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ABSTRACT

This study is to analyze the characteristics of the yellow insulation ring type of the CSST used for tubing when it is
artificially deteriorated and damaged by burning. The CSST for tubing consists of a tube, protective coating, nut, yellow
insulation ring, packing, and socket. In addition, it is thought that a yellow insulation ring and rubber packing were used
to connect the tube and socket in order to improve the airtightness and insulation performance. The result of the verification
of the data acquired from the tests in the 95% confidence interval shows that the Anderson-Darling (AD) and P value were
analyzed to be 0.945 and 0.015, respectively. This confirms that the test data of the CSST for tubing is reliable. The
analysis of the arithmetic mean of the insulation resistance of a CSST showed that the CSST damaged by burning by a
torch, and the one damaged by electrical burning, was 16.7 k() (the greatest relatively) and 208 Q0 (the lowest),
respectively, while it was 1.72 kQ) in the case of a normal product. Therefore, the analysis result of the insulation resistance
of the CSST collected from the scene of a fire can be utilized to examine the cause of damage by burning. In addition,
it was found that when the maximum current of 97 A was applied to the CSST for about 5 s using a Primary Current
Injection Test System (PCITS) the protective film and insulation ring of the CSST has no difference from that of a normal
product. However, a part of the metal tube was melted.

Keywords : Yellow insulation ring, CSST, Insulation resistance, Anderson-Darling (AD), P value, PCITS

TCorresponding Author, E-Mail: enetek@naver.com, TEL: +82-63-220-3119, FAX: +82-63-220-2056
(© 2018 Korean Institute of Fire Science & Engineering. All right reserved.



2 o) 45 -

7k AaT)E 7 Treet TS E8eke] d- A
Aol A3 AXE 7= BEES dE 71Tolth
2 FHAL G 2k Anjol] ARREH, 7k AAT|7F A

g & AA% a7] Aol Fasitt Fujoll 4] e g
= SHAIZEAE FA 93tH 7t dav]e] AR A
ol 9%t Thro FEE A 2 FE Al HaE o
ATk L, FFo) e W) Foll o Hi g9l A E <l
o g A4k e S8k Atk i)l FF3E] g
7h2s e 7t g SEEAANES 2 TFg d3HE S
2, &2 Eolg AT E A, A5k vjdg vA
&, g ZoEd wi Sol Ao, duk Asr)o)
AR EE FEZAAE S (Corrugated Stainless Steel Tubing,
CSST)= 72 AHg- gt o] 3.3 kPa ©]ato]t}®®, e o 4
d Aule] MAX|= o] = 7k AnRle] Alale Adnle] ds)
(H1b), B 74, B3}t ol Atk 2¥d] 7k T2l 9
g A= e FHlsleg ‘Q’@Q%“Oﬂ Hl&l &) =
7F Ao g avke EAo] ok E=3, A7 BAS
Aol AR ZARIA W FHE -r]d 711%5.?_] 2479
gR7} Aol A7y JA] BEE slo] dAolth
7k A ZAME AASRE AE7FE SA 2 8 Ao
ZEESHE 7t Al E Y], A4 W, S WY, &
g o] nlable 58 FEsle] B4s)of 3.

mebA 2 E=EolAE vl HE o E AMEE I §lE CSST
£ A9H o E HIAA AEHUS W] A4S ARH O
2 A AL gk =S AFS B4 g5
AF8e HAS3shaL, FF 7k Ao AR F ARl S
A% 252 Fgstaat s

01

2. HiZ CSSTe| EH

Figure 12 Wi#-& - i8] g CSSTO] 2F 2 B3-S
UEehA Zlo|t}h CSSTE oo} vl dARE A4 4
Q, Qzrldls AAT S} gk A RELS BHo}
B3yt HE, JA-AY 97, o] E Fel=Ett
FHe} o] 7t sk Fide 7dAds Y HAXE

I o,

ol
oy
038

oo

FABE] fste] FAEAG S F S
ARG F o] Age ISR, 1T, =
ojt}. CSSTO] YES} o]5-4] 5l EWlH = 5ol FH
ZH g 2Aolr. AAgo] A He Ao Bevjet
10~15 mm7} AAE Z2S ZRlsidth ddLgL UETH
ollet A2 B¢ FHI}F o|FHERE o|EHA B&
FiR= R

Table 1-& w38 A AY S CSST 5 A2 HES}
ol&4] 4&-& yehd Zeltt. 72(Copper, Cu)2t °FA(Zinc,
Zn)°] FAEoIH, F(Plumbum, Pb), 52](Stannum, Sn), Y
Z(Nickel, Ni) §°] 247 2% Zg= o) A,

>
Rad

fo rlr ot T o

Ju

=

obl'

\

Ball Valve

- Sock_ef -

Figure 1. Parts and part names of the CSST with the yellow
insulation ring for piping.

