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Offik 2 fHEF—T—F&E

18k 2

®1 MIERNHE

KF—v—F

fx—v—

IF—D—

1) JEIE (rolling) ¥ 1)

JERRESE (plate rolling)

TARIEAE (sheet rolling, strip rolling)
277 v FIEE (clad rolling)

Bt/ HEAFESE (wire/bar rolling)
JEMIESE (section rolling, shape rolling)
TEHE (tube rolling)

P JELE (temper rolling), A > /3 (skin pass)

W AFLIELE (piercing rolling)

2) #&i& (forging) ¥ 1)

P ()8R E (closed die forging )

H H#&E (free forging)

PAZESEE (cored forging)
JEENINT. (coining)
FEARANT. (swaging)
=X —Rx—V )
~wT 47 (heading)
TJ?%LJ%MT (upsetting )
AR B> 7 (hobbing)

v —/L§idE (roll forging )
ZUR G (incremental forging )

7" (rotary swaging )

3) fHH L (extrusion)

AIJ7HRHI L (forward  extrusion)

#%J7HRH L (backward extrusion )
#KEFIH L (hydrostatic extrusion)

H T AT L (glass lubricant extrusion)
AT L (combined extrusion)

T H L (continuous extrusion)

27 4 — A L (conform extrusion)
7 A hu—Y 7k (extrolling)

4) 5|4 = (drawing)

fiifi (wire drawing)
#3513k % (tube drawing)
0 —7 — 4 A A3 % (roller die drawing)

5) WA EHE (sheet metal forming)

YKL Y (deep drawing)

L 2 (ironing)

HKIERIE (hydraulic forming)

= 2R (rubber-pat forming)

SI8RAE (tensile forming)
dRHi L (stretch forming )

VY EGE (bulge forming)
77 VR (flanging)

4//)%/&/u7¢—;\/
Ky NRAZ T

2" (incremental forming)
" (hot stamping)

TS

FHZ Y (redrawing )
% Ef% Y (multi-stage drawing)

it

WKV (reverse drawing)

Kt E RO (hydro counter pressure forming)
A RFr 74— 7 (hydroforming) & 2)
&' — 1 1% (Guerin process)

~—7 2‘—1—\‘(,& (Marform process)

A KL F T (stretching)

T R AMNT. (embossing )
Y7 Z Y EJE (stretch flanging)

M7 = \/“/“EJE?FZ (shrink flanging)
/X—1 > 7 (burring)

6) #hiF (bending)

HUdliF (die bending)

v — L iliiF (roll bending)
Prihis (folding)

S18%Hh S (stretch bending)

i AL (in-plane bending)

7) HAMIINT. (shearing)

FTH& - & F (blanking - punching or piercing)

LIl (cut off)

v = — BV 7 (shaving)

FEFFTH X (fine blanking )

ft B HZx  (finish blanking)
TR (reciprocating blanking )
=7V (nibbling)

VA= A=y (cropping)

2 w7 47 (slitting)

FY X7 (trimming)

v ) 7" (shearing)

8) 1 —/LkJE (roll forming) & 1)

9) Fa2—7 74— (tube forming)

JEE (expanding)
7Ly 7 (bulging)
H#& Y B (nosing)
ARG A (flaring)
SRR T (inverting)
J1—1 7 (curling)

Fa—TINA FrT7 5=
(tube hydroforming) ¥ 2)

2009.7.28 &£ 1F



18k 2

10) [El#i=0T. (rotary forming)

fizid (form rolling )

smaAxr—Y 7 (cross rolling)
V7 a—Y 7 (ring rolling)
~YAnm—1Y 7 (helical rolling)
[ElfiE%EE (rotary rolling)

AE =7 (spinning)

11) R - IE
(finishing - shape correction)

va vy hE—=17 (shot peening)
/=327 (burnishing)

XU UAL B (barrel finishing)

v —/Lft B (surface rolling )

7o 5 LA (flattening)

HE (straightening)

LY 7 (leveling)

YA (sizing)

n—% J—2A kL— ~J— (rotary straightener)
72— 7 — L7 — (roller leveler)
T v a v X7 — (tension leveler)

12) &= L — AN T
(high-energy-rate forming)

TBEFERIY (explosive forming)
BRGAIE (electromagnetic forming)
J4FERIE (electrohydraulic forming)

13) #4 (joining)

[EfA$A (solid-phase joining )
M4 (structural joining)
EEEEBRPHE A/ FSW (friction stir welding)
~A 7 a#fA (micro bonding)

TREE « A 5 BE(welding - brazing)

14) 7' F AF v 7 i
(polymer forming)

FHHAIE (injection molding) 7 1)

7 u—J§J% (blow molding)
FEAH (stretching)
EARIE (thermo forming )

Z I3 — 3 v (HE)EE (lamination)
J v AR (calendaring)

FEIAR Y (foaming)

¥ AREIE (powder molding)

hZ v A7 7 —pE (transfer molding)
AR (compression molding)

Ny KA T v 7 (hand lay-up method)
AT VAT w7k (spray-up method)

