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1-0:Material Class
PMC
MMC
CMC
i-1: Fabrication Class
1-1-1: Fabrication Type
Hand lay up molding
Resin injection molding
Injection molding
Press molding(SMC)
Press molding{(BMC)
Pultrusion molding
Extrusion molding
Filament winding molding
Autoclave moldinsg
Vacuum bag molding
Others(specify)
1-1-2: Fabrication Equipment
Oven
Press
Autoclave
Filament Winder
Extruder
Pultruder
Injection Molder
Other (specify)
1-3. Fabrication Stage Conditions
1-4: Fabricator
-1-5: Fabrication Date
2: Reinforcement Class
-2-1. Subclass
Continuous
Discontinuous
Staple
Milled
¥hisker
Pulp
Other (specify)
1-2-2: Chemical Class
Alamid
Glass
Carbon
Silicon Carbide
Aluminum Oxide
Alumiunm
Boron
Other (specify)
3: Common Name
4: Additional Name Information
~-5: Specification Organization
6: Specification Number

1
1
1
1_
1
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Alphanumeric String

Alphanumeric

Alphanumeric

Alphanumeric
Alphanumeric
Alphanumeric

Alphanumeric

Alphanumeric

Alphanumeric
Alphanumeric
Alphanumeric
Alphanumeric

Strineg

String

String
String
String

String

String

String
String
String
String




~7. Specification Yersion
-8: Specification Designation
-9: Specific Gravity (N/mm3)
-10:Class Section Type
Circular
Rectangular
Oval
“Irregular
Other (specify)
1-2-11:Dimension Type
Length
¥idth
Inside Diameter
Qutside Diameter
Thickness
Wall Thickness
Cell Size
Denier
Filament Count
Fiber Yield
Other (specify)
1-2-12:Dimension Yalue
1-2-13:Dimension Distribution Parameter Type
Stabdard Deviation
Range(+-)
Coefficient of Variation (%)
Other (specify)
1-2-14:Dimension dispribution parameter Value
1-2-15:Manufacturer
1-2-16:Manufacturer’s Identification
1-2-17:Lot number
1-2-18:Manufacture Date
1-2-19:Process Condition
1-2-20:Surface Treatment
Chemical Oxidation
Plasma Etching
Adhesion Promoting
Sizing
Anti-corrosion
Finish Free
Lubricant
Release Treatment
Other (specify)
1:Surface Treatment Detail
2:5ample Form
Tow
Impregnated Tow Strand
2D-Fabric
3D-Fabric
Mat
Braid
Yarn Roving
Other (specify)
1-2-23:Preparation Detail

1-2
1-2
1-2
1-2

1-2-2
1-2-2
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Alphanumeric String
Alphanumeric String
Floating Point

Alphanumeric String

Alphanumeric String

Floating Point
Alphanumeric String

Floating Point
Alphanumeric String
Alphanumeric String
Alphanumeric String
YYMMDD

Alphanumeric String
Alphanumeric String

Alphanumeric String
Alphanumeric String

Alphanumeric String




1-2-24:Processor
1-2-25:Additional Information
1-3: Matrix Class

1-3-1:

1-3-2:

Subclass
Thermoplastic
Thermoset Plastic
Rubber
Other (specify)
Chenmical Class
Acrylonitrile-Butadiene-Styrene

Alphanumeric String
Alphanumeric String

Atphanumeric String

Alphanumeric String

Acrylonitrile-Butadiene-Stylene/Chlorinated Polyethylene

Acrylonitrile-Butadiene-Styrene/Polyanide

Acrylonitrile-Butadiene-Styrene/Polycarbonate
Acrylonitrile-Butadiene-Styrene/Poly{vinyl Chloride)

Acrylonitrile-CPE-Stylene

Allyl Diglycol Carbonate
Aerylonitrile-EPDM-Styrene
Acrylonitrile-Styrene-Acrylate
Cellulose Acetate

Cellulose Acetate-Butyrate
Cellulose Acetate-Propionate
Cresol Formaldehyde

Cellulose Nitrate

Cellulose Propionate

Chlorinated Polyethylene
Chlorinated Poly (Vinyl Chloride)
Chloroprene

Chlorsulfonated Polyethylene
Cellulose Triacetate

Diallyl Phthalate
Ethylene-Acrylic Acid

Ethy! Cellulose
Ethylene-Chlorotrifluoroethylene
Ethylene-Ethyl Acrylate
Ethylene-Methy! Acrylate
Ethylene-Methacrylic Acid
Epoxy-Epoxide

Ep Rubber

Ethylene- Tetrafluoroethylene
Polyether Urethane Rubber
Ethylene-Vinyl Acetate
Perfluoro(Ethylene-Propylene) Copolymer
Futan-Formaldehyde
Fluoroelastomer

Fluorosilicone Rubber

High Density Polyethylene

High [mpact Polystyrene

Low Density Polyethylene

Linear Low Density Polyethylene
Linear Medium Density Polyethylene
Medium Density Polyethylene
Melamine-Formaldehyde
Polyamide-6

Polyamide-66
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Polyamide-69

Polyamide-610

Polyamide-612

Polyamide-11

Polyamide-12

Poly(Acrylic Acid)

Polyarylate

Polyarylether

Polvamide-Imide

Polyester Alkyd
Polyacrylonitrile
Polyarysulfone

Polybutene-1

Polybutylene Terephthalate
Polycarbonate
Polycarbonate/Polybutylene Terephthalate
Polycarbonate/Stylene-Maleic Anhydride
Polymonochlorotrifluoroethylene
Polyetheretherketone
Polyetherinide

Polyethersulfone

Polyethylene Terephthalate
Polyethylene Terephthalate-Glycol Comonomer
Phenol Formaldehyde

Perfluoro (Alkoxy Almane)
Phenol Furfural

Polyimide

Poly (Methyl Methacrylate)

Poly (4-Methylpentene-1)
Polyoxymethylene
Polyoxymethylene Copolymer
Polypropylene

Polypropylene Copolymer
Polyphthalate Carbonate
Polyphenylene Ether/High Impact Polystylene
Polyphenylene Ether/Polyanide
Polyphenylene Ether/Polybutylene Terephthalate
Paly(Phenylene Sulfide)
Polyester

