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Systemized Trouble Shooting Method
on Cellulosic Fiber
Part 1) Troubles caused by Mildew, Bacteria, Insects,
Oxidation, Hvdrolysis and some Auxilliaries

VTP UL 2

Hisafumi Terashima Yosuke Mishima

Causes of trouble were classified into three groups where the morphological aspects and

chemical test processes were related repectively for materialistic evidence to proof the cause

through our experiences and examples of trouble shooting on cellulosic fiber.

Troubled product recovery and trouble preventions were also discussed.
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Fig 1 Classification Process of Mildew and Bacteria
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Table 1 Causes of Cotton Colour Fade

Results  of Chemical Tests and  Classification  of

Oxidation and Hydrolysis
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Darker Spot Uneveness on Dyed Cotton Textiles
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Fig 2 Systemized Trouble Shooting Method of Darker

Spot Uneveness on Dyed Cotton Textile
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Fig 3 Concept of Trouble Shooting Process
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Table 3 Morphological Aspects of Troubles and the

Estimation of Causes
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Disposal Method of Barreling Waste Water
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Disposal of the barreling waste water of high-carbon steel and bronze products has

been studied. Calcium chelate method

and alkaline coagulation method  were

succesively applied and found to be highly effective for the treatment,in which an acid,

an innoganic coagulant, a high polymer assistant coagulant and two alkaline were

well-sellected, the time consumed for each unit operation being decided.

The whole disposal process was proposed as a flow sheet,the validity of which was

confirmed through examples of the treatment of some barreling waste water.
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Analysis table of waste water samples

W K| PH Fe Zn Cu
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Disposal process decided of barrling waste water
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Fe Cr
K 14.0mg/ ¢ 0.3mg/ ¢
VISUIP/N 1.2mg/ ¢ 0.1mg/¢

CHt (HEAROL)

PH IFe

Ik 8.9 41.9mg/ ¢

ALK 1.8mg/ ¢

Dl (4o KBl

PH Fe

I K 1 0.77 43.8 mg/ ¢

[a} AL B4 K 0.9mg/ ¢
PH Fe

Ik 2
[DEOYS

32.1mg/ ¢
0.8mg/ ¢

13.7

Dbk Z edi, ZOBFRTRS 10250 LRI HEK
WL — R FIMEE LD LD Th S Z LH s
FIDAN

4, B
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Counsideration for Statistical Analiysis of

Dierectric Strength

fL R

Yosio Murakami

Operation for conclutionbased on statistics of dierectric strength data.

summarized conclution are as follow ;

(1) can be proved of statistically, dierectric strength data obeys a doubly exponential

distribution.

(2) caluclate of average value using the measurering data, using of all measured value.

1. B

il B AR 2 AT B I H N, MRS
N E DA (LU PR S L 0T00) (0l MRS -
M X AR ONLE THERH 2T AB G0 ML T—5
D—27TH D, PRI, RMERUIEE S, bR DGk
Mt T3 ETREL M TH B 05, lEIPE L
DF—F LS Tl nizhr—+t, fHrend—
S E LRI CEI L T2 TH S, A
UG T, BB D KR T — 7 A
Mo Fde v, Wilsm (g - 74 79
fii) BRI AT D G212 TEDH TR L 722 25,
HEAK W OH S Ao i b oo TH R B 1 L SR IE
I EAHBEL 2. F7, EARBIRENIT TE T
ALY S ORI AR 2 ST, i TRITIS
£ E I

2. HBRBIEESHBRAE

FORKREGR X 13, WMANTIKKGABR OE X L T LA
FNRAH I ANy b 2 8 o £X% 2 bE
PA (2mm) 77494 +CT-200, B (1mm)
BHERREAS] ) (220, JIS—C—2110 (MA@t kL
DRI N ikl k) 12, Bz v #LA
bz L0, AR (JIS—C—2320, 2 T#iex
MHY) Bz TRBLIED SIEMITL. 16KV /sec

LR B TRE 2T A L (kT R

(0K V ~53k VO o ) T HIY ) By kg ikl )
RIS T oVAN

2 AUBR Y (110W X 150 2 X 2t)

o
B Ls

[ alo b

Electrode for Dielectric strength Test

3. BEF—%

HAR UG X ONERS W & & LIZa0T, 25 30wl
HiRR o), CESfEN, WS, X HIBR & k7
L2 AHLE2R3 DR LR,

K20 T—90s ) CAREHRCHIIL Iz %S
B O Has sk = 12, R ST X ORE L idF
A - 2084, s 0 23.58kV/mm, kA
s 10.873, i 2. 112z oo/ 2L T
WE (R (s/x] TETE 3.7%E05). Ly
L, —#UZ k9 T — % Th- THERKM, bl
WAYIET TN 3 DT — 2D 2 KD T, R
B DAERIE 2 & T 2 H 07 %0,

KEA DKM, /Mt & b 221N 3 DT — 9 T
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B RS F— 5

Dielectric strength Data of Sample A and B

W HorkWibE X (kKV/mm)
A—1 22.54, 24.03, 24.02, 24.01, 24.51
A2 23.67, 24.75, 22.64, 24.02, 22.82
A—3 24.39, 24.38, 24.76, 24.88, 23.13
" 28.10, 30.58, 31.07, 31.86
34,16, 33.65, 35.00, 36.89

£ RS 2 0L, MERIE D b S LN BT L
HOED LA F L ods, RENEL ) 5+ 57
DI, BT 2 HiEa L T B,

202 MEERUEE X VL0, A, A
Average, standard deviation and range value of Dielectric

Strength

O PR /mm) | kg i 14

A—1 | 23.82 [24.02] | 0.744 [0.010] 1.97 {0.02]
A=2 | 23.58 [23.50] | 0.873 [0.619] | 2.11 [1.20]
A3 | 24.31 [24.51] | 0.692 [0.214] 1.75 [0.38]

S B LY S I § P S N T R (R RO ]

23 HEEREENOE X A - GEINES W
calculation result for Average value of Sample B's

Dielectric strength

FEEN - bR - R I - B X - R
(4 i"f‘éi Gk » M2 B <)