#A— k27 L—7 ¥ (autoclave molding)
~ v F RZA FIEIE (matched die method)
T4 T A RNIA T 47 (filament winding)
AB TR (stamping molding)

RIM (resin injection molding)
RTM (resin transfer molding)

I (pressure forming)

£
ELZ8RE % (vacuum forming)

e
7
e
g

15) By R (B R)RRIE, B LA TR
(powder forming /consolidation)

JERE (sintering)

iR EAE (hot pressing )

S JFE T L A (isostatic pressing)
¥YAREIE (powder rolling)

RS (powder forging)

PEARIE (slary casting )

JtiE (Stereolithography, laserlithography)

16) VAL H-EEEN T
(mushy-state /
semi-solid processing )

WifEsk % (continuous casting)
[EHZEAE (direct rolling)

TR (squeeze casting)
IR F A ML (compocasting )

L A% v A bk (rheocasting)
HeVAMEIE (mushy-state rolling )
HYRAhETE (mushy-state forging )
HYAREPTH L (mushy-state extrusion )
HYRAEE (mushy-state bonding )

1) 7/ ~~A47a7 5= 7

(nano/ micro forming)

18) HM L7 & A
(new forming process)

L—H 7 4 —3 7 (laser forming)
KO HIIT. (severe plastic deformation process)

ARB (accumulative roll bonding)

ECAP,/ECAE (equal channel angular pressing/ extrusion)

FSP (friction stir processing)
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x2 EREIMBSE

KF—v—F

fx—v—

M- —

1) M ERAER (material testing )

518 (tension test)
[EAE#BR (compression test)
7L bR (torsion test)

Hi 3R (bend test)
IR (formability test)

7 U — 7Bk (creep test)

57k (fatigue test)
FEEABREEFERER (friction test/ wear test)
fifi 3R (hardness test)

R (impact test)

FenakbR (life test)

g Laklik (stretch forming test/ bulging test)
a=JyvJ1 v 7R (conical cup test)

x Y 73R (Erichsen test)

YRAZ Y 3R (deep drawing test)

SR #BR (bore expanding test)

PR (tube expanding test )

2) KEEERG (basic theory)

VEREGR (plasticity theory)

YAVEBLG (elasto-plasticity theory)
HEBRYAPERRRS (elasto-visco-plasticity theory)
FEMERZEEBEER (ductile fracture theory)

A YEPERERE (crystal plasticity theory)

TR 723K (constitutive equaqtion)
Btk 2 (yield criterion)

FEVERG 50 (criteria for ductile fracture)

3) Kl FER I al—a v
(numerical/experimental analysis)

A Z 7Y (slab method)

T x/LX{E (energy method)

F Y BIGIE (slip line field method)
5% (upper bound method )

F 5% (lower bound method )

H FREEFE %, FEM (finite element method)

A w27 Y —ik (meshfree method)

R 431,/ FDM (finite difference method)
iR 323475,/ BEM (boundary element method)
¥1% (grid method)

£ VEER (model simulation)

HYANE FEM (elastic-plastic FEM)

i)l ¥8 = FEM (rigid-plastic FEM)

HURE¥AME FEM (elasto-visco-plastic FEM)
TV A N7 Y —=HT—F 0k EFGM
(element free Galerkin method)

Wi (particle method)

4) #kF (material)

8R4 8} (ferrous metal)

FE§IZ 4K} (non-ferrous metal)

AR LAY (intermetallics)
7 I v 7 & (ceramics)
TTAF w7 - @sr T E plastic + polymer)

WAKEE (composite material)

7T A - EELEREL (glass - amorphous)
ARHF + HE (wood - paper)

TEARHEHES L (functional gradient material)
7 7 v R#f (clad material)

FFEM (new material)

MEHR T (material design) )

i (steel)

AT v LA (stainless steel)
8l (copper)

~ 7% /%7 2 (magnesium)
TV =7 A (aluminum)
F 4 - (titanium)

TV =T YT T AF v (engineering plastics)
{77 AF w7 (reinforced plastics)

42J& 7 A (bulk metallic glasses)

5) 0 TCAFME (forming property)

5% ) (deformation behavior )
£ 2% (loading behavior)
PEHEEE (material property )
JNTHE (workability)

FEEE (accuracy)
F%RAIG )7 (residual stress)

EARGT, TiBIS /) (deformation resistance/ flow stress)
BHEITE BYHY 4G A

(dynamic recovery/ dynamic recrystallization)

ABEBYE (superplasticity)

LA (texture)

fEdL AL (crystallite orientation)

WA (microstructure)

RO T)BR AR (forming limit diagram or FLD)

7 v 74— Nl rfi (Lankford value)

AT 7Ny 7 (springback)
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6) h 7 A AR T— (tribology)

¥ (lubrication)
& (friction)

FEFE (wear)
Fififl_EF (surface finishing)

Al (lubricant)
#E45 (adhesion)
Bef & (seizure)

KA X (surface roughness)

7) LE /% (tool/die)

TR /R (tool/ die design)

T EAHE (tool material)
FIEMLEE (surface treatment)

