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Heat Generation and Breaking of Nylon Multifilaments by Drawing

Ryo Oono

Faculty of Home Economics, Kyoritsu Women’s University, Hachioji, Tokyo 193

In order to discuss the relationship between the heat generation by elongation and the breaking of
multifilaments, the heating of nylon 66 multifilaments during drawing was measured with a
thermographic apparatus. In a simple elongation, several filaments broke before allover breaking and
those filament ends were thought to cause the chain breaking of neighbor filaments by collision and
friction. The temperature of the filament ends was increased instantaneously because of contractions,
and the generated heat conducted to the neighbor filaments. The left filaments were elongated and
heated still more because of increased temperature and stress, and they broke at the peak temperature
point. The temperature of the breaking point increased 29.5 C from the room temperature and the
other points increased 12°C. In a loop elongation, the heat generation of the looped point was larger
than others and the temperature increased 6.2 C at breaking. In a knot elongation, only the knotted
point was heat generated and the temperature increased 10.5T at breaking.

Keywords: nylon + 1 O > multifilament
thermogram Z&i#i{%, breaking YJHf.

1. # &

TIRFY IRBFFTAINVAL, 74T A MIE
R ZEBTAZENHON TS, BIZAy ¥
PTICE B RBIUIBEET, BEMIZEFERL TS LD
ZzOoNTW5', @AY = vy — GFEmMHR)
BBt =V L oG B EAEERA Y52 T
T rRiRE S, BERALCNLT 2HEHTH LS.
CHDEHIIETTFORBIRILHOK, ICHEATWY
BIZbhrboY, BARRLEFNNWHICRIZTE
ZDWVTIIIBEAERAXROR T 2w, BERRE) I
L TCTELARARTH W AHEIFERETLVT &
R, (ZELTHERTA-DEL BV EOEBIC L
R oY (W

FAOLEI)T 4T AL PIMBERRHKL CHBRL R
A, YIMTERICIUMEAERTTCIEL, oS
LEELRPMICL W BATHLEREIN TR, #

(Received May 11, 1995)

2NF 715 A b, elongation {#§, heat

DEILEHRTRLELYHIKEIEETS. 22
TIITNF 71422 POERBORERRE, 2HOR
Bofi, BELSUIMIZSZ 2EBLEERETL.

2. EBRAHZE
REZBILTE®ROL AT 66 (1T 66) T,
HE1.155g/cm®, BEDOHRD - & S1LE 43%,
BREITE»SORME0.059 THDH. 6 7=—NLD7
1A 2B EER, Fhix3IRZIH|DIZLL
690 ¥ = — I (=76.6tex) DTNV F T 45 AT
H5. BYVDIOLEARTHAILBIU 7174
Y MEOBEBOMELRETH700, RBABE LT
FAOQL6F) T4 TAY PRV, THRIITHRRE
EMETSR125, BF0.59mm, i 310 tex,
HE 1. 142g/cm’®, HBEE D O RO 7- 45 1LE 52%,
HWEITIZ L HACEIEE 0.0459 TaH 5.

(37) 37

NI | -El ectronic Library Service



Japan soci ety of Home Economics

HARBE REE

AE 2cm THRD ABEIZEE L, 10cm/min ®
HETHE L, ABRBIIAZERERNEERT DT
HEMEMPL20BBLIOFT VT Ty 72 WD
RTA-100 RITH - 7:. MEHEIHMME, 7]#1)
i, “EMEDIETHA.

747 Ay MREIAAET B ORIERIER I E
BEY—EC 27— 3210 RITllE L7 flEoFEd
WRTEICEERL-EBYTHE.

3. BRLHEH

(1) HpifE

YNFT 4T A POBRYIBTIHER T 1T £ b
THOLIDORBEBTAHLDODPRZYETL, FOUL
HEEICEBO 7 19 22 MTRES 2 2DICHO%
HASERILTHO 7 45 22 FASEBEAIZYINT L
TWCHREEZOND, 7145 A2 FIKERTIZE
SO RE N AR ETWT, FHIIFVERR
MOLEL DY, BROEHAIVNSITNIIRBREIL 7 ¢
FAY I OEREBEELIZHEMT A, LA TR
GRS T AT AL PBHOEEERY — - S —X
HWEETEXDL, EEOKREIVE AL DD KA
HodbVIIHELRLTVWHSTHH, £ZTYMHT
LEAhbNE,