X [ 32.66 X 132,72
s 12,800 s 1 1.799
R :8.79 R :4.42

MEARIR S 2 AL NN, B Es, B L i
MR &EKDMEZ2Z | ] N2, £, WEZRE
BiZowTid &3 oz,

TN, REA, B PEMils ek - Mtz &
WERMADT = Z1T L BRI R DEIZIEE A E RS
Lotz KBk iz, AN, MR w0 T,
WD T— & TEXf % Kb e hofdii e, &£57—%
ERREL TG ERDIEIM E D XD S 60T, il
DABMOBMBTL LW LA, 2k Iz, kAl
BME ROV 1 TT M & RD 22 850, - {5
L ’Cfi}f»uf:'r~yfrﬁ'é‘fﬂﬂ.’?’f’( LEHhrizhd
DT, PFONIT = ZIATMITHHL 2 tuda s i
2 EZ5b,

-‘n&r

4. HERYT— s4nig

HEBR R GE B D TFEMANIUAA — 2 (23.58kV/mm)
EFEMAIGCA - 3 (24.31KV/mMm) D &2 DMTL
HARKRSS 05 X 20,73k V &/ B v, Hikk BRI X o)

A BRGS0 E o o R
Significance Test of Difference Between the Two Mean

values of Dicleetric strength

il 8] at B il

DI = | Xa2Xas | d=123.58-24.31 =0.73
Y

2

n2=3.032

e T
FATHIS =Qn——
FATHIS, M n Saa=1.931

[nin=1)

to= < -d to=1.465
' \’/ Saz+Sas ‘
R t2 (n 1, a) @ 0.10t (8,0.10) =1.860

PRS2 KA LZ0TE 1D TIN& B THOE L 728558, to
1465 4 ), Z Ot fEkidie 1 0.10 T i1
(8,0.10) :1.860L N IS VANTA—22,A—3EDR
ORI T DT B 3 2 o220, $72, RIS
HRHWED SHEM 2 LI L 22 & 2 2, AU
BT, A= T ~A-3 3R BBTIIArEA&IZW S
Wtz ZOHE»LA -1 ~A~ 30 & Ak
=D TIN—T LB TLMEE e X PR 72,

LT, A-1~A-3D%(7—9, HI5nF— 9%
—ONDIN—=TELTEEH, Zitb524K (n:15)
b U TSR X o, IR, BEEEs, LT
PR %3k &, %72, £ :23.90kV/mm, s :0.782,
R 2.34kV/mm #1572, #7:, ESWMERE 050 % &
AL T7TLELTERTEM2IZRT L) #0851
22, ZOKTY S de £ 912 REER T, ALz Has i
S DAL, AT & o 22 R R T (o)
(VT S (PR S SARATS F (E N B A Sl /L
brs,

6 —

LA

22.5- 23.0- 23.5- 24.0- 24.5-
LRBEMonE (kV,/mm)

[42 #EFEPOHS £ 2 b 772

Histogram of Diciectric Strength kV/mm
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fii 70 X OHEF TR DRBS IS RIT 0T L TR LT

hHhT7Ta
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20

15 25 35
HARIRRTE (KV/ )=

(3 kiR s (RX#A) Y4779}

Weibull plot of Sample A's Diclectric strength
m= 1 ———— fifr i

m=1.4 (€ 1E &/ IS TN L I8!
m=3~4 — B

M= 25~ ——— LT A U/t or i)

AN L 9 zmH3D L ) WL, AR ELTw5
S ATIE TORAREON D M A X T BT Tl
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PNy (R x5 4 —%) :33.62
m (k- v7 £4—2%) 112.2
IS ZODEM IS AF BT A T i DR
AP L ERDE NN D,
Femn=1—exp |— (X/33.62) '*7|
(2) —EiEMMeEil - ERMERICL 285
IHETREAML TR L, H#EEIE S AT
TR N8 5 L olfisgs L, 7T — 7 & TR
A T, V7o 7giz k) 7o b LS
WAl 4 i, R L TR R IE X T -7 &
KNEOMnMuZ oz, REEESLSHEL 700 L

99 F

A 1 24.27%V/on
a :0.624

90

80 |

1 L 1

1 23
ERKRAX (KV/mn) =

(4 HEEREEGE 2 TR 7o o b (REA)
Doubly exponential distribution’s plot of Sample A’s

Dielectric strength
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99 - —
X1 23.90kY/m
5 :0.782
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~
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5 A Ot o i X
Normal distribution plot of Sample A’s Dielectric

strength

90 L A 2 24,13kV/m
a :2.692

80 F
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50}
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| I I
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28 32
HRBPES (KV/mm) ~>
[46  HExgim s IR E 7o o b GRRB)
Doubly exponential  distribution’s  plot  of Sample

B’s Dielectric strength

ZRHDDTIE % T — 80 5 THHEHE A K o
LB EMPTHS, 20 idhs L TEMI AT
‘Minimum Variance Linear Unbiased Estimator
(MVLUE#)! %2 10T 02, S ikidHers
B oy Aih i fi (CORREE) OO T—
AT OLE ThH->TLA, eDFE T A= %
MVLUE##a, b2 &L TRORZE ) Kkdd - -

99

90} X : 3250k om
s :2.80 —

60
SO b
40

i

1 1 1 1
26 38

30 a4
B W s & (kV/an) —
M7 skt 2 (GUEB)

Normal distribution of Sample B's Dielectric strength

HTEAh,
n

A= 2 AieoXi
il

n
a = 2 by
=1

MVLUER#a, btz N5 2 200,23 T
MM TEELTHZ 5T,

ABAD i i~ 2 — 2 #MVLUE#: &
DIRDIZEER, L5ITRT L IIZA 124,27, @ :0.624
DWATRS ¢ 107z REBIZ DT L B L 728
¥, A 134013, @ 12,692, X otz AL EEND

05 BN X HOMVLUER:

MVLUE of Sample A’s dielectric strength

i |x(kV/mm) ai ax b bix
1 22.54 0.01889 | 0.42578 | -0.04865 | -1.09657
2 22.64 0.02489 | 0.56351 | -0.05233 | -1.18475
3 22.82 0.03048 | 0.69555 | -0.05360 1.22315
4 23.13 0.03598 | 0.83222 | -0.05327 | -1.23214
5 23.67 0.04153 0.98302 | -0.05133 ] -1.21498
[} 24.01 0.04722 1.13375 | -0.04841 | -1.16232
7 24.02 0.05314 1.27642 | -0.04380 | -1.05208
8 24.02 0.05940 1.42679 | -0.03745 | -0.89955
9 24,03 0.06613 1.58910 [ -0.02900 | -0.69687
10 24.38 0.07349 1.79169 | -0.01778 | (0.43348
11 24.39 0.08177 1.99437 | -0.00277 | -0.06756
12 24.51 0.09139 2.23997 0.01793 0.43946
13 24.75 0.10320 2.55420 0.04829 1.19518
14 24.76 0.11931 2.95412 0.09877 2.44555
15 24.88 0.15318 3.81112 0.27361 6.80742
N 15 A [Yax]=24.27 |a : [Shix]=0.62416
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99
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a0.624