CAD/CAM/CAE
CAT (computer aided testing)

PVD (physical vapor deposition)
CVD (chemical vapor deposition)

DLC (diamond like carbon)

8

=

FHl (measurement)

FEARMIE (profile measurement)
OV ABIE  (strain measurement)
& JTIAE  (stress measurement)
IRFEEMIE (temperature measurement)

& (sensor)

9) N TH# (forming machine)

7L AH%#H& (press machine)
SEEREK (forging machine)
#H L7 L & (extrusion press)
514k & Hhk (drawing machine)
JESERE (rolling mill)

H$—R 7 L2 (servo press)

10) A pE S A7 A (production system)

il & 2 7 2 (control system)

AEPEINT.> A7 & (manufacturing system)

TFE% AT (process design)
HBEREML (intelligent machine)

7 7 F 2 — & — (actuator)

Al (artificial intelligence)

F— % ~_— 2 (database)

THR/RX— R AT A (expert system)
CIM (computer integrated manufacturing)
FMS (flexible manufacturing system)

LD BB, INTIREHEEEE L L TRV TR

H2) " Fe7r—3Iv

NA R T =2 PRI BRE L7z % — U — FTIE2Ru,

(f51: metal injection molding, cold forging, hot forging, cold roll forming, hot rolling)
7, MTEZBE R, 9T 2 —7 7+ —I v 7 OWgE RV b, [F—E0FRE AT 2 72D ARGREER TIEXR] L7223,
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O ik 3 EFRESR (SD

3.1 SI Bifu
[ B2 H47 (Systéme International d'Unités % 7= 1%
International System of Units) (& 1960 4|2 [E B
EfRE TERIRS L. BBFRIT SI TH 5. SI
BN EEARRAL, MBY AL, AN B TR S
o, EARBEMFROTETHD.

SI EREAL

ey AR ks
& S A— kb m
= = ER =R/ N kg
15 fH b S
7 i T LT A
B R ILE K
Y B &= i mol
i E BT cd

3.2 SIHZKBEMBLIUREEDOENA

(1) BfuGRsSnEEA

(@) HWALRL B A2 FIRIT 23581%, BEAE (r—~ )
Xyl L, BEEEAOTRKIESS (B ) 4 )
AT 7.

HNL O B EA 470 HEN TN D
AL, B 1 EBFHOXLTE T2 RKLTE Lt
FTRTUNLFET 5.

Bl:m A—Fk s i
A 77 Wb 7xz—nN

(b) FHSLENLS DLl DAL OFE TRk S 5 45

AITRONT O FIETEL.
N-m Nm

¥, BEEHREORL S LRl OHAREE S Z Hv
HEEIE, BlZIE, MV OO =2 — |k
VA= FUEI Y =2— b mN & DiR[E %k
FTNm EZIZ Nmo X HicEL.

() FASTHNL S —-D D HENT ZAth D BN Thi L CHERK
SHBHAITIE, BT Fedms b LT
méstTofcemstokoicEL.

78, BHERGAITITADO R E LG EITFEN
ZHWS.

Bl - Wi(m-K), Wm™K™1, w(m-K)™?
7272 LIEHIZIE mis, WIm-K)& s 2 & i

T&E7eWw (5.5 %M.

(2) BEHREOMEWS

10 OEEE 2 R T BEETEE RO S ON
H5 .

10712 = p 102 ~Z b+ h
107° F n 108 ¥k
1006 =127 p 100 * 4 M
1078 Y m 10° ¥4 G
1072 &> F ¢ 10277 T

() BEEGEORFIL, T <HRICMT ORI HALRL S

=Kz oTmb D E LTH ).
Bl : 1cm3=(10"2m)3=10"%m3
1ps~1=(1078s) ~1=106s71
1mm?2-s71=(1073m)2-s71=10"6 m2-s71
(b) Ak L7 HEEEREI T W Tk e b 22w, Bz
mum TiE72 < nm (F/ A— kL) ZHNW5.
(c) #EEHREIE, JHIE LCTH2Y 0.1 & 1000 DS
AD I IITIES.
il : 1.2x10*N 1 12kN & E<
0.00394m % 3.94mm & E<
1401Pa % 1.401kPa & £ <

3.1x1078s | % 31ns & #E<

3.3 H{LEROERE
(1) ZEMEE & UEFMHE

SI HAZ oo (S| Hifz & F
& SIHfL | BFREOH L TRn i
JEIR XA
Fifif rad ° (FE)  |1°=(n/180)rad
(27| mad | (%)) 1'=(1/60)°
prad " (B) 1"=(1/60)'
VAN sr
(AT
7))
k & km 1 ¥ H.=1852m
m 1A* (7]“/77 ]\ =
(A=) =)
=10"1m
cm
=0.1nm
mm
um
nm
[TTI km? ha (~2 Z—/L) %
m2 5D R AT
cm? 1ha=10%m?
mm?2 a (7 — /)45 0
HiGaEm
1a=102m?
B m3 ki 1ml=10-6m3
& M emd I M) 23 & RF S
mmd (U v b |BBEANRS DL
ml L) ZHvThu.




