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Research on the Development of Conductive Composite Yarns for Application
to Textile-based Electrodes and Smartwear Circuits

Hyelim Kiml), Soohyeon Rhol’z), and Wonyoung Jeonglyr

D Material and Component Convergence R&D Department, Korea Institute of Industrial Technology, Ansan, Korea
2)Department of Nano Science and Technology, Sungkyunkwan University, Suwon, Korea

Abstract: This study aimed to research the local production of conductive composite yarn, a source material used in tex-
tile-type electrodes and circuits. The physical properties of an internationally available conductive composite yarn were
analyzed. To manufacture the conductive composite yarn, we selected one type of conductive yarn with Ag-coated poly-
amide of 150d 1 ply, along with two types of polyethylene terephthalate (PET) with circular and triangular cross-sections,
both with 150d 1 ply. The conductive composite yarn samples were manufactured at 250, 500, 750, and 1000 turns per
meter (TPM). For both conductive composite yarn samples manufactured from two types of PET filaments, the twist con-
traction rate of the sample with a triangular cross-section was stable. Among the samples, the tensile strength of the sam-
ple manufactured at 750 TPM was the highest at approximately 4.1gf/d; the overall linear resistance was approximately
5.0 {)/cm, which is within the target range. It was confirmed that the triangular cross-section sample manufactured with
750 TPM had a similar linear resistance value to the advanced product despite the increase in the number of twists. In
future studies, we plan tomanufacture samples by varying the twist conditions to derive the optimal conductive yarn suit-
able for smartwear and smart textile manufacturing conditions.

Key words: conductive yarn (1%=A}), conductive composite yarn (=4 B34}, smartwear (2=PFE$]9]), textile based

electrode (8)2=E}Y3 A=), performance evaluation (‘3
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1e] kAl gk &7 F7Istel uiet,
7Fss ZulE tuto]ls d o Fell gk =8
ATHAhsan et al, 2022; Kim et al, 2022a).
248 7Fs3 2R tiulelx gl o F/E A3t
A2 71 71ake] AR gRE Q% A Fide] 1
=7 T} (Choi et al, 2021; Tang et al, 2021). YuHa
o2 dojyE ZntEold AMEHE HjAe] A E
= screen printing type,
embroidery type 2 knit type 5°] YW, L Fo|A] ZE-A|

.
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AR ARERE A EEe UE 7] ARE A=A A= A
z¥ A4 A= el tigk d7F es] APHL e

olel et A AZW ohjet AgHY P At
F3Z JrHKim et al, 2020; Kim et al, 2023; Lee et al.,
2023; Shuvo et al., 2022; Zhao et al., 2022).
2vE gzeil 9 2vlE O Aol Ao F/1E
of whe} AEAF ARg-o] S8l 910, lab-scaledl A= T
sl A7t AT YrkDyson et al, 2020; Hong et
al, 2021; Hou et al, 2012; Kim et al, 2022b). A=A
Zz uEAS B A ERe] BavheRY, FjRe, o
R & e sleloh} ElZ 5 AE
E ZAsH P Az
Mol 23] ®HHo| FH o
Ay gAEe] ggow s
stEl= 2A7F dthJung & Lee,
B e AEA e PSS TRA &
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\i

2l FEI ARAS 7HE ARAR] Azl ojgge] 9
4A17d o]t} (Arias-Monje et al., 2020; Lu et al.,, 2021).

E3, AR AT F9 AmARs HwA Ago] v 2EQl
g2 WAAL B HREA 94 B 2 YriE ZE
AzE Fe)7t o F-Eo)oh(“Madeira”, 2023; “Shieldex”, 2023;
“Soitex”, 2023). ol A&o] mj- B WhA oF Ao &
AA =2 =7] w2l Ashrh wEA dojid Wk o}, &
A7, A7 A7)0 AME v vhEe] $AYd wE A

% dAe) deto] 47 wASkaL, st AR ERO <l

fir
o
:

o c\’:}
e - A7t dtke ©do] AthJung & Lee, 2018;
Rho et al, 2022). °]o] 9] AAAANME BlZUZ A=
9 BA gule] g i ol A et M EFAE
EAE] I 9low, & ' ZwAd YAl vz 9
AHE s Alxs Biike] FHIZ FojQ)th (“Silver-tech”,
2023). EAF FEje] Aurle A gAER IgE Ax
A YAt wiEl) Aeke ARk H2Eldy dFond 32 A
ZAlo] e A= gfto] AR ZntEge] Az
Zo] JpAdo] B} fAIFER FH e AME gt o
B} T AFES T2 AelA] A L AZRHT glow
HulelA 2] o] Pa st A7gel).