90

sot
Fe-D* (15,0.4)

w

21 23 2
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8 kB 2 ORK.S BE GREA)

Kolmogorov-Smirnov Test of Sample A’s Dieleetric

strength by Doubly exponential distribution
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77 2) TOEES S VU E#LLBHA, 74 2% (XF)
BOEEV R CHL LG, Lal, s H127—7
B 100, F7:08, FUUTOLE S 84 3 fi~o
MR EEELLT L HHL (A, Bzt 2kt
YLD, DL NZT =R L DA HE
EOBEIZHVWANEELT, anETo7 -2 3L/
7RGES: UUTK.S. BoEd:) b2, —oBEEcyL
TORMEENENO LI By, FRETIIERT D
A, ZOK.S.BESET — 7 #n L REMROSR O
ZEEE5 2T/ o3 T A Y o 7 uBENET
H D1, HENT— 5B ERBREOFIR, (EH
T — DGR R L 722 FEEE HEZ 512, 48
BU, WOIZRFIADZ N EFNODHIZT K. S s
DIKRE LY, HONIZ G2 4 T B HER R EHIZ D
THEB 8 DG E A izt L [755 £ — 9k
BIRE A OK. S BUEH B R (HEf) ] 2%, £

99 I-

S0 |-

60 |-

/~=FuD (1501

23 25
® MWK & (kV/mn) —>

B9 sk osm K. S BE (BKA)
Kolmogorov-Smirnov Test for Sample A’s Dielectric

strength at Normal distribution

F#6  HHWIROE S (REB) K.S. &%
Kolmogorov Smirnov Test for Sample B’s Dielectric

strength at Extreme-value distribution

| 7% i/N i —=1/N| F(xi) D
1 28.10 0.125 0.000 0.101 0.101
2 30.58 0.250 0.125 0.235 0.110
3 31.07 0.375 0.250 0.274 0.101
4 31.86 0.500 0.375 0.350 0.150
5 33.65 0.625 0.500 0.568 0.068
6 34.16 0.750 0.625 0.636 0.114
7 35.00 0.875 0.750 0.748 0.127
8 36.89 1.000 0.875 0.938 0.063

D =0.150 < D* (0,8.40) 0.205
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2, 9 OWBSAIZA L T, — Rz 2 s K.
S HED LTI THPEMR A & 72, 61213
KB TR B gt A K .S BOEDF R 2oL 12,
ARz, 7 IEBGCHT K. S BEDHE Y £ T,
KO6DL I RSN ~DRAIE L KD B L 11D
0.15& 7%, &4 a @ 40%THOD* (8,0.4) :0.205%
DINS i 7z, 2L DIRAIERE DR, IE
A, B, oo [HRROMIC LIER A L
EEZTHLRG] X DR 1L,

K7 HEEB WS (REB) K.S HsE
Kolmogorov-Smirnov Test for Sample B’s Diclectric

strength at Normal distribution

Wigr| 7—v i /N i—1/N | F(xi) D
1 28.10 0.125 0.000 0.052 0.073
2 30.58 0.250 0.125 0.228 0.103
3 31.07 0.375 0.250 0.285 0.090
4 31.86 0.500 0.375 0.387 0.113
5 33.65 0.625 0.500 0.639 0.139
6 34.16 0.750 0.625 0.703 0.078
7 35.00 0.875 0.750 0.7938 0.077
8 36.89 1.000 0.875 0.934 0.066

Dm=0.139 < Do* (8,0.10) 0.358
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Effects of Tumbling on the Drying Behavior of Fabrics

hE HEZF O fE W

Seiji Nakamura Koichi Sumi

WAk MY B IERK

Taisuke Shimizu Muasaki Yoshino

Tumbling effect to the drying behavior of textiles was examined to accelerate the drying speed.

The result obtained were as follows.

1) With increasing the repetition times moisture content decreased slowly and with increasing

the revolutin of blowing fan that decreased markedly.

2) The drying characteristic curve of20, 30Hz (the revolutin of blowing fan) is composed of

constant drying rate period and decreasing drying rate period,but that of40~60Hz is composed

of decreasing drying rate period only.
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Schema of the multi-Purpose drying system
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Change in moisture content by the revolutions of blowing

Il e Sk N 4

fan
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characteristic curve
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Wool Shrink Resistant Finish by the Combined
Use of Low Temperatire Plasma and Resin

H I £ mE Er

Mitsuru Tahara Tadashi Takatika

B e o R

Toshio Masuoka

Shrinkproofing resin or low temperature plasma treatment was used to prevent woolen

fabrics from shrinking by laundring.

this paper, the shrink-proofing effect of

combined use with plasma treatment and resin has been studied. Woolen fabrics of

crepe weaves shrink by about 70% when

laundered eight times. Because of this

property of wool, shrinkproofing with resin has been done. However,the treated effect

is lost after several launderings. When

laundered more than 10 times, the woolen

fabrics with resin treatment shrink by over 50% When we treated woolen fabrics with

low temperature plasma, the treated effect was hold after 20 times launderings. But

the plasma treatment had lower effect than the resin tratment during several times

launderings. Then we have planed to be combined plasma and resin treatment. As the

result,when the resin  treatment is applied pre or after plasma treatment, the

shrinkage after 20 launderings is lowered to less than 10%.

1. #

ERHMCMR 7 7 X2 2 MU T 2 2 22 & - ThiHtE
AhHLPUEMNYS TED 2 Mg RLILT VA", B,
SRS & B MO 2 ZE L 22BN T F oo Bt iz L e
W 2 5 LD TEDEDRIE T U WEHT 5,
IHELET ADEKEFAOUEN L LT 25, =
IMILETAHEH)— 2 (032 - bW EL 3, 77
TP L BRI IR 2 L 22 2 3 L 045D
#ORL TR L CIERIZE AL B B,

iR 77 X2 35 & OB & 2 Bi# I Al (1]
Lo TR AN S BB R 2 14, KET#Y
WLk e B A HRT 5 2 & 2 AFEN AT
)

ol

o CEPEIRED  BUHEM TR e
o W or 5 R R AT

. BRI &

(1) R

JIS L 080312 Misg S 4u72 ¥ kT a4 45 & O §HEEGE
B % 20em iz Y- THAIL 72,
S TR I WIE 72254 /cm, & 2234 /cm,
H{$130g/ m* D ERI0% D L O % ER L 72, SUbKE TR
W F A RNE C, BROAKEAD LT VoI A
720 F 1o, RACIATE RO S TTO BEATEE Y1 ATT
eThdrhi ke L.