LS| ks d (H) |#, A, #Loff
s (7)) h (Fp) |OHEAb—HI A
min (43)| 2
1d=24h
ms
1h=60min
us .
1min=60s
ns
£ rad/s
W GEX | mis kmh |1 /> h=1852m/h
TR EE m/s?
* (& ST 5 HAL
(2) RBHREELIUE
SI B0 S| L &
& SI BT | FEEEEO | SR LT i
R | LVEAL
JE B THz 1Hz=1s"1
IRE GHz
MHz
kHz
Hz
(~)
[El#s% st min~t |E4E5 (rpm E720
(Gl rimin) b AW 5T
X) W5
[N Pa
H L mPa
uPa
¥ m
mm
J& s
ms
us
@R H #F
SI Lo | SI Hfir &
& SI BNy | BEEHEED | PR L T i+
B | JVHZ
g & Mg t (hY) | 1t=10%g
B 7 wide*
kg (¢ b D EEE SR
77 5) g mass%z %
mg
Hg
WEE | kg/m 1tex=10"6kg/m,
mg/m T 7 ALTHE T
ETHWD
% ¥ Mg/m3 | t/m3
R’ OE kg/m3 kg/l
glemd g/ml
g/l

TEHEE | kg-m/s
TEHEEO | kg-ms
TR
L, fAiE
e
BT —| kg-m?
Ak
7] MN 1N=1kg- m/s2
kN 1kgf*=9.80665N
N <: o
k)
mN
UN
JIDE— MN-m 1kgf-m*
A b kN-m =9.80665N-m
N-m
mN-m
UN-m
£ 7 GPa bar (#X |1Pa=1N/m?
MPa —/V)  |lbar=10%Pa
kPa mbar latm*
N pbar =0.101325MPa
Pa (752 1Torr*=133.32Pa
V)
mPa
uPa
s GPa 1Pa=1N/m?
MPa 1kgf/mm?2*
N/mm2 =9.80665MPa
kPa
Pa
N/m?
5 | Pas P(RT RX)iT%45r D
mPa-s A w]
1cP=1mPa-s
TEE | ms St(A b —27 R) %
1cSt=1mm?/s
FEES | N/m 1dyn/cm*
mN/m =1073N/m=1mN/m
T R LF TJ GeV 1J=1N'm
ﬂ GJ MeV  |1cal*=4.18605]
= MJ keV  |lkgFm*
# & kJ eV(ET [=9.80665J
e FAR) |lerg*=10"7J
I(a— W-h |1leV=1.6021892x
%) ; 10-19)
m 1kW-h=3.6x 105
AR RS GW 1W=1J/s=1V-A
(T2, 7] MW
77 KW
W
(Vv 1)
mw

uw




BEFiE| kols kg/min
kg/h
t/s
t/min
t/h
B md/s m3/min
m3/h
I/s
I/min
I/h
* (& ST 5 HAL
4) B
SI Lo | SI AL &
& S| Bifiz | SREEED | R LT i+
IR | JOHSL
ke K TK=¢"C+273.15
RE  |(reY)
trvulc (Bry
AR | T AR
IR EERTRR K
mK
°C
IR K-1 Kombviz’C #H
EY8 WTH I
E R) HFOZRLX
—OHZM
B i kw
W
AR | W/(m- K) Ko»rbviz*c #H
WTH I
1cal/(cm-sec-° C)*
=0.4184kJ/(s'm- K)
BMEEE | WI(m?2-K) Kombviz’C #H
EY8 WTH I
BN KJIK Kombviz’C #H
K WTHEW
AR kl/(kg- K) KDo»bviz*Cc %M
HERVE B J31(kg- K) WTH R
1cal/(g-° C)*
=4.184kJ/(kg: K)
B =] kK K O»bviz’cz=H
B— K WTH LW
1cal/° C *=4.184J/K
[ ki/(kg- K) K Oirb 0z C %
o E— Y(kg-K) WTH I
BT
heb—
FEPER MJ/kg
FF — kg

Jkg

B B MJ/kg
kd/kg
Jkg
* fi & ST 5 HAL
6) BESLUHE
SI HALO| SI AL &
& | sy |BEEGEO| fALT fifi =
JRIN | LVWEANL
EEAR kA
A
(7 > ~=7)
mA
HA
nA
e MA/m?
Alcm?
kA/m?
Alm?2
E O kC A-h 1C=1A's
c 1A-h=3.6kC
(7 —wr )
uc
nC
CANLS MV
A% kv
IS4
gﬂ_j‘; v 1V=1J/(A-s)
e (B R)
mV
uv
EROMB kV/m X
= [
Vimm
Vicm
Vim
mV/m
uV/m
@é’;‘?\‘}&ﬁ GQ 1Q=1V/A
S B — MQ
B A kQ
VTro s
VA Q
(F—2)
mQ
HQ
HEHR kQ-m
Q'm
mQ-m
HQ-m
aLvyy kS
757}:/\;;? S 1S=1A/V
\/;\ (V—Av| mS
yers| M hs
A