Polysulfone

Polysul fone/ABS
Polytetrafluoroethylene
Polyurea

Polyurethane

Poly(Vinyl Acetate)

Poly(Vinyl Alcohol)

Poly(¥iny! Butyral)

Poly(Vinyl Chloride)

Poly(Vinyl Chloride-Acetate)
Poly(Vinylidene Chloride)
Poly(Vinylidene Fluoride)
Poly(Vinyl Fluoride)

Poly(Viny! Formal)
Styrene-Acrylonitrile
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1-3-3:

Silicone Plastics
Stylene-Maleic Anhydride

Stylene-Maleic Anhydride/Acrylonitrile-Butadiene-Styrene)

Stylene-Methyl Methacrylate
Polysulfide Rubber

Thermoplastic Elastomer, Ether-Ester
Thermoplastic Elastomer. 0Olefinic
Thermoplastic Elastomer, Styrenic

Thermoplastic Polyurethane

Uitra High Molecular Weight Polyethylene

Urea-Formaldehyde

Unsaturated Polyester

Vinyl Ester

Other (specify)
Commercial Name

1-4: Filler Class

1-4-1:

1-4-2:

|

P A N ol el
|

—_— O S0 ] O N e

— e pamd et et

S —

Subclass
Particulate
Platelet
Hol low Sphere
Hollow Cylinder
Other (specify)

Chemical Class
Calcium Carbonate
Kaolin Clay
Titanium Dioxide
Mica
Talc
Other (specify)

: Common Name

: Additional Name [nformation
. Specification Organization
: Specification Number

: Specification Version

1 Specification Designation

: Specific Gravity (N/mm3)
:Dimension Type

Cell Size
Other (specify)

:Dimension Yalue
:Dimension Distribution Parameter Type

Stabdard Deviation
Range(+-)

Coefficient of Variation (%)

Other (specify)

‘Dimension dispribution parameter Value
‘Manufacturer
‘Manufacturer’s [dentification
:Lot number

:Manufacture Date
:Process Condition
:Surface Treatment

Chemical Oxidation
Plasma Etchine
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Alphanureric String

Alphanumeric String

Alphanumeric String

Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Floating Point

Alphanumeric String

Floating Point
Alphanumeric String

Floating Point
Alphanumeric String
Alphanumeric String
Alphanumeric String
YYMMDD

Alphanumeric String
Alphanumeric String




Adhesion Promoting
Sizing
Anti-corrosion
Finish Free
Lubricant
Release Treatment
Other (specify)
1-4-20:Surface Treatment Detail
1-4-21:Sample Forn
Powder Plied Yarn
Slurry
Other (specify)
-4-22:Preparation Detail
-4-23:Processor
-4-24:additional Information
1-5: Core Class
-5-1: Subclass
Honeycomb
Foam
Other (specify)
1-5-2: Chemical Class
Glass Reinforced
Aluminum
Alamid Reinforced
Poly Vinyl Chloride
Balsa Wood
Other (specify)
3. Common Name
4: Additional Name Information
5! Specification Organization
-B: Specification Number
7: Specification Version
8: Specification Designation
9: Specific Gravity (N/mm3)
-10:Class Section Type
Circular
Rectangular
Oval
Irregular
Other (specify)
1-5-11:Dimension Type
Length
Kidth
Inside Diameter
Outside Diameter
Thickness
all Thickness
Cell Size
Oenier
Filament Count
Fiber Yield
Other (specify)
1-5-12:Dimension Yalue
1-5-13:Dimension Distribution Parameter.Type

_15...

Alphanumeric String
Alphanumeric String

Alphanuneric String
Alphanuteric String
Alphanureric String

Alphanumeric String

Alphanumeric String

Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Floating Point

Alphanumeric String

Alphanumeric Strineg

Floating Point
Alphanumeric String




1-5-14:
1-5-15:
1-5-16:
1-5-17:
1-5-18:
1-5-19:
1-5-20:

1-5-2
1-5-2
1-5-25:

Stabdard Deviation
Range(+-)
Coefficient of Variation (%)
Other (specify)
Dimension dispribution parameter Value
Manufacturer
Manufacturer’s Identification
Lot number
Manufacture Date
Process Condition
Surface Treatment
Chemical Oxidation
Plasma Etching
Adhesion Promoting
Sizing
Anti-corrosion
Finish Free
Lubricant
Release Treatment
Other (specify)

:Surface Treatment Detail
:Sample Forn

Block
Other (specify)

:Preparation Detail
:Processor

Additional I[nformation

1-6:Precursor Class

1-6-1:

et — et e b et et
|

O’JO’)@GUC?ODC?O‘)O‘J

— 0 00 =1 O3 & P LD DD

1-6-11:

Precursor Type
Prepreg
Prelam
Preimpregnated Tow
BHC
SMC
XMC
Other (specify)

: Precursor Commercial Name

: Precursor Manufacture

: Precursor Production Date

: Precursor Lot Number

: Precirsor Specification Organization
: Precursor Specification Number

Precursor Specification Version
Precursor Specification Designation

‘Precursor Dimension Type

Length

Qutside Diameter

¥idth

Thickness

Inside Diameter

Fiber

¥all Thickness

Other(specify)
Precursor Dimension Yalue .(mm)
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Floating Point
Alphanumeric String
Alphanumeric String
Alphanumeric String
YYMMDD

Alphanumeric String
Alphanumeric String

.Alphanumeric String

Alphanumeric String

Alphanumeric String
Alphanumeric String
Alphanumeric String

Alphanumeric String

Alphanumeric String
Alphanumeric String
YYMMDD

Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String

Floating Point




1-6-12:Precursor Reinforcement Content, by Wt (%)
1-6-13:Precursor Reinforcement Orientation {(degree)
1-6-14:Precursor Additional Information
1-6-15:Precursor Reinforcement Areal Weight
1-6-16:Precursor Volatile Content, by Weight (%)
1-6-17:Volatile Content Test Conditions
1-6-18:Precursor Matrix Flow, by Weight (%)
1-6-19:Matrix Flow Test Condition