(2) Mg

(a) BAPHII.

NA ZNHMSYNTHAPPRET BAP (R AV T
F— PN 2 RG22 L ) 602/ | DR
(NaHCOs(z= £ WV PH6 ~ 8 12,8%%) (& mditil, ¥
FL4#960°C TG HI40C TL.SXa T 7%
ARV AN



86

(b) BAP+DLHm L

BAP 30g/ 1, IMPRANIL DLH (1 ™7v 2> D41
o) 30g/ 1 i (NaHCOs02 &£ ) PH 6 ~ 8 (2%%)
AR EHIL, o7 FLA60T TEBENH140°C T1.5
FEXLTV ThE o0,

<w%¢6” H$ﬁm%M$%%ﬂﬁmkk%>

TRE

(3) ERTS X<inig

FrREEOO, CEITEROY, B3 .56 MHz (iR 7 5
K2 BT A vz, ABHE I E30em o F B
(Groundfil)) sgeizEt2, 77 X2h e L Clifs#H
M, ) (VOZERE) 0.2Torr, H171300W,  ALPEERH)
3ghUresrsLr:,

(4) ®EHE

JIS L 0217001038 - L, SECHZEREE % v, 40T
DAL LZRL T 2gDJIS K 3371 THRIES LW T LA
UHACRHT ORI 2 R L, ERL TR s L7s.
ZOWRBHRIZTILT 1308 A5 % 9 ZRB U A £
AtLS kit L, BiA, WimoKIZE 2T
ORI EVRC L, K, 2 Mo kv
UM RUEN 9 > 7 7 — it T+ 5, KLl
FEAREME LI L, /%2000 KL 7.

(5) EWEMEDDIE

N7z THIB L E 2 HNNES 2% 3 7T
D]

g LEREDLTXES)
(iMoo Tx &)

ELTERL 2,

100 o kiuE
Q:75ZX73
L 875z
o: 7°7;<<’Fﬁﬁ3é}ﬁ€i§1
80 ©O:nllE _—0

@fﬁlm_f (%)
T

£

@’? ! !

7“/4//8/

3. BRrEE

(1) o R¥

SUBRE L % D6 > 72 B0 00 il nl £5.2010] & TN HE
FOBMEE L IZRT. KPR kHE 1 [l H 0 K H
ORELUEA R ), 8l H il £ T B IR
T4, BEILL 22 SR T Bl o) BRI E TR LR AT
SN, RO TRZ IR E L
N, 20 0#E ) L RIERIZEITOBIET A, X2 T
COTHERIL oMK R D L 0 AIRERGE LT BV,

2 Pre-polymer-NHCOSO s+H.0 — OH

Polymer-NHCONH-Polymer+ COz+ 2 HSO ™
X2 T2 ZRIEX R L) LoEFRIE LT B Hf
V2T DVHOFREDRIE L BEBI I L 227,

i 77 X2 A | 72 Tl M O B o kil T
12, BRI S X E IS RE LR H LD
T ns, R %< b BRI LY B
HiORH RN FIZ b S b iLd, 2 O BB
AbLTHRBTH Y, £ 6 SMBGL 22850
& 3rattg, RSO L T3 AL oG T
LEDEEDW S L,

K2 2Mkim 7 7 X=0B (LN 77 X=lf s g)
EEEINT L DR OBGOMNULEEEN 2L 2 03T,
i el A P F TEEIRN L2 oRE, 77 o
FRILEIIE I U 72k & 22BN L7 7 A=W PEL 72
KEHZIZ & A K U B L, BRI A L T 5
77 RPN L 22, 20W kit AT L 2 FIE T
77 R S\ LSRR85 O & e R

ARE IS ILD, Bk
177 XA L Th b
IR T % L 22850 TR
o——0 Hithlzhe L BEC, 20Dk

- it & 17 - T LR HTE A
1FE A h t) W
T ,///// it I BB O P A UL

AR ML o4 x
LHENER E 2o TV B A,
ZAUIBIRIC & B BhER R
EWIZRE VWD TTA
B3 10 S/ ROV AR A
TLE ORI Lo
YRR TLEY L %

0 4 8 12

o ariCl} 2

M1 BN TS L7 7 2= 4 Bah T35 224 - 28 G O i MG & 2 o Y
Relation between area shrinkage ratio and laundering times when

single used with low temperature plasma or resin (crepe  weaves)

mL T, 7z, BilEm
L& Lkl 77 A=
LT O RR E N T L #
Ml pkifE LR Ji iz
TR AT, £l



KBTS PE AL S 2 4T No. 4, 1991

100

: 72X 6 AR
7’57<v3ﬁﬁamm=§§%

[
=
T
GOOO@

N 4%
gl e BN

ERMGEE (%)
[@)]
o
—
\O

37

TUHRD K, T T K2
B3 KA D 44 ki) bR
121 ot T A E I
L, ZDOEDRKIRIZHENT
LUK AR B, 7T A
A R O WG AL EL
DAKE N D) &,
FECZ 2010l PEIR R o UL 44 X
AW /IR L
Tuv b, BN Lo
8 MRt £ Tl
BV AL, SRR
DL 7T XL

&0 L BN LasEdm oo ik

H2 BHEMTS L7 7 X0 4 GF L 7245 ol BG4 il b B Y%
Relation between area shrinkage ratio and laundering times when

combined used with low temperature plasma and resin (crepe  weaves)

i3 7 7 o WP RE X HeN, B AR X
Zeh, AU EEOPRR T2 A E TR A & R
FH#HGhRARIZAL D A5, FHUABIREIC & O BEds
FIBEL T 2 DRI b 52 51D,
£7:, 77 X PEE SR T U 22 AR 2000 2R 1% &
B2t £nd o, SRRz L 034 s
BLThav e EEZ LAY, l2ssbhrbd Ll
BRI L 2277 A<l BL L 72 ke, 77 X=r20t
DR L) HETEA I, 2SIk 4 £ TT
127 7 X2 WP Al KU AT K E v, Lo L,
TDEONGEHIL T 7 X2 BRI EA 5 L i in T
%77 X200 E = LEBOMAETEE, L (e
777 OME B BRI T T R o S
M OBIETHET 2 2 213X A b badA5, EIEII
%77 X2WMBL 72 LD L IR DRI Bl ik
TR L, L3 77 X2 B ONED A5 8621
HLTwa ElbNE, T4bt, BTMT%7 S X<
WEL 22553 MBOEIE L IEOsa R L) 75