dukzlo g YAlE 7|BHo g AFe] TS AT ek
Z)o2Ee} e SFAE dojrl A
RS AMEEte] thks FEle] T
3 olvf F3F, {4
ojuf wiEEA, RS ol 9L mZItHAhmad & Zhou,
2022; Das et al., 2008; Karaca et al., 2012; Karaca et al.,
2015). A=A B3 Ev A=Al ARE Q8] Fd A
=L R 99 T JeE R Az BT ALY
Zhzo] tigt A7t F2 35T Tk (Medvetski et al., 2021;

Table 1. Specification and sample code of used materials

Ryklin & Medvetski, 2017). AAZ AnlE ¢ojo] HAIHE=
FEE AT F de= WTAg0] S5 A EFAF Be
At HasiH, s|28 e Fge B EeAldr A3 E
o] 9=rgh AlFe] Q3R Tt ojEg Aol oo A
42 YEIME ol g MmAle] side] g AAo|tt
olo] £ AFore, P2EldY HF E 3R] AMEEE
AH AR A= B3rle] lsls flg 71287 =, & 2
H A=A 9AF 153 Do) Adolgt PET 23S st &
W A 2 AYeel e AR BFALE AlZEla BERA,
-

U, A%, 9% 54 L HAZS B

21 48 M= 77|

Table 1= & 17l ARSE AZE UeRd Zleojrh & A+
o= BAI71, A7 5 AR-o) 78 el 28] 7hsgt
ATAL AZE §5l] & 38 A=A YA} (Soitex, Korea) 15
I T FAFo] Aolg 2% 9 ZE&H YAl (Dachan
Synthetic Fiber Co. Ltd, Korea)s AM&-3lo] A} Aol u}
2 AZS Axsgen, 7117] (Twisting Machine, TY 370,
TesTex, China)s AFE-3IITH T3t A4 2 BAl8 ALAL &
o] &9 A% AFEQL Silver tech 120 (Amann & Sohne
GmbH & Co KG, Germany)2 4ol ARg-5131T}.

I

A=A
of W AEF=E YeRd Zlojtt & AFlM= PET @R
ool Zdeldt 259 Bl Akl A=A 9AE ARSSt

of T WSS THIE Ay BEAE Axsigin T

Type Sample code Specification
s " ) Conductive part Ag PA Ag coated PA, 100d
Materials for .manu acturing . C PET PET *FDY, 150d Circular cross section
conductive yarn Non-conductive part - . .
T PET PET FDY, 150d Triangular cross section
Advanced product Conductive yarn Cond.Y Ag coated PA/PET, 250d
'FDY: Fully draw yarn
Table 2. Conditions of twist factor for manufacturing samples (Pre-load: 10 cN)
Non-conductive part Conductive part Twisting Direction TPM (Turn per Meter) Sample code
250 C_PET/Ag_PA-250
500 C _PET/Ag_PA-500
C PET Ag PA S - -
- - 750 C_PET/Ag_PA-750
1,000 C PET/Ag_PA-1000
250 T PET/Ag PA-250
500 T PET/Ag PA-500
T PET Ag PA S - -
- - 750 T PET/Ag PA-750

1,000 T PET/Ag PA-1000
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AR} A YALE 71A7] Azel] FAlel
IAAFAIL, o] Wl 10N Z35-2 FAUCLE o]F Fu| Ul
off YL FAUR] S HJo R IS, HYFE 250,

500, 750 2 1,000 TPMO 2 WAF] B} AZES A%

2.3. EMEN

231 ZFHE & 2 A BN

dle] Mx AFe] YERIE Fo} AEE BRIstAl KS K
02159 T3l HeFRIEFE B89 0, 4% 3D Xeray 3
W E247] (XRM, Highresolution 3D x-ray microscope,
Xradia 510 Versa, ZEISS, USA)E &3 7% #4& A3t
Atk XRM &4 2712 x 048] QEAZZ 60kV st
Al A= 3.0 pixelZ2 X3t dHolElE Atk EgH KS
K ISO 20609 =3ted, @] Zold RS S4sk= W9l
Fg2oZ Fj9 M AF 9 FAo ARSHE vHEg 9 A
T AAR A= 48 AAEIT

e HE

m

232, WA EA

9] A AFE By SLlb!
2000, HIROX Co. Ltd, Japan)2 o]-&3lo] o] EHS
S ¥, 2D AlE B2 ARSI AEA AL 13 i A
A AolE 33 AES T FHps ARSIt