1-6-20:Precursor Matirx Gel time (sec)

1-6-21

:Matrix Gel Time Test Conditions

2-0: Test Method Class
2-0-1: Type of test
Tensile
Flexural
Compression
Shear
[LSS
Other(specify)
2-0-2: MHeterial
2-0-3: Meterial reference number
2-1. Test Method Subclass
J1S, ASTM, IS0 or other applicable
standard method number
150
J1S
ASTM
BS
DIN
NF
Other(specify)
3-0: Specimen class
3-0-1: Type of specimen
3-0-2: Specimen preparation method
Molded
Machined
Machined and ground
Other{(specify)
. Preparation condition
: Machine used
: Cooling condition
. Specimen reference number
: Referance or source
: Inspection nmethod
X-ray
C-scan
Other(specify)
Nane
3-0-9: Inspection results
Passed
Extensive microcracks
Excessive voids
Delamination
3-0-10: ¥idth data
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Floating Point
Alphanumeric String
Alphanumeric String
Floating Point
Floating Point
Alphanumeric String
Floating Point
Alphanumeric String
Floating Point
Alphanumeric String

Alphanumeric String

Alphanumeric String
Alphanumeric String

Alphanumeric String
Alphanumeric String

Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String

Alphanumeric String




-10-1:Specimen width - average{(mm)
Thickness data
l

Length data.
1:Specimen length - average(mm)

Gage length data

2:standard deviation

Tab

1:Tab material

2:Tab length(mm)

3:Tab thickness(mm)

4:Tab taper(degrees)

5:Tab adhesive

Specimen conditioning method
l:Conditioning temperature(’C)
2:Conditioning humidity(¥%)
3:Conditioning timeChours)
-16-4:Conditioning environment

0-
-10-
-11:
1-
11-
-12:
-12-
2-
3:
3-
3-
4:
4-1laverage
4-
5:
5-
5-
b-
b-
5-
B:
6-
6-
6-

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

wwwwwwwmwwwmwwwwwwwwwmwwwmm
OOOOGDDDDQQOODDODDDGOOODDDO

-17: Specimen Manufacturer
-0-18: Specimen Production Date
4-0 Test condition

4-0-1: Material
4-0-2: Material reference numher
4-0-3: Test condition reference numher
4-0-4: Specimen reference number
4-0-5: Test date
4-0-6: Test engineer
4-0-7: Test facility - laboratory
4-0-8: Test facility - city
4-0-9:Test facility - state
4-0-10:Test facility - country
4-1-1: Test temperature( C)
4-1-2: Test humidity(%)
4-1: Test environment
4-1-1: Test temperature( C)
4-1-2: Test humidity(%)
4-1-3: Test atomsphere

vacuum

air

argon

water

other (specify)
4-2:. Test machine
4-2-1: Type of grips
¥edge
Hydraulic
IITRI
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2:Specimen width - standard deviation(mm)

1:Specimen thickness - average(mm) -

2:Specimen . length - standard deviation(mm)

l:Specimen gage length - average(mm)
2:S5pecimen gage length - standard deviation
Specimen cross - sectional area(mm*¥*2)

Floating point
Floating point

Floating point

2:Specimen thickness - standard deviation(mm)Floating point

Floating point
Floating point

Floating point
Floating point
Floating point

Alphanumeric String
Floating point
Floating point
Floating point
Alphanumeric String
Alphanumeric String
Floating point
Floating point
Floating point
Alphanumeric String
Alphanumeric String
YYMMDD

Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
YYMMDD

Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Alphanumeric String
Floating point
Floating point

Floating point
Floating point
Alphanumeric String

-Alphanumeric Strinsg




Celanese
4 point bend
4-2-2. Type of fixture
4-2-3: Type of testing machine
4-2-4: Loading rate
4-2-5: Loading rate procedure
Strain rate
Cross—head speed
. Type of strain instrumentation -
Strain gage
Extensometer
Other(specify)
: Was hending strain measured?.
: Data collection method
Analog
Digital
4-2-9: Sampling rate(per minute)
4-3. source
5-0: Test results
5-0-1: Test result class
numerical
graph
! Test result identifier
. Materisal
. Material indentifier
: Type of test '
Tensile
Flexural
Compression
Shear
ILSS
Other(specify)
. Test method reference number
: Specimen reference number
Test condition reference number
t data
: Number of specimens
. Moisture content before testing(%)
Moisture content after testing(¥)
Rate of loading(mm/min)
Maximum load data(N)
-1: Maximum load - average(N)
-2: Maximum load - standard deviation(N)
-3: Maximum load - coef. of variation(%)
:Strength data(MPa)
~-1:Strength - average(MPa)
-2:Strength - standard deviation(MPa)
-3:S8trength - coef. of variation(%)
)
-1:
-2:
-3:
-4:
-5

1

1
O(IDO

1

|
| —3

ooooaocaoooo—.]-qqqmmmmcncom—.m @-4@

p—op—Al—‘i—ﬁi—lo—-ol—li—ll—lb——'i-—'l—‘i—‘l——‘i—‘l—l!—'P—‘

train data(mm/mm)
Strain at failure -average(mom/mm)

train at failure - coef.

cnmcncncncncncncncncncncncncncncncn I &ron h
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Atphanumeric String
Alphanumeric Strinsg
Floating point

Alphanumeric String

Alphanumeric String

Alphanumeric String
Alphanumeric String

Alphanumeric String
Alphanumeric String

Alphanumeric String
Alphanumeric String
Alphanumeric String

-Alphanumeric String

Alphanumeric String
Alphanumeric String

Floating
Floating
Floating
Floating

Floating
Floating
Floating

Floating
Floating
Floating

Floating

Strain at failure -standard deviation(mm/mm)Floating
S of variation(¥)
Max. transverse strain (average)(mm/mm)
Max. transverse strain (standard deviation)

Floating
Floating

point
point
point
point

point
point
point

point
point
point

point
point
point
point



(nn/mm) Floating point
5-1-8-6:Max. transverse strain (coef. of variation)