A=MBEROE AL ) WHiH NS (M2 S, kil
B8 b 77 X282 L5 %kiltat 2k d 5155
AR F SN D EHETE 20, ZDMIZHESEM %
EHL TR TH D,

(2) F&Ex) >~

KIZPFRER ) > of GRMTaf) oLzt b
WHFEAK 3T, #0BL2 77 70 s Fido
BRI G2 LB Tv b, KRBOREL 1 Mok
WTRECHHRL, coBOERI-EVTL k=584

AL TR AT
HDLZEDbNDL, 77X
LB H ML 22k
(220l 4 4 i U i
A2 %L1 E A XL
Lo,

(3) DLHO##RB

BEFICDLH 2 80 A L 228503 4 (23 L oz mfikile e
DIERIZRFE G B, 7T T7ORAKIZDLHE & £ 4B
o ST ) 8 MO F TR 2/ & IR
AL, AU RIS o KR E S D
23T TTIORKIIDLHE T OB S G
WTva, ULa L, skifBIEH 1200 T Z ofFun)is
e h ), BRIREIE R T T OUERANT RS (e h e,
DLHAMBL ViR L TlE 7 5 2= 8 kbR T
L7z tenie L Bt L T 2oy, DLHE ML 722
WGBS IZ AT L SR L7 7 X2 P L 723
KL DRPED I 2 = T 2™, HHZ IR 8D 8 ~
12y & 52l - B I L VW2 2 h%hn b,
EZHT, BNTEFI70do0rFL L 38k THS
A, TIT XA L iz L) kil T ATEKIEL
BT & BATL T 437, BT TAM L
ROUBIHEEZLNDL, HDVIT o FLTIZENY
TEHOMMND L ) Iﬁi’dm B » bl
[l A X AR I A LhELEZLNE, L
#L,M%WIL&&L77zvﬂﬂT6;tT&wm
I EFT DD EHD L ) LR TENU D I2H TG
Lk, BEUIKD T 7 XM TREHT 2 hE K20
b,

4. %

B

FTRAHOBIRIZ & 5 BHN T2 e M s b 4ot
R RY SRR LT A, RIRME L B &



88
N =Ei

50F‘D 7m%veﬁmm
57zv3ﬁmm&mHMI

40
QQ
&30

R
Q

N
o
|

o—=0

&?:{AQ—‘?—"—'

0 20
L3 RN I RS & R Il 2o 1 6

Relation between arca shrinkage ratio and laundering

times (plains  weaves)

(u ”Hﬁl
201 Qg2 X7 A
O: 7°5;<7 3 S RaHRIEIN T
(BAP+DLH)
0
N 0o
i O
s
glo—
E o
p—t A
5
r—K —0—0
o—0—0
| l | | |
0 1 8 12 16 20
DRy

44  BAP+DLH % EHIL 72354 o ikl g4 - diR o
1% 4%
Area shrinkage ratio behavior of the treated with

BAP+DLH by laundering times (plains weaves)

1
O st

Oz Rl
ol §§§§) ﬁf7173%$ﬂ

1 75X 3N HERENIT.
$ | (BAP+DLH) e
Z O
f “
i&'n/\ P
i a—2
A

YD

5 BERINALE X077 A AR L 2o G oo i B
HEH L PR [l B I 7

Area shrinkage ratio behavior of the treated with low

temperature plasma and resin by laundering times

(plains  weaves)

Pt A B+ 5 ;uuHL A S 152 R A
KT R ol % e X BB T 2 T # AU
ERELPHPE DS U DY, IR E S - T
LRI Lo oy & 5 1I2Hi#itE o B bz /o e de o,
BRI A% 7 7 Z= 0B 5 2 ThRiREEN Do -
HIEEEIM T s DB FEtE 2 - 2, kiRl Ee &
2377 X2z & B kit 2o & B it Hc - 2
LB Z ENhirot, 7T Ko MBLEREIIE I L 2o b
D IEEERIC & 2 Mg R 0ml o it 20 U T 15 ALk
WAt oS 2 IR M THETH Y, KET
DEN) WL BRI AR 2 B ')ji}‘-f‘% IR S-S S AN
BN Ltk 75 X2 MM A 5275 ) 28 T7 7 Aol
wElEmrTaLn g lﬂmerrtfmnj 1oL, Ao it v e
UHEEINDRATHET L b1,

& E X #

Pavlath ; Appl. Poiym. Symp., 11, 18, 1317 (1971)
NA I TR JC 228 (N)/Sept. 1981
M.A.Rushforth ; Text. Inst., 71, 121 (1980)

RO G BB 22 e AR 2

MRS SR L] P —174670

RN S L WAL, 1985, 1079

- W e
— o~ e —

oG



JBRME O F TR 7 BF R AT LS No. 4, 1991 89

Rl A
IR LR T L = =7 264 (A2024) O
e T fEEROE & N AR LI o s H

Cold and Warm Forging of Ages -~Hardening Aluminum Alloy (A2024)
and the Application to Thermomechanical Processing

Ryoichi Wadabayvashi

In order to improve the precision of forged products for aluminum alloy, cold and warm
forging processes of quenched billets were tried by using A2024 alloy specimens. From the
results of upsetting test, it was found that the forging temperature of quenched billets had to
be elevated above 250C so as to take forgeability equal to cold forging of annealed billets. Out
of four processes including heat treatment and extrusion, the warm extruding process in the
midst of aging treatment for quenched billets produced the superior dimensional
precision and hardness distribution of products. Namely this thermomechanical processing

improved the value added of forged products.