TNFT 4T AP BROREDEHRIZL HIRE
DHIEFg IAD L) THAH, FRFHE A bz kTS
Y- THEAEL, MERBO/OEABOZERIR21.7
CEH4THTF-T L, BESHMBIIT T A2
FHIEFATIZES, TV A, IV FHRRREISIIKD (2

a filament axis (sa)

Distance from

£
3
-
[
1S
[
=Y
[ ]

~OVO NP
[?TT

NNNNON

Temperature (')

(=}
-
N

3 4
Distance on a filament axis (mm)

1. Heat distribution map of a nylon 66
multifilament at 36% simple elongation
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A: The lateral view of temperature distribution. The
filament was situated horizontally in the figure. The dotted
line shows the filament axis. B: Temperature along the
filament axis. C: Temperature at right angles to the
filament axis.
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Fig. 2. Temperature change along the filament axis
with strain

Numbers in the figure are strains of a simple elongation.

(38)

NI | -El ectronic Library Service



Japan soci ety of Home Economics

FAOQLINFT 4T AL FPOMEIZL BB UK

BRI, BCL2REAOKE LS. BE
V= 71353 4% MR TAT.5CIZELOLYK L T
Wh, 747X PETREENPELDLIDE, v ILF
HREOMME, MUDOFE— B R 5. KHEM
L B RGFRORDHD HE U HRES S XM 11
INS LR E o THN, Fig.2 TIE1TLHwo I
MIEDH L. MORKTIIRE 2.2COENH - 72
COMELCLOBBIZRYOLEABBE —&%L, M
BHBERE L > TWD, L7z TiRED & HlE R
AEZELDLDT, GRSV EORELRML Twa
74T AL MEROAY —SIZX BIREM I, e
DRECEIFIIERB L CTHIRE L A2 B,
7147 A MHREERTUNLGEEXRL L, Blwk
I CIRBETIREAR , (EL2vhlifidtho
—ETENDPLEAIIE LS. HIZUWERTO®R%
THREFHADPKEL( LD, ZhHEHSENL Y LEET
HhH, TLFHROYRNIL 100 KDHER 715 A +D
5%if1¢&mL2$ﬁmﬂ,ﬁwfﬁ$WMLt
, ERHUINL, ROICYIBILT7 15 4L M
Lﬁﬁﬁ#A%m;o CPTIR Y EEh A L LSBT
17 A PEWmELLY, BELTIHET L. EEL
oREHET 1 T AL MGESYIE A XS
SOENEIZED 705 A MR, BBEICA{YE
5. UNHEREEII FE O BEEESDS, 5 (-8
X BRI F (TaoTy PO —JHICL B )
NDTERATHITLHW) LHKEVEDHTHA.
TATA MR TAE, 5D 104 K2 hHs
TELTHh5. BTH1/105 DN OMENT LM
ENBRLE, TONEDMUONKES L, F7:
F 4066 DRI 20CH 5 60CIZHiRT S &
FRUTFTORE NI >TELLEHILTSY . 2L
THRB LI DEMOMER R TEOLIEOM FHI %
fEL, o Z3H, DWIZIBYIKT 5. ZhAT51.3
RINED DR A RDEINTH L. YIKFETD 2.1%
DOEIZ 18CHEL TV 5
FROBHIZIZT 15 A2 FOMERK, YK 7 1
FAY MO IORKENERIB L UBET7 1 5
AL DEDOEE  BEBILIARREENSHL, 2L F
TATAIMDT A TAPLIAK (6F=—) T
ISREHEN AL D, Y410 6F /)7 154
F 478 T N) DHEPLHERTS. T
17 A2 POMREIIUIBEICH 7T7C, UIHrEIE
25T, YIKRONERRIIH 15CTH L. 7272LY)
Wriid b - & KRSV uTREMEA SV, 28 - L 2

TTHH).