(%) Floating point
5-1-9:Proportional limit strain{mm/mm) Floating point
5-1-10:Percent bending strain Floating point
5-1-11:Modalus data{GPa)
5-1-11-1:Modulus - average{GPa) Floating point
5-1-11-2:Modulus - standard deviation{GPa) Floating point
5-1-11-3:Modulus - coef. of variation{%) Floating point
8-1-12:Poisson’s ratio data
9-1-12-1:Poisson’s ratio - average Floating point
5-1-12-2:Poisson’s ratio - standard deviation Floating point
5-1-12-8:Poisson’s ratio - coef. variation of (%) Floating point
5-1-28:Method of calculating elastic constants Alphanumeric String

LLeast squares

Chord per ASTM E 111 {secant)
Graphical - linear region
Initial region

5-1-29:Initial strain(mm/mm) Floating point
5-1-30:Final strain(mm/mm) Floating point
b-1-81.Failure location Alphanumeric String

Center half of specimen

End quarter of specimen

Qutside gage section

Inside ‘of tab
5-1-32:Failure mode Alphanumeric String

Regular fracture surface

Fiber pull-out

Irregular fracture surface

Brooming

Fiber micro-buckling

Fiber crushing

Delamination

Other{specify)
5-1-34:Data quality indicator Alphanumeric String
5-1-35:Graphical resurt reference number Alphanumeric String
5-1-36:Maximun load vs variable Alphanumeric String
Temperature

Fiber fraction
Moisture content
Loading rate
Specimen size
Other(specify) : :
5-1-37:Strength vs variable Alphanumeric String
Temperature
Fiber fraction
Moisture .content
Loading rate
Specimen size
. Other(specify) . : .
5-1-38:5train vs variable L - Alphanumeric String
Temperature '
Fiber fraction
Moisture content
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5-1-39:

5-1-40:

nanoanona

I I

|
e b o P e
N e G D —

Loading rate
Specimen size
Other(specify)
Modulus vs variable
Temperature
Fiber fraction
Moisture content
Loading rate
Specimen size
Other(specify)
Poisson’s ratio vs variable
Temperature
Fiber fraction
Moisture content
Loading rate
Specimen size
Other(specify)

‘Raw data test source

‘Numerical results reference number
:0ther results

‘Footnotes

:Coment
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Alphanumeric

Alphanumeric
Alphanumeric
Alphanumeric
Atphanumeric
Alphanumeric

String

String

String
String
String
String
String
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| Hyper‘CompOSItesI ES DESIGN

Composrtes Desigrin HyperCards, Stephen W. Tsai

1(CIntroduction ) s(" Ply strengtn )17( Tests for Fxy J2s(Whisker comp)
| 2((Plystifiness )10 Lam strength ) 1s(_Lam design )2s(Ceramic comp)
| s(in-plane stift )11 (_ LPF (Emw) )1s(Uni GFRP (Fxy) 27((Woven corrp )
+( Flexural stiff }12("Curing stress ) 2o{uni CFRP (Fxy)2s(_ )i
s(Micromechanx) 1z(Fall envelopes) 21(7/4 GFRP(Fxy) 2s( )
s(Minmechanx J14(_ Mic-Mac  )22(3/4 CFRP(Fxy))o( )
7[ Stiff ¥s angle)w( )23( )31( J

| o ) e )2 )=2( ) |
March 86 &
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L
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HyperComp-sact 1 | —/NTRODUCTIGN TO COMPOSITES DESIEN___m
Ever g opporiunities.

As composile materials for structural applications enter the third
dacede of develepment, epportunities shound:

Asrospace appltcations continue to expand far numerous reasons,
which includs specific strengih end ellffnass, corrosion and
fatigus rasiutance, reduction In part and fastenar count, and othars.

Automotiva spplications hava bean limitad 1o lighily loaded
etructures. But Lha percentage of compogiies ulttiization has
increased from a very !ow bese to 2 gignificent proportion,

Sporting goods have alwaye associsted compogites with high
pertormanca, and have popularized compoeltes beiter then all olhers.

There 18 ng ¢lopping now, Are we daing the right thing?

Q

HyperComp-sect 4

¢| await rational explanallons.

e ADVANCES IN COMPOS|TE MATERIALS ___
. But basic underetanding 18 stlll lacking___

what ara somse of tha milestlonas?

After E- and 3-glass, we have geen boron, grophits, Keviar, plteh,
silicon niiride, polysthelens, and othsr organic and Inerganic Mbers.

Equally glant staps hove octurred In the development of motrix
matarials, atarting with poiyesier ond phenolic, followed by
epaxy, high temperalure orgonic matrices, matel matrix, and
caramic matrix.

The theory of composiias has nol successfuily sxptained some of the
fundemeniel mechanisms of reinforcement and those of (aitures.

The role of the Intariece or Intarphasse, the truth sbout fiber pullout,
eny synergiam nbout hybrids, intertaminor fallure, comprassive
fellure {unususlly low In many new compogites), and others atil!

[HyperComp-sact 1] —FL0W DIAGRAM FOR INTEGRATED DESIGN__ cym

Addition of minlmechanics

INTEGRATED DESIGN

TRADITIONAL
DESIGN
JHick
HyperComp-sact 1]~———TRANIVERSELY 130TROPIC HATERIAL . g9

flane 2-3 18 {eotropic

9 Sz Sz 0_ 0 O
B2y (822 829 O [ (4]
821 832 822 0 [ 0
o 0 0 S 0 O
o 0 0 071 8 0
[ a 9 0 LU - PN
laotropic
plane
Exz Eyz Ey= 148y, Ey=s EyzEgcEy = [/8;y
Longitudinel shear = Ey = G| 1 = b3 = [/8ge

Hajor Pofasan's rallo = vy = —35/8), =¥y 932/ 9y
Transv. I1s0. plane: vy =Wyy = Pz = ~Sya/92
Sy e By =623z H/2(053-8173) = 1/84

(=)

HyperCornp _,m [HyperComp -ssct t] —JTRESS REDUCTION FROM SPIRAL STACKING _ com

zuI "'

(907072431, 0 (0907548l
spiral stacking
f s (prefarred)
r o/qsmof—asl, [0/45450/=45)
(X
190/24970) f

[45/90/0/=49);

mm lplrnl atacking
[0/90/45/- 45]

>

-20

B3-2

IHyperComp-u:t 1 l

THE MOST COMHON HATERIAL SVHHHRIES_‘B
Haw many {ndependent constants?.