. L7z, WW§Lz, WEhuusion IR T il 4 X o
1. $AHE R . L
I BB D T L T WAk EEEL 7,
LIk S ¢ SN EH R ERZL T | ARUATE HP O il B A Ry

2. HEH B L ORRSS
LOEHCEMDOTEEDRIGIZME D06 5. AU HEAM S L URRT

L LN ABEES U AU, SRR L 2L ik, BERRLTI T L 3 =7 20 A 2024 (Al Cu
BpPHIOERI XA L DI a ), FALE X L LR F) DGUREM T, S Y LTI niifE o g o
DOBIERIM LG D S5RFEEAL, SR IE LI i 7.2 K GETHL, ZOMBEDOM (Bexh L), TaH (8
HHTVWS, AFLTE KPR ANBEIL L) 45 5 W HE (O APL TR hae(L
WL TV 3 = L EOH0N L, RS (380~ FEEITL T IRIED ML) D 3 M KT
430C) TIirbil, HUEKIZIEERICLRE, B AdL, BEIL e 1 R REE - B L S O DGR SROR AN W ()
B o BILPEAHE S 405, HEIARD LA L ot fLF#lF £ 112, OMET Aol 4 L2008
ITHOEE ML 2 Lbhdh,, ZOiexn il T,
MAFGEL 721, MRS s, wTiuzLl<y

21 LM DR THIK (wt?)

Chemical composition of material used (A2024).

HOGTRIZ 2 & ) BB 2 i § 55 (v 120, O A0
RIS R O BB £ B KR KA LT

I T ORI E 20 B, Z iUt L, Fom ALY & Si | Fe | Cu{Mn|Mg| Cr|Zn|zetTi| Ti| A
BP0 U 7o F M 2 O TINS5 I INEGE T B 0.13{0.31[4.59]0.44| 1.40|0.01{0.01} 0.04 [0.04| 55
ZEDEZLNLD, IGITIRAEMAGZ L <, £ 7z
T L BB E 5 B B ALD RN+ 572 £ OMELUT 4 MR RIT
HhEVEHSILT A, 2T, 0L % Ui Mechanical properties of billets used (A2024 O and T
7/[« N —‘—WL{?%@ F'%ff";n (I ), L C {j A) a 4:{,' at room lcmpera[urc.
LUHEIZ T B 7o, BEARUEEILL 70 LM A G - mEGE Glsie ) 58 % fig o X
FAWOOM TS £ M TR Dy T iR it (kgf mm®) %) (Hv)

Ot 23.0 20.2 65.8
o CRMERCHISL AR TR Ty 55.9 165 132




90

S 4 HFEHGABR 708, ifRLI.0mm, £5 3/ .S
DHIHIKRAB N ZRLOH S AL TICHIT 2 2 X2 &
Dy ERA S300C £ TOMTHIEZ 150 2 AL AL
EHAAMTIRR % Kev 721 Zondkldin o, Ak
e imBERE T e 2 X LT E AL LD 4 B
T2 Z AR, FIR20mm, @5 E20mma ik & v
THitEHME LI %2 -7, SO ER 7042 %
L3I T, AMN7T o220 L.QN 7 ox AL, B
AtLEEOIBCC L) Bt £ 2 w4 o fui 5T
B NEH TH S, BRI L 2T 250 T,
AL SLoEINA8160% TH A, Mtz wTho7
Ot ADME L B GIURO KMo —TF 4 o 7 L1,
#7022 THMLEIZ DT, 5D - NIEB % [
Dk 2O0E THHET B & Mz, Wit S 5 & oK
s TR MEIR & SRR L 72, TEAiak e ds & OV mE L
CIZHIGZ288M0E, 100b> 2792 770 2ThD,

L3 HELZMINL L LoD 7 a4 2

Extruding and heat treating processes tested.

e b L B LR o4 2

Otf &t (CF) i,

ST
| ko (STY A AR W
VL WQ), o (0 cf NA
(WQ), Cisessh (NA, o
96h BLE)
O MG RILRIL - K A ST
WaQ
MJ_Lw;ﬁg
ST
ou
WF

O M HERILL L - K A
3 | Lkt (WE) £250°C0z 1Y
MR FF R L (W)

O | 1Lk (WHE) &L,
W0  WF
250°C

Tau—/—m‘%—\-——o

3 | T4 £ 4250°C T L

F— D —

WCERYR

R— 20 —

[EUDUEL U PR TR METY P2 IN

Shape of extruded product.

1. RBRERBIUER

(1) EMERER L FAAMTIRF

AP THIG 72T v 2 =7 20 (A2024) 13 1) PR
ML T BT, ERGALEE - BE AL LR IR RGH 2
L WEN) & ST B, 1 218, HEAALI O
MBS 2 H O WMo S BOERERIERT -, mix s Lol
AT E DR LT 2L nTH DB, Mzt
L72OMITHAWEH S aE CREMHIZZ L s, AL
THILET A M EVIEPEIES <, b BN 1

o n a
o HHKRAE

£ (%)

R &R A

LANBROBEKTHE (h)
42 Wkt | 85 hafb bk
State of natural age- hardening of the specimen just after

quenching (A2021 W),

60
T4 - % B
X
SowW -
SO/ 200°C
T 4 — 200"
;; /- -~
£ .
N ™~
= 40F ~ W —200°C
A \
=
ﬁ ~
% 30_ O — ¥ i
£
pi
[we)
20k 0~ 200°C
ol

0 05 70 5
WM RERICBET2FHLFA
3 OH, WHELUT 4 Howind £ 0200012503 50

Hii 22 IS HCHT I 4
Compressive flow stress curves at room temperature

and 200C for A2021-0, -W, -T4.



K WOE S22 S TR R HLY Noo 4, 1991

WiETH DL ED LS, £ 2T, UTEE - T
WHOITIE 4 ~T, BEAIUH 2 BEBILIA R 2
A

305, O, T4, WEHMFO MRS 88z & -
TSI, Wi L U000 1T it B IEHL R RS R
Thd, XHIZ 77 7R EL s 2, iR T
DURAEHIE, T ROMBLOT AL X LIZRNT 2
DIZEL, 200C T2 U T 20X ORISR DR A
flinBliL, ciUL b T A TEERMMANIT— 2 h
AT U A S fL7s, UL, AR AL
FHIM TS L BMmHTmb ), wlE Fxic & B HAbn
Laifb %ML 72720 2 bl s,

60
e
\\ il Uk
S0r 150°C *_ .2

Alls0c

200°C > -a 200°C
40F «x W
T4 # > o#
30F \ % @
\

o

BREREERR (kgf/mntf)

20k 250C" ,.\A 200C
300'(:

10+

O 1 A Al A 1 1 '

0 10 20 30 40 50 60 70 80
REFEAALR (%)
4 G AULBLKIE T - i
Cold and warm forgeability of A2024 alloy specimens

heat -treated in different conditions.

