢

Temperature Profile

Fig9. Model of radiant heating
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y¢ Calculation Value 035

== \ineral
= 2(cSt Silicone

E'g 0.30
== 50cSt Silicone 2
= Natural Ester o2 025
Synthetic Ester 2
== Polyol Ester i 020
oil g0
&
Y¢ Experimental Value SN
Mineral Oil Natural Ester Oil S
© Circular Pan @ Circular Pan P 0.10
[0 Square Pan B Square Pan 5
20cSt Silicone Liquid Polyol Ester Oil z 0.05
© Circular Pan O Circular Pan §
B Square Pan Square Pan 5 0.00 ' : ' '
S50cSt Silicone Liquid 0 10 20 30 40 50 60
O Circular Pan ' )
B Square Pan Radiant Heat Flux [kW/m~]
Synthetic Ester Oil Fig10. Simulated correlation between inverse square
© Circular Pan root of ignition time (t.) and radiant heat flux to
W Square Pan the fluids. ’
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— IS0 5660 3—2HA—A—3—FEK — "™

—Insulation fluids —

20cSt Silicone
Liquid

Natural Ester Oil Mineral Oil Synthetic Ester Oil Polyol Ester Oil

. '-\

Fig11. The photograph after ignition and fire extinguishing
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— IS0 56603—hAl—i—5—HB —
—Solid materials —
Mold Resin Insulation Wood Gypsum Board Wood

Fig12. The photograph after ignition and fire extinguishing
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— JIS C 2101 HSRF—TFx— '¢

Polyol Synthetic Natural
Ester Oil Ester Oil Ester Oil

ZOCSF Si_licone Mineral Oil

Fig13. The photograph of glass tape after a combustion rate examination
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Radiant heat flux: SOkW/m?

1500 | 5 | | | 1500 5 3 5 3 5
| | | | | Mold Resin Insulation Wood
&' 1200 [t == 20cSt Silicone Liquid - tg 1200 - Wood Gypsum Board
\E ? - == 50cSt Silicone Liquid = | s 10 MM e 9 5 mm
= , . == Synthetic Ester Oil = 20mm = 12.5mm
=] | | | k= Natural Ester Oil ! I . L L L
% 900 | - = Polyol Ester Oil 5—»‘; 900
2 2
8 600 8 600 [
0 ) i | z | i
% (% ] ' ‘ '
T 300 T 300 N | | |
0 O S —
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Time [sec] Time [sec]
Fig14. Time histories of the heat release Fig15. Time histories of the heat release
rate of fluids. rate of solid materials.
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3.5
30 Mineral Oil
| | 20cSt Silicone Liquid
25 [t e, === 50cSt Silicone Liquid .
' . = Synthetic Ester Oil
. === Natural Ester Oil

- Polyol Ester O1l
T | (8 ———

1O [}, 4

Smoke Production Rate [m?/s]

R 7, -V I S S —

0.0

0 200 1000 1200

400

600 800
Time [sec]

Fig16. Time histories of the smoke production
rate of fluids.
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Radiant heat flux: S0kW/m?

3.5
— I _ Mold Resin  Insulation Wood
@ 30 15mm = 15mm
g . Wood Gypsum Board
o 25 [ - = 10mm = 9.5 mm
5 20mm = 12.5 mm
=
g oo
"8 1.5 [ A A B
) 1
~ ;
3 10 1" ---------------- e EE—— .......... :
= | . | | |
mE 1 1 H H
0.5
0.0 —

0 200 400 600 800 1000 1200

Time [sec]

Fig17. Time histories of the smoke production
rate of solid materials.
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JIS C 2101 ISO 5660 Comparison Proposal

Table2. Flame propagation velocity of each oil

Flame propagation velocity [mm/sec]
n=1|n=2 | n=3 | n=4 | n=5| Ave. | Std.
Mineral O1l 6.8 7.1 7.4 6.4 6.6 6.9 0.4
20c¢St Silicone O11 | 3.0 3.7 33 3.9 2.6 33 0.5
Synthetic Ester O1l | 3.4 3.3 3.6 3.1 3.3 3.3 0.2
Natural Ester O1l | 2.1 2.0 2.1 2.2 2.3 2.2 0.1
Polyol Ester O1l 3.8 4.0 43 3.7 5.1 4.2 0.6