ﬁ
i
i
£
ol
o
o
=2
w
o
ofd
£
=)

233 REZEA] BA

e A7 AF 2 FAol A8 AFe] FH W T 7
Z #42 93 FE-SEM (SU8S000, Hitachi High-Technologies,
Japan)g o]-&3le] BT} a2l AR AFe] 7A¢ vA=
A A B Ay i) RES REsle] EAsigon, o )
QAte] FHLE %2000 2 x 5,000 HlE&oN 3N, TS
x 4,000 2 x 10,000 Hl-&olx S2g3l3T). ke T o]r]X]|
£ 53 A4 9 AxA Ak AxA AlFe] FZYE T
=2 =3 —a}oi 1:].

A7 E3 EAS EA37A TGA (Thermogravimetric

Analysis, A500, TA instrument, USA) % DSC (Differential

Scanning Calorimeter, Q100, TA instrument, USA)E ©]-&-3}
o] FAEAT TGAE “&=2¢llX 800°C7HA], DSCE “d-2olA]
350°C7HA] W9lelA 2833t o] W $2&%= 20°C/min
2 A& 797 slellA SA AT

I 200 wWE AEY AFES TAsA), ErE Aol
53] 243 & Equation 19 W&} 58(% contraction)S

% contraction = {(Lo—Ly) / Ly} x 100%
(Lo: Length before twisting, Lz Final length after twisting)

(Equation 1)

23.6. 1 B4 4
A Aol mE) Az B3 AE 2 GAE, sl X

A AE Be) Y 54 BAsA, WeAEAE]
Instron 3343 ZH](Universal testing machine, Instron, USA)o
yarn grip 2714-005 seriess ARESI] 7F AR EAS =F
s o] Wl ZF 27k ¥4 Agle 100 mmE 23,
A HEE 100 mm/min® 2 =T S-S A, AP
9 SERIEe Az, 53 24 T Haghs ALl

23.7. J714 B4 4

Aed B3R 718 EAS A6zt EERE (True
RMS Multi-meter 287, FLUKE, USA)S o]&3le] XA+
S48t 3 emZolo] A3e 103 SABIAL ol& ©el 4
ol A (Vem) #hO=E WHBlo] SAHN O, HaakS At
&3kt

P =
3.1.1. EHE £ 2 Mg 2A
Fig. 12 dl9] AR #AFe] Hr2 B35/ 98] XRM &
AE B8 d& omx|E

= Ebd Zloth. Fig. 12> XRM
27 95" omRoH, s o|nA|ellM E4tAt s 9

crop B OEL THHE Unk eAlel A A T

(c)

Fig. 1. XRM image of the advanced conductive composite yarn; (a) surface, (b) crop and segment and (b) cross section.
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ki3

o] Wz Tre] oA & Fig. 1(b)9} Fig. 1(c)ol 1+
ERHSATE.

olu|RJo| A Kol ) o], AwA e g FHMo
2 31590 & oJmXE Fa) PA YAl AEA BEY
AgZ7t T8E PA YA = 362 BIEAL, PET AR
48f= 2plyR FAPE Hol A= RS FRIT = AUl gt
Ag coated nylon YA} PET AL ZH2ke] WFE 4 2
7, Ag7t ZHE PA YAIE(Cond.Y_Ag PAY= 104d, PET
QAT E(Cond.Y PET)E 148dE Cond.YS HUol& oF

Hr
o

¢

Table 3. Results of TPM of advanced conductive composite yarn

232d= RIF AT

3.1.2. ALd B4

£ AFdME A 53R A 71E s e
7] 913 3] AR AFe] A A s ZEEn
2 G ZASFE 2A3R] TPMR 34190 | Table 39
I A} S JET 2D Al T2 S o83l 179
wRlE EHe A, oF 2,019 um= ERIFATHL, o] TPMS
Z % A3 F 500 TPMO] 2298 & Zo& BRI

Image

Length per turn (um) Turns per meter (TPM)