MR8 | Clkg R(L> M7 u)ix
uClkg 5y DR AT
nClkg 1R=2.58x10"4C/kg

WK E | Gy 1Gy=1J/kg

(Z'vA) rad(Z R)ix450
f ek L AT
1rad=10"2)/kg
TS RE MBq 1Bg=1s"1
kBg Ci(F = U —)ixy
>N B AdE FH AT
K cd
(h>T77)
R Im 1Im=1cd-sr
(r—2)
E Ix 1Ix=1Im/m?
ro R)

ELERS MS/m
kS/m
S/m
MR F 1F=1CIV
TV (T7 T F)
B A
mF
uF
nF
pF
s F/m
UF/m
nF/m
pF/m
R Wb 1Wb=1V-s
(7 =—x) 1Mx*=10"8Wb
mWh
BREE| T 1T=1Wh/m?
WRFHE| (TAF) 1G*=10"4T
mT
uT
nT
HoA>| H 1H=1Wb/A
A
FEHA mH
VN pH
A nH
IN—3T pH
VA
75 H/m lemu*=4m-10~"H/m
uH/m
nH/m
EIR (3) hF#o=x ¥
— DS
SNV (3) ¥ oftFERED
il 2

(6) HELFZDM

* i & &0 5 HAL

SI L0 | SI AL &
oy S| Bifiz | HEEHEEO | ff LT i+
BR[| JVEAL
Yy & kmol
mol
(&)
mmol
B2 -3i 5 kmol/m3 | mol/l
mol/m3
E/Lx [ J/(mol-K)
ot —
JEEARE| m2s

3.4 FOMOFEDLELRBEL
(1) #HE - REATRICEAT S/ 54—4228
OBMPELHE - Ra [1H : POFEHH S 2D

DIER

ORI E : Ra75

OKESHE : Rz
O+ SO X ¢ R2JIS

HIlER]

[IF : Ra]
[IE : Rmax, Ry]
[IH: Rz, 1SO &%

FRE max TS CLLROR L — L O 4
FRE LTS,

(2) =iLER

BIEUE TIE, Wl e oo X 2 R R B RMER
XF s FHATRRLT D, NI A—FOEE T
RLTaRON AN T - RHATHREE T 5. mKfEV

— /LD A & 7~ i 5" max

LD,
(3) X

AN ESLRTR

O7 Vxuigs (IS Z 2243(2008))
« 7 U RUEE X [HBWS/750
[ERIE T- D EA(mm)/
Onr v 7=Vl (JIS Z 2245(2005))
w7y xVEX /HRC [C R4 —/1]
-1y 7 x/UEE [HRBW

[B A7 — v CHEA4ER 21 ]

Ot v h—AfE (JIS Z 2244(2009))

s B h—AE HV30 [FB& 7 294.2N]

2Bk /) 7.355kN DJIE]



Oftk4 RDEZH
4,1 XF-BBEOKEE, BOKXS

1)
()

3)

(4)

LFEFRESE2mm U EL L, 525 (O, @
A, ARE) IREZEZ1IMmBEE LTS,
X D FEAE SRR, SRR KOV — & 2R TR
DOKRKET0.2mm REE L, KFomELR, 5l
HRTEN L0 B 5.

dsats U/l o OFHh ¢ BETRE), &
Bois Gy z72E) 142V v 7 (RHUEK)
XFE L, ZNLUSDOLT, EITESA L
THZENEE L. 277, AR S (N,
MPa 72 &) 1o —<> (IK) 123 5.
FIFHIE L CTRAIO LTI LT E L,
/N CF L35,

4.2 RmEOH

Yield stress o /MPa

120

100 |

80 r

60

40 r

20

w
Material A

Temperature 7=298K
0.1 1 10

Strainrate & /s7!

X D]

100



O Tk 5a HMIEHDKREH (M- CHREFREAEER SN TLINREMDETE L UHES)

FSCHERE
MR x i Bl

=180k J. High Press. Inst. Jpn.

757 Imono (J. Jpn. Foundarym. Soc.)
NKK £ NKK Tech. Rev.

b7 Lo am sk Kagaku Kogaku Ronbunshu
HUEEAfT Die & Mould Technol.

)W Lk B Kawasaki Steel Giho

FEIR DT FE Sci. Mach.

BEAREL T Mech. Eng.

&8 Met. Technol. (Jpn.)

& B IR AN J. Met. Finish. Soc. Jpn.

BReR J. Jpn. Inst. Light Met.

A B B g SR Trans. Soc. Instrum. Control Eng.
R&D 1= Sl ik Kobe Steel Eng. Rep.

P J. Soc. Mater. Sci., Jpn.

FRHEL T J. Mater. Sci. Soc. Jpn.
RERER T J. Mater. Test. Res. Assoc. Jpn.
MEFL BREE Zairyo-to-Kankyo

MEHE 7 et A CAMP-ISIJ

LR ZhES TS Trans. Soc. Automot. Eng.

JFE Bk JFE Tech. Rep.

B H Sk Nippon Steel Tech. Rep.