Grthotropic Trangversaly jsoiropic Isotropic
I 3
_’
2
Indapandant| 1
constants
E,,E\.,Et EK.EH-EV E- E, E
3-diman "] Vi, Wy, Ve 5 Vi, Wy, Wy 2 v, v
Gix, Gy, Br GGy Gy* G.G G
- BBy M EE
2-dimaen Uy B 4 vy B 2 & CD

HyperComp-gect t

& [Engg const] €5

HyperComp-sact 1

—HINIMECHANICS ANALYSIS OF 30 CONSTANTS_ rim
~——Flatwige modulus end Poleson'a ratlo___
Leminated with orthotropic plies  Quasi-homogeneous end erthotroplc

|compitencelafy ey o

T S
E;vz_,j

INTERLAMINAR FAILURE CRITERION ___
___Haaad on normal and tangential ractione.__
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1 BaiRO7-7 185

AEHRTF S <—-20F—FLRRELUTFTRALET,

ITFAAHNF—-TR
IR ETF—TN
T3 BEF-7T0

wgF—-7n
fEF—7n
2 BAUROT-7IE
(a) 7T 18HF—7N
< | 3 &
No ® %
b | ] Farmat Hfir
1 % =B 13 - 10 G ITRAES
2 54 cs - CFRP.BFRP .GFRP+-+ &
3 A—Na& Al1D -
4 LV % AlD -
5 e ® R %
6 B cs - HL.SU.F¥.CC.HD.CM.INY}
7 Ui s - DRY .¥ET
8 Kuisx R Lo
9 xR - FEAFE (200 4b) -
10 REHR 3 —EREE (200" 4})
11 R#ER J A —FEAEHE (200 41)
BiE
1) HL : ## 28 (Hand Lay-up). SU;; AFL—7 v 7{(Spray-Up)
FW i k#&&(Filament ¥inding) C C ; ® Ok (Centrifugal Casting)
MD : V7#F # {EFE & (Matched Die malding) CM i E MKk (Compression Molding)
IM:; HHAEFE&E(Injection Yolding)

H3-3 #HaMHoF— M@ (201)
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(b)) 73 1HERHT—TL

N o % -
m B Format | B {&
1 B E (BRE. &%) R T
2 RAEEN (BE. B®) R Pa
3 BE414IL (B4 BK)| R min
4 FHEHR YR EHEA (200 14)
5 M L—HEEHEE (200D
6 R a—¥EESHQ L
(c) 7214885 ~-70
¥ # o
No w %
| B Format WMo
1 N = he R mm -
2 ARHLO 5 0 AL R R Ex R GPa
3 LAKFMERY Ev R GPa
4 by - vy R -
5 tAMAIE RN Ee R GPa
6 BENFEHEYRE X R MPa
7 R R X' R MPa
8 [ WACETRDEY: 3 Y R MPa
9 g WAoy: 2T ¥ o Y: R MPa
10 HAMREK s R MPa
11} WERTWEITAEES Eo R GPa
12| HAKFMMITHERYE Eav R GPa
13 R¥eh)y s s Xs R MPa
14|  HLASfidhiS 5K Yo R MFPa
15| ¥yibe—#iREx R J/m?
16 WEIMN2IESD Q xx R GPa Ex.Ev.vx.Ea& Y HH
17 MHETVPAk 4 Qory R GPa ” L4
18| RETHPARS Quxr R GPa P #
19 Mk s Qss R GPa ” "
20 ®EM A —HIEBHEE (200 4F)
21 w#EA I—YEEEH (200 11)
22 *#EM X~ HERHEE (200 14)
23 kM A—HEREE (200 4}
24 ¥R a-YE&EHE (20N )
25 FEM T—¥REEHH (200 1)

R3-8 BAHBOF— yHE (£02)

_38_




(d) ME>»—7

" 17 3 |
No | L
m B Format B
1 W cs - CF.GF.ARF.SIC-- @2
2 A=H4 AlO -
3 L LEP Y AlO -
4 o= s - HMA. MR
5 e R Bm
6 w ® R g/ca?
7 CIE-LE ¥ R MPas
8 Wit R GPa
9 E 31 4| a2 -4 M E (200 4H)
10 *xMEM a—FERRPE (200" 4F)
11 MM a2 —HERHEE (200" {})
12 £MEM a—HEMEB (200" {})
113 =3 ¥ a—HEMEE (200 41)
(e) BER7—710
Lo #% X
No " %
bi: | H Format B
1 #H K Cc5 - UP.EP.PH.P1.PA-- &
2 A—N4 AlD -
K] [CEE VX AlO -
4 a M S - aEkit, sieTait
5 HIABEBEAK R T
6 ® K R g/cm®
7 CIE-3IF§ R MPa
8 iR R GPa
9 *EA 2 —-H'EHERE (200" {})
10 EL ] 2 =HEREHEA (200 4})
11 ESL a—HERGHE (200 4F)
12 k&M 2 —+EMHEB (200 4})
138 &M o —HE M E (200" 1F)
BiLH:
2) CF i RR GF i3 & AF i 2B FERUTIFK (T )
SICi¥Vawh—stah PF:2X5&ERVTAF)L GPF : 260
BF i#ovw ALIO3: 7z SI1Q2:Yh
AYUPiRYZAFRL EP;: %y PH:iZ7x /=
PI iRV srz2k PA:;#YTIF PCiRUAH—RRXA |
PBT & Y7 Flui7su-b PP S VI S 2] PES iRy T—FIA)FYv
PEEK : & V1-Fp1-7ar}s PAI YFPEFRSAIP

BH3~-3 #HE&HHOD
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B 2N-2+ F-THR
d (BT J[RE] | ) ][ I

B 2HHMNKBERFH

B.B
~— e
5 ” #80 . -
-
43]
g PN T T r— E Y T
% . :
oy
+q a a
oL
.