2019.7 £ 159.9 4974+37.8
Table 4. Morphology of non-conductive and conductive yarn
Sample Surface Cross section Size
Code x2,000 5,000 x4,000 %10,000 Diameter (um) Coated layer (nm)

i
Cond.Y Ag PA ' 'I .‘

17.6+£0.2 203.3+59
Ag PA llll -I 19.5+£0.5 211.3+389
Surface Cross section Size
Sample Code
x1,000 Diameter (pum)

%2,000 x5,000

Cond.Y_PET

o IIIII I .I -
o IIII“ ‘ l. I -

17.6 £ 0.6

18.6+0.3

189+0.6
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3.13. BEEX] 74
Table 4= 39 430 A1) vlAEA Dol Ay e
223 29 fe] AR Qo] ER 9 g olnjAE U
B lelet. slel A AFe] MEq % HHEy ke 9
Y wwg T 98

- ==

211.3 nm& YEPgT,

P gl WD A=A AR 9] AR AFIAM
S5 A4 At FARE AFE T 9% BReR
Aol AL ok 2um FAYLY FH A =
atol & YERA B8-S stk E3 PETS] 7
C PETE 3l9] A% AlE9] PETS FU3 AP 7;
SRISIHIAL, T PET YA FHO| A2 ©As
AFAT). S, Tl AL g9 Azl A
fAleE Ag BRI YAte] ©E FAge
BY7, Unkag, B, 29, g, Ui, EHEA
tekst B4 #Eo] 9ltkAhmad & Zhou, 2022; Das et
al,, 2008; Karaca et al., 2012; Karaca et al, 2015). 9& &
W3} Azh b A4S 7R AR 989 e Blast
A AN E 4zt @S K= AR AR JEAE
A8 o ZH7ke] 3 4wt g2r] wiie] 9% wHE 3
e F A 9ol Bol el ¢3RS BAsiith(Tao
et al, 2018). WA, QALe] T &odo] A uj¥o) sz} &
A7d d= AR FRIFH, o= FA TAHA T FF 4
Aol wl 71AA B4 Bl 9FE E Aew Helth

>~
Rl

d
Joory e

B

T lo n
i o~ >{\l
ox T

ol

3.14. 95 54 4

Fig. 2 9 Table 5& 39 47 AF 9 £ A7 A=
Prte]l E7 549l TGA 9 DSC 435 ekl 2o}
TGA 74 43}, Cond.Y9| 17} Eel 2=+ oF 421°C

100
80
9 \ 1
= 60 \
<
S |
% 40 Cond.Y_Ag_PA
——— Ag_PA
[—— Cond.Y_PET
20p——— CPET N ——So4o—~——
| ———— T_PET = N ==
obo vt o 0 ) )

100 200 300 400 500 600 700 800

Temperature (°C)

(a)

Table 5. Thermal property of advanced conductive composite yarn and
used yarn

TGA DSC
Sample 1 )
code decomposition ;{(;:gi(éue Oat T, (C) T (O
temp. (°C) o) 8

Cond.Y 420.82 10.53 62.53 257.70
Cond.Y_Ag PA 421.60 24.06 63.44 25582
Ag PA 436.83 19.93 62.31 222.98
Cond.Y PET 427.22 14.86 - 260.94
C PET 440.79 13.60 - 257.81
T PET 43891 10.38 - 255.82

2 YEREO ™, CondY F M= YAtgtESL AxtE <
3 Ag" AxA YrAAg PAYE BF <F 430°C F2llA Y
ElSiT) o]5 Urke PA YAl & FElo] ® Aoz Uuty
9l PA YAl Ba] €& W9E BIE 420~520°C HY )

o &3l 2L golslgith(Pannase et al, 2020). Cond.Y PET
£ 23 3 9 PET 94K A4S, 13k £3 2= o
430~440°C F-2ZoA H 37} YEPES ER1IgTh(He et al,
2022; Kiigiik & Ovegoglu, 2018).