A S EAHHR Nippon Steel & Sumitomo Met. Tech. Rep.
& B The Sumitomo Search Pap.
AR B ER Sumitomo Light Met. Tech. Rep.
el i1 J. Jpn. Soc. Technol. Plast.

&k & il Tetsu-to-Hagané

e TS Trans. Inst. Electr. Eng. Jpn.
A Denki Seiko (Electr. Furn. Steel)
IR T SRS Trans. Inst. Electron. Commun. Eng. Jpn.
FZARTYA N (HEB) J. Jpn. Soc. Tribol. (J. Jpn. Soc. Lubr. Eng.)
H AL 256 Nippon Kagaku Kaishi

H AR 7 i S Trans. Jpn. Soc. Mech. Eng.

H A e 8 F ek J. Jpn. Inst. Met.

H AR BHR B x5 J. Jpn. Soc. Fract. Strength Mater.
AARAT L AR Nippon Stainless Tech. Rep.

A ARG SR RS J. Jpn. Soc. Comps. Mater.
Bt Netsu Shori (J. Jpn. Soc. Heat Treat.)
FHerriE i A J. Jpn. Soc. Non-Destr. Insp.
KinFT J. Surf. Sci. Soc. Jpn.

Sz bie Bull. Iron Steel Inst. Jpn.

A S Tin Press Working
Frkds L ORIR4E J. Jpn. Soc. Powder Powder Metall.
iR Tt J. Soc. Powder Technol. (Jpn.)
FTVH (HRGEFESW) Materia Jpn. (Bull. Jpn. Inst. Met.)
— 2R R Mitsubishi Steel Manuf. Tech. Rev.
ety aim Q. J. Jpn. Weld. Soc.
N e J. Jpn. Weld. Soc.
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Acta Mechanica

Acta Materialia (Acta Metallurgica et Materialia, 1995,
Acta Metallurgica, 1989)

Advanced Technology of Plasticity (Proceedings of
the —th International Conference on —th Technology of Plasticity)

AIAA Journal

American Journal of Mathematics

American Machinist

Applied Mathematical Modelling

Avrchive of Applied Mechanics (Ingenieur-Archiv, 1990)

Avrchives of Mechanics

Assembly Engineering

Bulletin des Schweizerischen Elektrotechnischen Vereins

C.L.R.P. annals... manufacturing technology

Computer Methods in Applied Mechanics and Engineering

Computers and Structures

Design Engineering (Production Engineering, 1979)

Engineering Structures

Experimental Techniques (Experimental Mechanics, 1975)

Fabrik (Fertigungstechnik und Betrieb, 1992)

Industrial Diamond Review (1962)

Industrial Heating

Industrie- Anzeiger

International Journal of Engineering Science

International Journal of Fracture (Mechanics)

International Journal of Machine Tools & Manufacture, Design,
Research and Application

International Journal of Mechanical Sciences

International Journal of Non-Linear Mechanics

International Journal for Numerical Methods in Engineering

International Journal of Plasticity

International Journal of Powder Metallurgy and Powder
Technology (1985)

International Journal of Solids and Structures

Iron and Steel Engineer

Iron and Steel International (1985)

ISIJ International (Transactions of the Iron and Steel Institute
of Japan, 1988)

Journal de Mécanique Théorique et Appliquée

Journal of Advanced Mechanical Design, Systems and

Manufacturing

Journal of American Ceramics Society

Journal of Applied Mathematics and Mechanics

Journal of Applied Physics

Journal of Applied Polymer Science

Journal of Computational Science and Technology

Acta Mech.
Acta Mater. (Acta Metall. Mater., Acta Metall.)

Adv. Technol. Plast. (Proc. —th ICTP,
Proc. —th Int. Conf. Technol. Plast.)

AlAAJ.

Am. J. Math.

Am. Mach.

Appl. Math. Model.

Arch. Appl. Mech. (Ing. -Arch.)

Arch. Mech.

Assem. Eng.

Bull. Schweiz. Elektrotech. Ver.

CIRP Ann.

Comput. Methods Appl. Mech. Eng.

Comput. Struct.

Des. Eng. (Prod. Eng.)

Eng. Struct.

Exp. Tech. (Exp. Mech.)

Fabr. (Fert. tech. Betr)

Ind. Diam. Rev.

Ind. Heat.

Ind- Anz.

Int. J. Eng. Sci.

Int. J. Fract. (Mech.)

Int. J. Mach. Tools Manuf. Des. Res. Appl.

Int. J. Mech. Sci.

Int. J. Non-Linear Mech.

Int. J. Numer. Methods Eng.

Int. J. Plasticity

Int. J. Powder Metall. Powder Technol.

Int. J. Solids Struct.
Iron Steel Eng.

Iron Steel Int.