SAHBRBUEAHTHL, THHOlD HMERBOE
BHRRORKEVIED DML, LELTLFT 154
> FOFFEDSETRANKELL LY, ZFITYHT A
BRI, ROICUINIZ7 ¢+ 7 22 P OUER R REE
TATALPEDEHRE - FEBIZLHEBO-OTH S
J. FNLOBOMBHREIZNXLTL, Z0OFEDR
BAMOEH LY ESD, 71720 FEBORE T
5.

Fig. 313 Fig. 20— 2t A, ¥—~7 (=)
25 4mm BENSREB, BLXUOWH-EAalBC %
R IEINSITEREIZEINL T, 40%0D S8R
M, A. THERIZHRIZ 0% F T/ & <,
FRDHEPOMNT S, FOKIED O R LIk
717 A MORBHEMNETHL. Y THRAFED
HT7 47 A7 MIEST MRS T, EHEOMESR
BRSO HBLNI G, B 7154A 01
RO MITI%MHMEFE TIILANSVTOTHAS.
40% AT 6 HimAT A E VI, 40%0L TR 1 A
1KD7 4722 MOSFRPKEIVDE, U= 2
FEYIRT DS 72005 T D, YR HikidEsi
75 29.5CE NEVD, FI00 4 mm BN H
DHIIT12CTTH D, 40%UHEDIL )DL L RIE
DB LM UENEEZONL, T4b5 40%0
l:f“lif‘%’féé: L9y FEEROG ) AL, o)
MU R, BERIIMAT LI OLEALNE,

Fg4uMU®m%%A r2OTNFT 4T AL b

50
—60
45 c
- —50
~ 40—
e 35)- 03
3 A >
5 30 N A
g /| §
a -
Ll 25— "lB —20
/’" -«
20/ e ’ “o
S/ N T T I

0 10 20 30 40 50 60
Elongation (%)
Fig. 3. Filament temperature and a stress-strain
curve of a nylon multifilament in a simple
elongation
A: Peak temperature at breaking point. B: Temperature at
a non-breaking point. C: A stress-strain curve.
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Fig. 4. Temperature change of a twistless nylon
multifilament in a simple elongation

Numbers in the figure are strains. Temperature curves
were shifted upwards with strains, consequently tempera-
ture was arbitrary.
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Fig. 5. Heat distribution map of a nylon 66
multifilament at 35% loop elongation

A: The lateral view of temperature distribution. The dotted
line shows the center axis of two filaments. B: Tempera-
ture along the filament axis. The temperature peaks of 27
TC in A and B correspond to the loop point.
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Fig. 6. Temperature change along the filament axis
with loop in an elongation

Numbers in the figure are strains.
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Fig. 7. Filament temperature and a stress-strain
curve of a nylon multifilament in a loop
elongation

A: Peak temperature at a loop point. B: Temperature at a

non-loop point. C: A stress-strain curve.
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Fig. 8. Heat distribution map of a nylon 66
multifilament at 31% knot elongation

A: The lateral view of temperature distribution. The dotted
line shows the center axis of a knotted filament. B:
Temperature along the filament axis. C: Temperature at
right angles to the filament axis.
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Fig. 9. Temperature change along the filament axis
with knot in an elongation

Numbers in the figure are strains. In this case the
multifilament broke all at once in the knot point.
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Fig. 10. Filament temperature and a stress-strain
curve of a multifilament in a knot elon-
gation

A: Peak temperature at a knot point. B: Temperature at a
non-knot point. C: A stress-strain curve.
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Fig. 11. Temperature changes of nylon 6 mono-

filaments in a simple elongation

A: Temperature of a nylon 6 monofilament. B: Tempera-
ture of two twisted filaments.
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Fig. 12.

A: A nylon monofilament. B: Two twisted filaments. C: Four
twisted filaments.
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Fig. 13. Temperature distribution map of four
twisted filaments just after breaking
One profile line shows the interval of 5C. The broken
filament A was heated at 61.4°C because of rapid shrinking
and the generated heat conducted to the neighbor
filament B.
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