T3, DSC AFX = Al 7] AE 2% dubEgl PATH
7HE T T, M9 Wil oF 62°C 2 220~260°C F-2ollA
UehgS 818 thBraun & Levin., 1987; Hu & Yang,
2010). PET YA} 359 Aoz <F 260°C F2A T, I
35 JepdS RIS wehr, B A7 AMSE FAks

shel A7 AF FAR 9 542 KIS ARSI,

3.1.5. 7 B4 4
pZs

Fig. 3& al¢] Az AlF 3 &dd

A

e
e
>
©
¥
2]

k

g EOr, Fig 4t el 2710, 1
@ A=E Yepdth Figo 39 veRd A3 o), CondY_
Ag PAS] Q1% 7%5E Avum, 2700 WA e gg @
| 62.53°C
C<I)n qdY 251.25°C' Y 257.70°C
- [~——t8s23°C
= Cond.Y_Ag_PA qzeo 98°c
© -~ 6231C -
; Ag_PA 216.56°C' 1 222.98°C
2 | condy_PET 251 %W
o 262.44°C
[ i C PET 249.11%
I - g\{zss 82°C
T_PET 250 7EY
L 257.81°C
PR U IUR IT— R——

50 100 150 200 250 300 350

Temperature (°C)

(b)

Fig. 2. (a) TGA, (b) DSC curves for advanced conductive composite yarn and used yarn.
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1.2
I Cond.Y
10F Cond.Y_Ag_PA
—— Ag_PA
———- Cond.Y_PET
———- C_PET

Tensile stress (MPa)

Tensile strain (%)

Fig. 3. S-S curve of advanced conductive composite yarn and used yarn.

ko oF 46%2] AFES Ve AL AT F Uk
Cond.Y_PETE= Z7]¢l| aFsel 43S whe &

S R AA o s skl e 3 e 9
20%4 FetElE AES HATH Cond YE SU3 A%S B
Hom ol A Al=rt W& PET YA} HA shds 9]
7] WEog SRlFET) ol AR&E Ag PA= Cond.Y_Ag PA
oF fALSE AT o Hr) 2 el AeS Bt
T3 C_PET % T PET®| 739 Cond.Y_PETl| Hla§ Z7]o|
7187178 ki =4 vE e, A oF 5%-~30%7H =
skl ofs] A=t o]F ItE RS RISl ol
Cond.Y_PET®h= “delgt A%S HS e}, C_PETS T PET

£ AR BYS T 2 gl T 9ie v g
e golaht BAT A WA Sl e WAfol
[e]

7] wjizel Qg5
(Karaca et al., 2012).

Fig. 3014 dofxl S-S TAg vigre g, Fdol] AMgH =
’d YA 2 PET 94K I E4S ERIsIOH, o= Fig.
40 VFERATE. 9EA S-S oA ERIg A3} o], AxAd 9
ALE H3) g0 AHE PET 9Ake] B Eo] =4
Uelsitt, £3] C PET ¥ T PETY Z7|€H4d80] oF 120 gff
d2 7P¢ 34 Jebdt) Tenacity?] 7% Cond.Y PET YAt
oF 6.2 gfid2 7P ZA Jea, B AFolA AMS 259

g BHE e Aoz AZkE

E

Table 6. Linear resistance of advanced conductive composite yarn and
conductive yarns

Sample code

L.inear Cond.Y
resistance
(Q/em) Data sheet Measured value

<530 4.48 +0.68

Cond.Y Ag PA Ag PA

448+£0.60 4.68+0.35

PET 9rl= z¥2F <F 3.8 gfid, 3.7 gfid2 <F 1.7 W& k&
BAth 23y AEA 94 JEE CondY Ag PARTH
Ag PAS] 73wt oF 159 =8 7S BIth AEe 73S
Cond.Y AZ2 A=A YA Cond.Y Ag PA®} 2 CondY
PET 9Ake] AX7E oF 20%% A Uepgou, £ o]
AHEE A=A AR PET AL 23] Hak= oF 10%2
Ab o] NS 7S BERIEI e ool Bl Al

=
Al 20 SAR] FEFE E AR dFET

3.1.6. 1714 B4 £4

Table 62 319 A AFH T AFe] A=A A 2
el ARE HEA A 329 WA &
A A e S4g A4S R 28i2Zelt). Cond.YS] 7
-, AZA} data sheetol| A AAISE AAE-E < 530 Q/eme]Th
(“Silver-tech”, 2023). ©]Z =3t A7}, 448+0.68 YemZ
data sheet M9l o] 7S ERIglom, Axyd EXE Ee
st A=A GARE ZSAENS WE FARSE 2he 448+
0.60 Yem= UERTE gk, el AREEl Ag PAT= 4.68+
0.35 YemE 7HHoH &le] M7l AlFe] A=A YA} FARE
e e AE E1E