ISWJ Int. (Trans. IS1J)

J. Méc. Théor. Appl.
J. Adv. Mech. Des. Syst. Manuf.

J. Am. Ceram. Soc.

J. Appl. Math. Mech.

J. Appl. Phys.

J. Appl. Polym. Sci.

J. Comput. Sci.Technol.
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Journal of Materials Engineering and Performance
(Journal of Applied Metalworking, 1987)

Journal of Materials Processing Technology (Journal of
Mechanical Working Technology)

Journal of Materials Science

Journal of the Minerals, Metals & Materials Society
(Journal of Metals, 1988)

Journal of Nanoengineering and Nanosystem
(Proceedings of the Institution of Mechanical Engineers, Part N)

Journal of Physics, Part A

Journal of Polymer Science, Part A, Polymer Chemistry
(Journal of Polymer Science, Polymer Chemistry Edition, 1986)

Journal of Solid Mechanics and Materials Engineering

Journal of Strain Analysis for Engineering Design

Ironmaking and Steelmaking (Journal of the Iron and
Steel Institute, 1973)

Journal of the Korean Institute of Metals

Journal of the Mechanics and Physics of Solids

Journal of Thermal Stresses

JSME International Journal (Bulletin of the JSME)

Key Engineering Materials

Light Metal Age

Lubrication Engineering

Machinery and Production Engineering

Manufacturing Technology Review

Materials Engineering

Materials Science & Engineering Series A

Materials Science & Technology (Metal Science, 1984)
(Metals Technology, 1984)

Matériaux et Techniques

Materials Transactions (Materials Transactions, JIM, 2000)

Meécanique Industrielle et Matériaux (Mécanique Matériaux
Electricité, 1993)

Mechanical Engineering

Metallurgia (Metal Forming, 1971) (Metallurgia and Metal
Forming, 1977)

Metal Progress

Metal Science Journal

Metallurgical and Materials Transactions A (Metallurgical
Transactions, A, 1993, Transactions of American Society
for Metals)

Metalworking Production

Modern Metals

Nuclear Engineering and Design/Fusion (Nuclear Engineering
and Design, 1983)

Philosophical Magazine Series A

Powder Metallurgy

Powder Metallurgy International

Proceedings of International Deep Drawing Research Group

J. Mater. Eng. Perform.

(J. Appl. Metalwork.)

J. Mater. Process. Technol. (J. Mech. Work.
Technol.)

J. Mater. Sci.

J. Minerals, Met. Mat. Society (JOM)

J. Nanoeng. Nanosyst. (Proc. Inst. Mech.
Eng., Part N)

J. Phys., Part A

J. Polym. Sci., Polym. Chem. Ed.

J. Solid Mech. Mater. Eng.
J. Strain Anal. Eng. Des.
Ironmak. Steelmak. (J. Iron Steel Inst.)

J. Korean Inst. Met.

J. Mech. Phys. Solids

J. Therm. Stresses

JSME Int. J. (Bull. JSME)
Key Eng. Mater.

Light Met. Age

Lubr. Eng.

Mach. Prod. Eng.

Manuf. Technol. Rev.
Mater. Eng.

Mater. Sci. Eng. Ser. A
Mater. Sci. Technol. (Met. Sci.) (Met. Technol.)

Matér. Tech.
Mater. Trans. (Mater. Trans. JIM )
Méc. Ind. Matér. (Méc. Matér. Elect.)

Mech. Eng.
Metallurgia (Met. Form.) (Metall. Met. Form.)

Met. Prog.
Met. Sci. J.
Metall. Mater. Trans. A
(Metall. Trans. A, Trans. Am. Soc. Met.)

Metalwork. Prod.
Mod. Met.
Nucl. Eng. Des./Fusion (Nucl. Eng. Des.)

Philos. Mag. Ser. A

Powder Metall.

Powder Metall. Int.

Proc. IDDRG, (Proc. Int. Deep Draw. Res.
Group)
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Proceedings of Numerical Simulation of Sheet Metal

Forming Processes
Proceedings of —th Asia- Pacific Symposium on Engineering

Plasticity and Its Applications
Proceedings of the -th International Conference on

Production Engineering
Proceedings of the -th International Machine Tool Design

and Research Conference
Proceedings of the American Society for Testing and

Materials
Proceedings of the Institution of Mechanical Engineers,

Part C (Journal of Mechanical Engineering Science, 1982)
Proceedings of the Royal Society of London, Series A
Progress in Colloid & Polymer Science (Colloid and

Polymer Science, 1975)

S.A.E Transactions

Scripta Materialia (Scripta Metallurgica et Materialia, 1995)
Sheet Metal Industries

Stahl und Eisen

Steel Research

Steel in Translation (Steel in the USSR, 1992)

Technische Mitteilungen Krupp. Forschungsberichte

(Tool & Production) Tooling & Production
Transactions of the Society of Mining Engineers of A.LLM.E.