4“9

118 229 0
RN PRHARINEx [ 6P )
| BEN WEE (BT 10 ] ] ( 130 I ]

B3-4 F—%R—22AD2poO0OKDEK
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4. 7o b A4 T F—24_R—2DHE
4.

4.

1 FabyAFeTr b FogN—2

1. 1 B&F—2V—AW\H
REHAGHMBE, FH - MEEREO - RHEERHARLOXTELSIBRS
HIho2530MBRER, FEAHBEBELoEVWHENCHZ 2D
RTBEHETBF—HI UL, AH BB I I2BLAOMBAMBELENCE
M3 B LARTRTHELEILILh, REESVYBOBEH 2RI IN
WD ATFLEWETEILNABE B - TV 3B,

SEZOI BBERAIOHRAZED T 2HEESHHBERF— 5 <—2
EPHBREHTILDLE, 2 — ¥ —0UPr I LiEwBEFoRV Y
A7 AOARBE, BHEBISF— 3V —20RBEHNBEERERE KB C
ERBE2FTHRY, HEHOEROTFRO—DELTEEMHEZHS
G, BRTRTWEEEMDLAAEaMEE2RNOE>HEHMH TR0
ERBEARELZ2 OMYD, TOUNERRRAEBIEMO—BRELZ LT
Wh, BENTRHEAESGHHERS LV () BIkT7 532 F v 7L 5%
LELT, BABMES2, BAHBZA, AN T¥4, HEER¥ 4. ©
RilEE S, AXRSBHEHEEZS, 732 F v 7RENI¥E&BETCLER
FTHOERAKEZTHAMBRMTI ALy ¥ a vARBYZ R E L TERBLS
HohTwab,

FhEaMEcETsERx#EL. ICCM (HBEHEAMBA2E) + S
AMPE (kGHBESEB) BLEE2RLLLTIETEIRERL EDDHIRE
2 TWVh, THLNOMHEOKEREBE, 198 1F5I08FlblisAES
TEBERIRORMRBEEENRHB I vV 7 bOo—D R EEHEGHR
ABY EFohrfcc i, BeEa LAt RAMOLBYTH S,

COEIBERBVAEBROBEE, HAMHORH F— ¥R EEHY
WERAT 2100 RBAMOLFCER, B, HEAZARERER
CHAMHUTRARBAMIT > CELERGHEE « &8 B KRB #
HERFXOPT, HEAMHENHEOREAAXAXBMI OB 1 ELLBEXY,
Fa. BIIAEN, RMCEORHMBREZS O IV — THE NN O LN
HAEMBOER DA eLHEFLERRAZREN AN, chooER2HA
BHELTCER, CLOoDHABILEHSGHHOMEMR OB Q% M #ETE
AV BRoOoFaZ2EBH 2O ELDTCHATHB N, FHAHOBRHE L
REZNHT D EBEHHERZLWEXOERZ2—ATEHELTY 3,
FICHEMBONEMNEBAHEZRBKAHTNET B 272 BUEELLD,
MM EMD 9FELST - CELEEHEAMBF— v~ VEREDT
TP ENOCDERREZEIZDOTCH o1, SHMABELES ELTWS F—
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SRy A F 20 BTBEF -V —ARCHETEELTHL T LHEKE
MENEMALZCLBBRAEALILTS 5,

ELTERKVYATATRF =9V —2LLTROIDEWY LIFTWVA,
O HAMRUBERHDOH I T
@ E i
@ HAMBERMRERERARTAR

QA7 > 2 F—yRBEEASOEAHRITBY 3 BEFNE
EREILZFHABFRO— 2L LT, HAHHUBEHDLIRNAD A — 1 -
POHLTOWAEN T~y 2RETHLOTH 5,

@OEHMXMFT— 7%, HAMBORHHTHBHERXEUHEF —
FEZBEROFBBBREBECBATEOD, ZNMhS Ty 7 FF— 2 28
EIT5dbDTH5, HAMBEBIA2MEREZN OB - TVIEHRER
ZREbR-TVERE®D, SEFAHALLF -2 v—2&LTJOI1 S, ]
ARDASKUGEHOEAMBEMI ANV IF Yy s 2 AVE,

JOI SBHAMZBHMNEH Y 7 — (ISR T > TVWBHEETRAD
F—=FR=Z20—2THD, HAEVMBEHTIZROBEHENFL TV 3,

JARDASRB®MILT 7 AF vy 7REaMBHERBLEBIE TS A F v 27—
FR=—ATHY, FRPRHEETAIFAAIS LVEAOERIMOTA » R
REZF:2, FRB POV I v BLUBET 2 F v 7lEE. XROEH
BeEfseT, FTREADRLIILTALOT, BT 525y 22
DITIF— I —E2Vy 2720 REBMETAIHBOTHD, HBEXNRI
Fa1-1 BT LWL 0BBEOEAMBItM T 22MaE,. EAVTHE
B, BHANHELETHS, JARDASBBHOBAHMBEZHEE X
NEXBF—T7—FEPBLI-TERAXROBEAIMNRER B E2=
—IBF— IR —2TCHOVEHEHEZB00 04 LOBHANHEL TV 5,

R, SEHHERE LLBEHOHAMBEEI 3 A FFy 2L TR,
HAEMSHHZESMAZ 1 SBAEOHSTRLLTI990FRAITER
LTHEHAEMHEAVY Ty 271 & REREE - HEMBHREHRBER ST &
S THREIR, HEBEBM» o 190 0FfifTadhe MNRILKEEH
HEMANAYFT 9 27] TH B, MIHEODEHEMBAYF7y 2, 1971
FHMEERHRE LI OHE I THEMBI®1 0 L4220 T, $2
OEINVLHPETCHITINLHAMBILESH TCORBAVY F T v 2T
b5, ABOHER, AA»o R VWEIHEHENER KON TS
BELRHEBZ2ERN» ONBMCERLTEY, BBREBE VI L OMBBEREL
T BRELTIB/USC EREROCERMBEIANTVE LD, SEIO T
— I R—LLTCHETDDIEEIAONS, FEBOREFR2ENTZLROD
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oakRIhs,
I #HAMHohE: BWHER, Mt LTconE
0 #HadHok: heRHtt, SantE. | iy,
HZEREE., s E. Wik - S0,
LZHEE, FEYt. KEERHE
I #MEEEEDSE @ EH, RE. FHEEMH, BEE, &8