Sample

Mineral oil > Polyol ester oil >20cSt silicone
liquid > Synthetic ester oil > Natural ester oill

Japan AE Power Systems Corporation {@Tokyo University of Science, SUWA
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direction

Synthetic ester oil

2300
C

I 2ms3
I 1725
I 1438
I 1150

86.3

575

288
0o

2300
C

2ma3
1725

1438
1150

86.3
575
288

0o

direction

Polyol ester oil

2300
‘C

2013

1725

1438
1150

86.3

5758

288

00

2300
C

2013
1725

1438

1150

86.3
575
288

0o

lﬂllluum I

2300
direction I =

S 1725
1438
I 1150
86.3

575

E 288
00

Natural ester oil

Fig20. Preheat to occur in a progress direction of a flame

Japan AE Power Systems Corporation

§@§ Tokyo University of Science, SUWA



5. BREXRLH(1/2) 23

[ 1] Hi@EM g AR D EEPR M A A RE S

Ne | REIAR FaR
O | BOAMERHE PTRER TE AT B EDOR | —EBIEISOE (a—hu)—A=F—1k) IZ LAV IS BER I FY
BERFDMEAR LB i PTE72 T E AR L RIERIC SPIEIE (Apc) I2&Y

R EREDBENFEBOKENTTRETHD, [F
W Fig. 108 )

@ | BATHISE (BFAT—71:) I X5E 5| | RAY : BITEJIISE (W'5AT-7"K) ICERT HT-7M
KRR MR IEC-TS-60076-1448 | AFHH CRE B A \HE,

) ORRBERERERR AR DI | RERER :50cSt))1-Y R LI CIER I BB AT i
= T, BitEERE OB &N R EBEEDBIRIC
BULVEBEMERY ., [RGB 23ESR]

® | BATERIISEE (WIAT—71E) LR | JISiR (0'5AT-7"%) (FN RAGIBE EE O K/ IE AT
ISO¥: (a—hm)—2—4—k) LR | BETBEMEDMIIIIAT-T7MEETL, KEBRIC
R HFEHITRBRERICBRENELPT LV —F, ISOiK
(I-vhny—3i—4—3%) (FRBENHE TR K-
r%mgb;iiﬁmﬁrﬁw;ﬂliaﬁﬁd\o [k R IEiEH
23ES M8

LLEXY, MEBMREOEMRMEMmEIZREN LGSR, [ERELNEREL TN REE
1T I | DR R GK KB ORRH LB E, HhORFEMEDOERFEHRIRET, Hh DR
ERE/NSVDREIRISOZE -0 —-34—4—iK) N BEETHAHEAFERBH K-



5. % g &i & &) (2/ 2) null.ﬂ:..n qﬁ

[2]TTEC60076-14F02Y 1515 | K aSfEi IR AR D kS5 28 4 5 |

~

Bt | #R
A& (RLMHEIEIE)
EAME | R RKRIATIV >50cSt,0r 20eSt)I-Y, ERIATN, KVF—VIZATI, >q::iﬂi
J° oJ° '
B t-MrilE  AER—N A#t (%)
REME | & :50cSt2)I=>20cStN A=K YA-DVIATN> S BRIATI>RIRIATIV>GkiH

A — NENEL-BROREMY — &L
FLEME | RIR: 50cStVYA-U>20eSt)A-> B RRIATISE YA—VIATIS>RKIRIATIV> 8k
BEE: VI1-VikIEARH () g K TV #EXVREHEREL

B0 — HREMRECT-BROEHTR ENRSE ~ {EL
K% DIAT-7" 5k : RRIATNS20cStV)I1-Vik, S RRIATV>H Y- INIATI> 8k
B | K 20cSEN) - F Y- VIAT> & BRIATN> KIRIAT N> kM

ULE&Y, @51 RERERGFEDRFEESHBERBLI-BER. BEWIZTII-VR
DX KR M (FBIEE, ) BV RERH KL=,




KRRZZMEFETEORER -

Alll'muln "llnmllm

1 Ignitability

* Flash point
* Critical radiant heat flux

2 Flame propagation
* Thermal inertia (A pc)

3 Heat release propagation

*Peak heat release rate
* Total heat release

4 Smoke evolution

* Peak smoke production rate
* Total smoke production

5 Environmental friendliness
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