5
e AE8S B3I (Table 7). Table 704 vehd
7o, AAF7E Tl wE HAke] ] JEE 4 ¥
73 o|HAE Bl §te R AT F it

AZ-E(twist contraction) ALY 23] Ae] Zol7} Fo=
T Fo=, gol F4E BNl ASE AR g7l &

140 7
-

120 | R 6
< 100 |- 5 5F
2 )
5 80 24t
123 o=
2 60} e 3k
=] (=]

S 4w} eol
=

20 | 1+

0

N

N oh _oh. oel ot
0o pof h%g‘:\dx P EL P
co™

O)“d -
Sample Code

(a)

0
N <
oy po PPpg POy P8 ¢ PE ¢ 9F
&

Sample Code

) (c)

3
T
H

N
o
T

Elongation (%)
s 8
1 Ll

=)
T

o

X
oo pof

N oh
P‘gyd < /p€‘ C,Pg( < /p€(
o o

Sample Code

Fig. 4. Tensile property of advanced conductive composite yarn and used yarn in this study; (a) Modulus (b) Tensile strength (c) Elongation at break.
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Table 7. Digital image and twist contraction of samples with various TPM

Item

Sample code

C_PET/Ag_PA-250

C_PET/Ag_PA-500

C_PET/Ag_PA-750 C_PET/Ag_PA-1000

Image

Twist Contraction (%) 2.7+0.7 46+1.1 6.5+0.2 102+1.2
| Sample code
tem
T PET/Ag_PA-250 T PET/Ag_PA-500 T PET/Ag_PA-750 T PET/Ag_PA-1000
Image

Twist Contraction (%) 23402 40+02 6.0+0.6 9.9+0.2
A& olvlgiti(Jeon & Lee, 2002). Table 72} 7ro] 2114 12 —— Conay

= 5 5 [ ——— C_PET/Ag_PA-250
2 AFE&S E4S A3, C PET/Ag PA E3ANE 250 F - GEEhaase
TPMOIA 1000 TPMOE Z7}3to] wel AZeS 27+ % T SLEmhabaton
0.7%, 4.6+ 1.1%, 6.5+02% 2 102+ 12%=Z Z715loH, g 22T Tretimepatao

_ ——— T_PET/Ag_PA-1000

T PET/Ag PA HEZE9] AFE2 23 + 02%, 4.0 + 0.2%, 3
6.0£0.6% 2 9.9+ 02%% 713+ gHelslith. 2 £2| PET =
AL B BQlG7t Skl weh A580] Skt B,

T PET/Ag PAZ $A}E A1Z59°] C PET/Ag PAZ FHAFE Al
ZHT A5go| Phske AS B ol ¥ T4 Al
¥ dHS 7K C PETAPF YA 89 o]y wie

HH S HH-S 7R

T_PETe]l H]3] wiitgh EHS 73 Q7] wiioll A2 A%

& F JE FY90] B2 T PET/F 4588 2ol 932 &
Aoz FlHtt (Toydemjr & Bayramol, 2021). WEkA,

322. 9% B4
Fig. 5& a9 A7 AE 2 oA A3 7o wel A
zH AZ9 S-S FAS Yeler, Fig. 6= 7449 27¢

Tensile strain (%)

Fig. 5. S-S curve of samples with various TPM.

A8

3, AT o

HEARIRE Ueplith, 271 els uw
&|5™, Cond.Ye] C PET/Ag PA @ T PET/Ag PA HZ 1.
z27] BAgo] =4 et ole A Fig 39 94K S-S
A%S AHEHE, Cond.Y PET/} C PET ¥ T PETHT} 71
717} A JEhon ojo] JEgS vk AoF Hlth

=
AN=s

K}

100 10
C_PET
!T_PET
80 Cond.Y s
z =
£ :
5 5
8 z
5 1 C 44
3 g
(=] @
= [
20 2
0- 0-
Cond.Y 250 500 750 1000 Cond.Y 250

Turn per Meter (TPM)
(a)

500

Turn per Meter (TPM)
()]

< B8l AT A BeAte] 271eAEo] okl A2 4
AR BA 8 A5 5o TN AR o) JjHoE f
o] shislo] 34 F Aol RauE v B Beld Pt
C_PET 100 C_PET
!T__PET . !LPET
Cond.Y § 80 Cond.Y
x
3
o 60
®
c
S 404
®
2
o 204
w
0
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