P 412, GHAMPLIKIED M B, FiRH300C £ TD
IR 51T B BURAEIA R0 & e NIEHRZ A8 A 7 0
L7228 THD, ZoHIZ L) g nlRIEIZT 54
ABHEM FHAT 5 2 20 TX 5, OHOHGEMA K’
T BDIENRTHHH, T4 M EWHNRE T,
WFHOMTIMETLWHD A HEN IR 2 o h
b, 270, WHITHIR TOBRRNAZ4D 0% TH
LZolzxtl, 150°C T35 %ANEIITL T b, Z4Lid
iz & - THRLEE L M S iz 2 2 52 5L 5.
205(2200C L Iz s %05 b, BRI A
MmmW%ﬂmIu;aw%mm%;wak%(an,
HOEMEACLH I NS L 24D, 12720, O XA
DIERE L 2HZ, T4 M, Wi E L250CLL LD
ML T 5L HD VL5,

(2) BHELMNITTOMIH L MISMK

4512, &3 TRLZAMMNDE70H 2 THE LN
VT 72D Ry FIe ) E2md, 4 fin7 a2
N b, Ol OMOEIMENE TR FLE 2 he L <,
OHWHORNEGE TR LG, 272, G Dixziz

91

140
R
HH_120F ¢
+~E
N E100r o °
%3
= 80F °
H
= &?

1 1 1 1
7t XD
{5 #7074 A80 0 UBED R FIE )

Extruding pressures in the processes of four kinds.

IWWH B L UT 4 Ho250C TORMEGETH Y, Ko F
£, ZOMOME s, BT ILOSG LG Y
DRETLIEACRETEL, 485G, DT ot
TGS &7 2 22350, T 4 MTi200C L0 F, WHT
2100°C 45 5 L150°C TOMTUZ 350 THHHML 30l
Wi L, MEARGRETH -7z,

4612, %7042 TOMI MO FEES L N5E
FID L BRSO EDOBT 2T, 7oe ML
ML B AILA T DI T VWA S, kI —HY
WX ThD, ZFUIHLOEBAILENMEL THY,
B I LAY, KR DT A0 L B e
EDBIEDFED 12 HIZ W2 NELDEENELS L » T
L, iRINEOE OGNS0 L X EMA IS
K endy, @7 o4 2 TR L & R R R AL &
LCvdl b an, Wi & o ekayiaifkr b -
THEN—-BRL NI AL TH D,

-

150 F l
N "
XU -
t’%{ -
100

® @ 6 @
7o+t ADFH

X6 @7 oA TO MR

Hardness of the products by the processes of four kinds.



92

20.4 -
- i<tk
202 F 170,
’E !
S20fF !
L
'2{ 19.8 } E
= A
=msf &lp
wm{ e
10.2 F ,
= WISkl
= 10.0 :-& T Lik
= 98F J [ I
= . 1
< 9.6
B,
9.A1T'

AR Y|
7 #7092 TOMN O ERE
Dimensional accuracy of the products by the processes

of four kinds.

K71, &7 942128 5000 FERNE & 1L L
ttmfﬁ6gﬁﬁ%@k%uM1®lﬂmM.k%ﬁ
SO TOMEM A R, BB, 5iED X L 2 0fy
FDFE ) ML DGR T R L e
S5 MM LI (1L nfiiit) (22 i0k D XX s ¢,
NIIZ B UAA SR Z e - T B 2k hibhr b, ZfUi
HEIHL K FORMIPZAKCZ L L 208, —Riz )0,
WA TH S, 7022 DM, WL ILET%iz
WEEL 720 (BB T ) 12k, ZILE %K
fEALEE » B ALLL 72 L DI~ OFFUAZ DK E (2 -
T, JIUIBNE L ThEL0TATHY, &
0.2mmN ATk B, Rz, W10 080 4 B
KT DL ) BB OT A0 K E C 2, Bk

DAL EEELLELTOTHESHLETH S, o3
D7 O ZEHEANEOME EMB LML T3
B, B 2L
L LD#i R oo, R OG5 & TS g & & 2

UL, BEITHIT Y 5 O MG IIRE T fiZ 8 A
N 2ON70 L 2 {HHTH LD, AL AIZL
SHIEN L H2 ob 2D X, QDL I L s 7
EE /A SR A I T T A SRl /N O N A AN

4., FH

B bt S RIIB A & U TR BYINHIPE D & i 2 bl 7Y

TV =7 LR A0240 0 KERGE X i E LT,
HmmbiUm]mNTmWIWPWTw@WM%MN

o R, HOGTEOBRLBIC L B0 T ALET B 0,

B AEM 2 O 2 BGE RO RN v TR L 72,
BeAD SIThILTy 285 4 £ L Mo sy, aoE
MHIZ AL, BN RO RIS & » T KR iiiE o § D ps
fFoiLdh, WK L » THAMBO T 22 L 55
JEICF AL 20 B, 75, B AIUEBERN L ST L
72 A I A g, IURUR TR LA
72 BRI L2 1 < toﬂili{/ﬁ‘{\ﬁi’/}& Tdh, ZiLs

IZRL T, EM LML, BEALLE7221,(2250T
FUE TGS+ 2 LTt L 13 <, SRty L e
WAL D, JoML 7o 2L, BRAi{paL R
CAL I HGE Y 2 I T AL TH Y, kR
FRILIZIEC TR UL Z DA RIES 1D TH
759 R

& E X W
1) K.Osakada, T.Kawasaki and K.Mori : Ann.CIRP,
30,135 (1981-1)

2) ipTERIE A B A MORHIFFEEE - WM 2 T, 22, 139
(1981-2)



KBRS S0 SEAE TR 8 70 Y Now 4, 1991

RitTE#

A A @@L L 7o EEEd (SKHL1L) o
7o — RN L B dn s

Diffusion Treatment by Glow Discharge Heating of
lon-Nitrided High Speed Tool (SKH51)
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Takwmi Sone Eiji Tunasawa

In the ion-nitriding treatment for tools and dies, an appropriate hardness distribution and
depth of the hardened layer are significantly dependent upon the conditions where those
engineering components are subjected.