(Transaction of American Institute of Mining and

Metallurgical Engineers, 1955)

Transactions of the American Society of Mechanical Engineers
Journal of Applied Mechanics (Series E)
Journal of Engineering Materials and Technology (Series H)
Journal of Manufacturing Science and Engineering

(Journal of Engineering for Industry (Series B), 1996)

Journal of Nanotechnology in Engineering and Medicine
Journal of Pressure Vessel Technology (Series J)
Journal of Tribology (Series F)

Tribology International

Tribology Transactions (ASLE Transactions)

VDI Berichte

Werkstatt und Betrieb

Wire Industry

Wire Journal International (Wire Journal, 1981)

Zeitschrift des Vereines Deutscher Ingenieure

Zeitschrift fir Angewandte Mathematik und Mechanik

Zeitschrift fir Angewandte Mathematik und Physik

Zeitschrift fur Metallkunde

Zeitschrift fur Werkstofftechnik

Zeitschrift fur Wirtschaftliche Fertigung und Automatisierung

Proc. NUMISHEET, Proc. Numer. Simul.
Sheet Met. From. Process.

Proc. —th Asia — Pac. Symp. Eng. Plast.
Appl. (AEPA)

Proc. -th ICPE (Proc. —th Int. Conf. Prod.
Eng.)

Proc. -th MTDR Conf. (Proc. —th Int. Mach.
Tool. Des. Res. Conf.)

Proc. ASTM (Proc. Am. Soc. Test. Mater.)

Proc. Inst. Mech. Eng., Part C (J. Mech.
Eng. Sci.)

Proc. R. Soc. Lond., Ser. A

Prog. Colloid Polym. Sci. (Colloid Polym.
Sci.)

SAE Trans.

Scr. Mater. (Scr. Metall. Mater.)

Sheet Met. Ind.

Stahl Eisen

Steel Res.

Steel Trans. (Steel USSR)

Tech. Mitt. Krupp. Forsch. Ber. (Tool

Prod.) Tool. & Prod.

Trans. Soc. Min. Eng. AIME (Trans. Am.
Inst. Min. Metall. Eng.)

Trans. Am. Soc. Mech. Eng.

Trans. ASME, J. Appl. Mech.

Trans. ASME, J. Eng. Mater. Technol.

Trans. ASME, J. Manuf. Sci. Eng.
(Trans. ASME, J. Eng. Ind.)

Trans. ASME, J. Nanotechnol. Eng. Med.

Trans. ASME. J. Press. Vessel Technol.

Trans. ASME, J. Tribol.

Tribol. Int.

Tribol. Trans. (ASLE Trans.)

VDI Ber.

Werkstatt Betr.

Wire Ind.

Wire J. Int. (Wire J.)

Z. \fer. Dtsch. Ing.

Z. Angew. Math. Mech.

Z. Angew. Math. Phys.

Z. Metallkunde

Z. Werkst. tech.

Z. Wirtsch. Fert. Autom.

List of Title Word Abbreviations (LTWA on-line http://www.issn.org/ ) & v 1Bk
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Word Abbr. Lang. mitteilung mitt. ger

A advance- adv. eng model- model. lav, pol, eng
america- am. fre, eng modern- mod. hrv,spa, lat,hun,fre,eng
angewandt-  angew. ger N nuclear- nucl. eng, fre
applied appl. eng numeri- numer. eng, fre
archiv- arch. mul P pacific pac. eng
assembl- assem. Fre performance perform.  fre, eng
automat- autom. mul philosoph- philos. mul

B berichten ber. ger physic- phys. mul
bulletin- bull. mul plasti- plast. mul

C cerami- ceram. fre, eng polymer- polym. eng, fre
colloid n.a eng powder n.a eng
comput- comput.  eng, fre pressure press. eng
conferen- conf. fre, eng proceedings  proc. eng

D design- des. fre, eng process- process. ita, eng
deutsche- dtsch. ger produc- prod. fre, eng
diamond diam. eng progress prog. fre, eng
draw- draw. eng R research- res. eng

E engineer- eng. eng review rev. eng
experiment-  exp. fre, eng royal- r. fre

F fertigung fert. ger S scienc- SCi. fre, eng
forming form. eng scripta scr. lat
forsche- forsch. ger series ser. eng
forschung forsch. ger sheet n.a. eng
fractur- fract. fre, eng simulation simul. eng, fre
fusion n.a eng societ- SoC. fre, eng

G group n.a. eng solid n.a. eng

H heating heat. eng structur- struct. fre, eng

I industr- ind. mul Ssympos- symp. mul
institute inst. eng system- Syst. fre, eng
internation- int. fre, eng T techni- tech. mul

J Japan- Jpn. eng technolog- technol.  mul
journal J. fre testing test. eng

L linear n.a. eng thermal- therm. eng, fre
london lond. eng tooling tool. eng
lubricant- lubr. fre, eng transact- trans. mul
lubricat lubr. fre, eng tribolog- tribol. eng, fre

M machin- mach. fre, eng V vessel- vessel. eng
magazine- mag. fre, eng W werkstatt n.a. ger
manufactur-  manuf. fre, eng werkstoff- werkst. ger
materials mater. eng wirtschaft- wirtsch.  ger
mathemat- math. fre, eng Z zeitschrift- Z. ger
mechani- mech. eng, lat List of Title Word Abbreviations (LTWA on-line
metal- met. mul http://www.issn.org/ ) & v /ERK
metallurg- metall. mul
mineral miner. mul
mining min. eng
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