Table 1. Composition of Brass Nut and Fitting for the CSST

Classifications Cu Pb Fe Sn
Component, % 60.96 2.49 0.3535 0.311
Classifications Zn Ni Al -
Component, % 35.640 0.207 0.039 -

Table 2. Comparison of the Structure and Characteristics of the
CSST by Type

CSST
> Type A Type B Type C Type D
Classi. yp yp yp yp
Purpose Combustion | Combustion | Plumbing | Plumbing
KS D 3625 | KS D 3625
KGS AA | KGS AA
Standard KGS AA KGS AA
535 535
535 535
Base KS 125m | KS 1.25m | KGS 50 KGS 50
Length KGS 3m KGS 3m m m
How to Standard Standard Field Field
Install Length Length Processing | Processing
Tube Stainless Stainless Stainless Stainless
Material Steel Steel Steel Steel
Nut Steel +
. Brass i Brass Brass
Material Plating
foint Brass Steel + Brass Brass
Materials Plating
Clamping o o x x
Gasket o x x
Insulating
X X (o) o
Ring
Packing x x o o

Table 2= CSST9] T/YE 7& ¥ 545 Hnd 3lo]
th £5= d4r]EF B8 o= FEST CSSTY &
Aoz AA7]82] Type A2} Type B= 3 m ©|3}, &g
2] Type C} Type D= 50m 0]?3‘]-3 TAS Ao F =
H2 FHO o]FHE A2 AF HEI FEEEE o]
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Figure 3. Photo of the CSST to which a flame has been supplied
for 180 s.
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Figure 4. Temperature change of the CSST to which a flame has
been supplied for 180 s.
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Figure 5. Damage pattern of the CSST to which a flame has been
supplied for 180 s.

Table 3. Insulation Resistance of the CSST to which a Flame has
been Supplied for 180 s

Insulation Insulation
Resistance | 1o Resistance | 1
Number Number
1 20.7 16 17.9
2 17.9 17 14.1
3 19.2 18 16.9
4 17.8 19 17.1
5 16.1 20 18.0
6 16.9 21 16.1
7 13.7 22 17.9
8 15.0 23 17.9
9 13.2 24 15.0
10 13.3 25 15.0
11 17.9 26 15.9
12 17.4 27 17.9
13 17.9 28 16.9
14 16.2 29 16.9
15 16.9 30 17.8
Average 16.7
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Yellow Insulation Ring Type
95: 95% CI for Damaged
Distribution

Mean : 16.713

SD : 1.733

N: 30

AD : 0.945

P Value : 0.015
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(a) Probability plot for the 95% confidence intervals
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(b) Histogram plot for the 95% confidence intervals

Figure 6. Reliability analysis of the CSST to which a flame has
been supplied for 180 s.
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< Preparation of PCITS Experimental Devices >

v

Charge and System Stabilization of PCITS, Hitop Tester,
TOS5101, Kikusui Electronics Co.

'

Determination of Experimental Conditions, (Temperature :
20~22 °C, Humidity : 18+2%

v

Check Power Supply, Voltage, and Current to PCITS, AC
220V, 60 Hz

v

Installing CSST on PCITS, Connecting the Ball Valves
and Terminals to the Tube side

v

Current Supply to CSST, 100~300 A, 0.0~120s

v

Filming the Combustion Patterns that occur During an
Experiment, Digital Camera D90, 2009, Nikon, Japan

'

( Photography and Analysis of Patterns in CSST )

Figure 7. Flow chart of the test of supplying a high current to the
CSST using the PCITS.
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Figure 8. Process of the CSST damage by burning after applying
maximum current 95 A for 5 s using the PCITS.
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Table 4. Comparison of Insulation Resistance with Different
Causes of Degradation

. . Maximum | Minimum Average
Classification . . .
Resistance | Resistance | Resistance
Normal Product 1.73 kQ 1.71 kQ 1.72 kQ
A damage by a Gas
17.4 kQ 16.1 kQ 16.7 kQ
Torch, 180s 7 6 67
Electric Firearms,
Imax 97 A 210Q 207 Q 208 Q

(a) Surface damage (b) Decommission hut

d) Tube melting

(¢) Packing decomposition

Figure 9. The CSST damage pattern by burning after applying
maximum current 95 A for 5 s using the PCITS.
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