In this study, an effective hardness distribution at the edges of cutting tools and dies was
predominantly discussed. A high speed tool steel was used as the test specimen. The specimens
were ion-nitrided in gas mixture of nitrogen and hydrogen. Subsequently a diffusion treatment
in the same chamber was carried out by using glow discharge heating in hydrogen or argon
gas. After the treatment, the microscopic structures and hardness of the specimens were
discussed. The following results were obtained.

The diffusion treatment mentioned above produces a gentle hardness gradient in the
specimens, which generally raises a high endurance life of cutting tools. It has moreover been
observed that the sputtering induced the glow discharge removes the compound laver and the
nitride precipitates in the grain boundary in the diffusion layer of the specimen, which cause
the chipping at the edges of cutting tools and dies.
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The Trial Production of Single Roll Unit for Rapid Solidification

[ VI Vg

Toshivieki Fujii

The rapid solidification lead to the metastable states in the metallic metals.

The rapid solidification process use viscosity ol melting metals in holding them at nozzles,

50 it applies to the high viscosity metals at liquid states. Therefore the low viscosity metals in

the liquid states cannot been applied to the rapid solidification process, because they pour out

from nozzles in heating.

In this study, a trial production for low viscosity melting metals has been conducted, and a

single roll unit has been produced in trial production of lead foil.

The ejection pressure of Ar gas were altered between 0.6 to 2.5kgf/am?, and the rotating speed

were altered between 205 to 35.6m/sec. The melting temperature was 370C. The lead foils could

be produced under some conditions. The grain size of rapid solidified leads was smaller than

air cooled. Thickness of lead foils were about 2/100 to 4/190mm.

And rapid solidified foil of Pb-Al could be produced. It contains precipitate particles of Al

in grains.

1. #&

ol

BOREMS L2 M L 22, $910°K seck) 1o
M TRAMIZGHT A e v, ZoT7 Al k)
MH D EEFETHLILL Z 0L o 23RN TR
LR BB 2 A 2 EATEDRY,

R E L X EEOFEORSE A FL BT
H, C B, Si2€Gai 2 s TMiiXnxd {h-
7K, Felk, NiJk, CokT#EMRINLTVS,
— RGN L SRR TR E Ly )
7 202 B G X B 2 X T, RO BRI
A KR ECWHET 2 22 TE S, ol - L TizAl
SitErHd, ZOEETIZRG L ISIZ PRIl
N L IR 1 R c P g ¢ | i) iy G BIP A1 AN S
HEEDMAILIT L) e & 535 5 (W EL 7027,

ZOZRGGHM AT ) ik E L Tidiio - ikt A
WThH MY, o — Ly 2ol L TR R T X
AHIE, MU ZTBIMATAL o nh s MEHZ S
ZHBNHNOEELHAXLINITBL TV 5,

Wo— 131 (a) ORIz RS0 L0,

» MBS wEH RS

SO T B T — L TR S A K S T S 2 2 T

HEAE W RBEAMNT L N Th L,

NAEC LU AMERE R

. Y

-— % J N
(D
—_—
o-1
(a) (b)

41 Ho—ngEtcns 7z
)
(h) 7 ZnEodik

Schematic illustration of single roll apparatus

Lol aasftknliio—nguzis e 7M1 (b)
DRz S itd iz ks Znidite L To
WH L2 1aTH Y, HREBIE OS5\ 13 Kl
Lk o THIEX LT D, L7z THLH U S D
WILES ZR T 284 - (I THE LT, 2
DREN I AKIEDBIA RIS & 7 ZLINIZRFFT 5 2 &
HIMEL W & T AT - 72,

2LIZHEMOENE AR T S 2 LESTIY



100

o LIl —74 s o Rz 45, T4h
HAMTEEMIT L) HrL R 1A 2 2 TS SN
DR, RO LR &) AL 72 ),
MO T TN TR L BB A NR— 2125 B &R

MR GHEEHL T
AHEI0ommEL, BeErainzi L,

VWb LT ED 2SN

TEHNDH G — LI by - o B T D 729512 0L
AWM, I EH 3T, 2 ALnHIESUS

SEFRAELCED DR T O, JAUE MR R 3047, A3NFARIZIT.L 22 L & WRIL 72 (MIRISmm,
P2 &0 MUK AT 5 4 K DR D BUN & 7 FhRZ22mm Tl 2 325mm), WA T om0 3mma 2 Y -
%, FaEANMGEIL Y L2, 2 oA s RO A

wrr E
[=
H
o-n 50
RAR7LTLHARA oy A
RE/IINLT
617 B
L
160 8: YaSHATy
HIF v I8 \ t: X7yv¥oy ¥
-9 c
l l o- I8
(a) (b)
[E A 8 X B ASARTOR - 31 E- 3
(a) 2k
(h) a—niqg
Schematic of the single roll unit
‘// ASARRPYLT
_g\ 1
s E1YY
L i35 RYIASAKAPYU TN
(ARE)3am, A EEmn)
43 7 Zrdk
Shape of the nozzle
TITINLDMEERET L 22 AEL, 5T WHEFD DI BEIEIZ e - T B, 4 o4l

WL 720 — U R e ) i i
ZORML 2EEE MO TPObRUPH Al e
TR AT L O, B OMRE R L 2o THS T
Z

VAN M g
TN,

KRERBRUERAZ

45'145&?{’#”}” U 72 2000 B 1M 6 00 o Gx TR B 1) 2 1] 2
(a) ioond, R\ E N, BRS¢ 00%
R, OV R WU D 72 h O ITE B, 053
AR O — L NN T IO E— 7 % B8 E L <
XS ILT w3,

Q= ULEDIE KK Z4 2 (b)Y 12m, a—n 3o

$VIEMEEE R, et b X 2 E 2 ARG

AP IR AMLE L B, P EORT )Y oy FE A
SHGEITE 5 THRINTOD, $4bhbxT Y 7ay
FOR, 4T3 IMLE filh & L TINBHE ML O Ry - 7
/AR W AR

SRl 2 EED , DRI ITTRT L9

A
0

2 L DEhE

W R

LS8y

J AN

14 4

Movement of the nozzle in the rapid solidification process









KBS 7 S H TR Cr B AT L No. 4. 1991

SRR IBRE

103

A Piezoelectric-drive Table and its Application to

Micro-grinding of Ceramic Materials
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Unsteady Thermal Stress Analysis in Three-Dimensional

Problems by means of the Thermoelastic Displacement
Potential and the Boundary Element Method
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