HEMH O R

vV &t R RLEHOMMEORA

V #HRe8#E P RERB ., FUERAL REF-70
AL 34

VI EH - FRP, MMC, FRCOHBHE

QOHEAMBRUALNDARAERRIRUERERE » HOM BT RAR
Bak s - CTHESh, AFABBIZEEA208 L CHRIALERHE
A HEMHRERBEFAEMRHAESZSOPCTRRRTIOEZF—F
V—RAELTB2HDTH5B,

1. BEFN5 Q4FE &880t 4 8 9 8 6 R = o 730
2. BRG6 0OFEE 4 H 8k A4 B 4 8 rm R/ oK 3
3. BHME 1FE HEH BRI AW 0 R A0 K

i, OAGHEB2OPOHEHABRTUEREEESBMER L TR
bOEMATWY 5,

4. BiIEMBBRTEMRELZSS « BHBLLSEWG XM RE
(eBf6 143 HHIT)

Tl REREE - HEMHRRAHEG SR SEROKRBRESGHEH
REART e 7 OERE2ZEDRLBOLELT .

5. RAEEMBETAVYF T v 2 RHTERTWV S,

BRI rfFL VAT IR EAM BRI S H B W R &R AR
BRUEASHE - HAMBHERRBSMNED T L EAMH R B H
BRAEZ2HOIHECHITEINRLIOTHS, HHRAEHFEOHFIZAERE
RI-THREHEGHBOWNEHROBRMAEZNBRIEAL., FROFEAORE
FTELEDOREDLODTHHTH - oh, AHHOBH L L CHENHT LD
RBBUHEZLvwREoERZ2EMEINCvi, 22C, ChoOEMR
ZHO2P0L LT, REHESEVMHOBRNORERVBHLEE T2 LEX
ONB3NMEBEN L, 2R WEINTVWERIREZF—F vy -+ DEAT
FHEMCNET 3 ANMMARTINT,

B OFEEaMHREAEFHDMNEVEIMEICEHEH O 7
—SNEOPERE L LTHBEREEHBOBNFIHLEISHECEBELL
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XERZRLELTHEEIh TV S, WRXMIWENE SERE RIERHESH
HERPDRARBLSV TR LY R 2B LGEESI R TV S, N
WXEZIA3BTHS,

BHMEOFEHEHM B RHAHEHE M F{AFXNMSEHGS 9 F5ERH
il s, BAMSOERERIHAREAMBERHRWFE DY L X Rk
OhroHEREAMHOBNRE, EHRE, HREE. 7V — T4
KETEERNM2EUC I AT hRKERZFT—yv—rHoERXT
PEIhTwd, NERXERZLI0H8TDH 3,

BAs 1 EEHaBENDOREFARIB CREBRESHHO 7 —
SPREEZFT-THY, BMOSCHEE~MNSSEFORMBAERHMA R
HEBLBIFoh EXBMROCBNEOEEIBHAEXTCO] I CSTXH
PEHIwHECHL, TR EBRENTVERELAChECORIMER L F—
y =t HOEATCHFE LTS, REWNXEII8HETDH 5,

REFFHABRTFMAARZA - BHRALEEWOXRP R R, SHEEG
ot oni THFEMABRTFMARERE) OPOMMBILERE 7
—F v —-T70, BHGOEEDENO—RBE LTEATRAERTD
, XMBEL LTEARFEHEMEH Ly 27— (JICST) cllfZsh
TWABX#MDS b, KBERHEEZELDZLEDh3302HEB L. BHEL
b DTHd. WHE, HARR, EAFHER LS 1HEC Y TIRRHE
BE2Z2oBLTws, BBER208E, v bV vy 723 08EITDLI -
THBY, URBINT0HHFHRI3TIHTH S,

i TIRHERBEAEHBERAA Y P 7y 2] IRBRERE « HEMBHE
MER2MEREXEOR Y- “RIBEREEHHAKMARE S v 2 +7
DEFTREI-THINEMBREDERXFE SN LB DTE S, 2O T Y
=7 bTR. MZFH, EHEIEMERT IAMBECHEGHENOH
KR ENZ2EE, HRE2ASFL ) v 2 2% 8B LEM <+ Y
y JAREAEMBO oL LT, 1981 EH»58 rHFUbLbLEBEEED
FBELSHBHBHOTEEREINL, HEMRBRTHELO46EMOL LY
MOBHSERIOIF— Y v 1 2RBR2ZVT—FTE38EEL L OHAIMK
RBE2BTVE, FFRITHEOELIBRELEH TV S,

I %3

I #HEREAHH  SEEFRPEM. RENIH#

I €BREASHMH : SHEFRMEM. KENI EK

IV #ERarsl - BMEREEERE. BER{Fd v S5 4,
B A G E T
F—F = A ORE

=
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02

11
12

13

14
15

16
17
18

21
22
23
24
25
26
27
28

30
31
32
33
34

M7 5 2 F v &
HE#EAMBE2IEW
(BxELSL)

Composites(Q)
Composites Science and
Technology

Journal of Composite
Materials(Q)

Reinforced Plastics

Journal of Reinforced
Plastics and Composites

Composite Structures

SAMPE (Q)

ASME Applied Mechanics

HEA#MMHFSRE THH ]
HEEHEES LR SE
HAEMEFHESE
ZES A S A
MR F AR

BF ok

=T

& 53T iR

Experimental Technology
Experimental Mechanics
Journal of Material Science
Kunstoffe

Modern Plastics Internaticnal

35
36
37
38
39
40
41
42

43

45

46
47
48

51
52
93
54
55
56
57
o8

Adhesive Age
Journal of Adhesion

NASA (TP. CR. TM.

Plastics Engineering
Piastics Technology
ATAA J.

Bk £ 7 BF 95 BT BT
24 B 5 B 95 07 T 4

MR 2 FH B AED T H

%2 5 F 9% A AT

7% B 5% A 7
¥ B2 Wt A
b2 B ¥ B 95 BT 77 4

FRPR&WHE2
HAaHMByr vy Ry YA
FRPyvHY 294
SPI
SAMPEY v £ am A
ICCM
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4.

1. 2 @by 32F 972
(1) 75 AERILBEREAHN (GFRP)

ARTROBEMILESHBREALINED TCHPOWNO 0EOESR
2PHL, DHRETCHEMPSO0OA I EOEEREZRTEIOIEE T
B, TOMOEKROEERER S LVWHIOTH AN, KI.1-1 KART &
SEIODOMREPBETE3L:BbhsY, 2OoTTH 1 HROEH A
GFRPT® 3%,

FAUEROMHIBBEROREBELZERLLDOINZVONRBFHRTH S,
REBEEREZOE—ALFT 4 v o3 v X7y FETREBEEOHBIALL
BUSEEROSO0O%LUTOLBENEVYWDS OMNE L BFLHLMAE, LR
(SRR R/HE) 2boREMREED LV, #SE LTFWE
TREHSHRNSOUULOF B MEFTRO LD HBENEC
~8(X10%m) bH3EHMEOMBMNELINBH, LAKERZ2 (X
10 m) BEETV EHN TV B,

GFRPRIBILBMTII Vs A BEORN I NFEMARHEEE 2 |
Ot E L, B E LTS AHHEREE LRI RMBEHLZ O N A
Ty FOETHWLR R R LD, Bh iRl &MT
X3, . MU o 7 2B OFIHAEAUMABIDIBESAH 3 MUK
O#muBEEEIEoOMEB OMAGENE AN, Bt/ HBREORE
HEEKOEBEL L. GFRPONELALAROTEHMRRZE T
FFMURBOLEFGENS,

GFRPRBETAXMIBZIARDAS F— /-2 FHMNEHE <
WEIshTBH, K¥F—2)—20—2TH3]JARDASH»SGFR
PORRBZ 7y 2 v F— 9 BNBITHLNTED,

(2) REMHERILEREEZHAMY (CFRP)

CFRPURSBHRAAXRTIHEAMB TS S, 197 0FEARAKAD
BFMH, 77 I PR CZ 0B h MM BEHLLETAD, T8
LCOMMER—AR L EHEOHE 2 TREAHBMNFE, MEZRL
WELDOHHRERL 2,

At HRIEANY., FREOREEER I I I HE2»S, Y v
72 RMESELS, MM L EIBEN, HFRIGGRECE I EHR
FrEltEEcss o EF v MERELLTHVYSR TV S, A
HOoBHEERBEI-RBES50%YUELEFEL, 7V T v Fr—rE2AVF
VAT o THEPFWETHEELLY, Sl3kzsdktAvivs, Ll
MEALUEMERIFELLREEREILDEAABOMFERPLEERILT LD
BLRwv,
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CFRPOMILAHE L LT, 4HPANRLY v FEREHRZNRLT
BY, GAME - SWMBEEEHLAHEN LOHEMRIY vy FTH B, X
bt w 2202 F vl ARINEBEREMEZHCIECF
RPOHBIHh, W, MERE, MEFEREOMERZL o0,
SEBETETHRBERNMRLEINBE DO EEIALN S,

CFRPRHMTAZ7» 27 b7~ YB3 EEHAHBEITLLIMOVE -

RF—=8v—rETHrREABEHB M B ERWFEANM T RHACNE S
heEsy, RIERFAHBRAVYF 7y 7RIBEBLEENTVE, 2O
ft, MAMB NV F79y 2B CFRP. GFRPOZ7 > 7 b 7F— M
ZLEBENRT B,

B E X
DRNE—B, EEomgK, 43,1(1991) PP15-22.

19404F 1950 1960 1970 1980 1890
! | I ! !

1R A7 AEEREABLEMER
BEA 4
H 7 2 M DRME. &l F 2HET
AP

ABFIF VIATIEE ¢ BB TRE A E] EE
PoOMHA RFEHMHE BT HEEE
PIFhTHEHE
NENBtoR 28T

REBEME, TN B BSAE SR
x & g P R

3OS HEAR R BE A e R AU B AT 2B R A
EHETRYE

BHAEE tomtE2EEY
B R

Ba. 1 -1 ESTFREMABLEAMBRORROEL

4. 1. 3 BiL&RE
(1) @Rt LBRE &M (FRM)

FRMO 7— % 2fH LA XRG4 1L IHOXBRO> 5, &L
THMBIEE EEESMHENL T — 7 v —  BI3EB L CHMGIERE
HRMABRTEEASZH2 » BHBLEEWCXBPRTS 5,

FRYMECEHLE N T 5 MM 2 R « BH A EL
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THERL., 1. 3~ 1HBLVPK4L. 1. 3-20%iinK 5B,

%
1
g

i w | 3t
CVD #k#Ht 7 3 11
i C 7 2| 1110
f Al-0 5 2 1
# i
pc Sic 4 4
i g
Ah ‘
#E i HE 11 |11
ki

ati3al 3t 4l 17742
#4. 1. 3-1 RiEHAMBRET—7v— P FRMIXERE

#

Al ﬁl ?I ?1 g Cu 9u Mg | Ni [SJ Ti
Cu|Li | Ti}| 4 Sn S it
Al20s 31138 ' 1 17
B . 48 2 81 58
i C 17 1 - 1] 3| 2 1 25
it | 72 2 : 2
¥ | pc Sic 14| ' 2| 16
# |v Sic |18 ' 16
HE | Steel 2 2
SUS 2 . 2
Tac ' 2 2
W : B| 2 2 2 12
Y203 ' 1 1
i 101 1 3'156 7510 20 2 5 210 "' 153

4. 1. 83-2 FEMABIAMALEZRE S SHBMLEBWORDRE
FHLE:UD-LRMTAXMB EILORUAT, BHERZL TV 5,

(2) Bikmp#Hkas (ODS) .

SHOBMMEO R THERTOBIITBBEL TV 5 ONKTH M
BILTHD, 1M0ENDOSAPOHR L IBIERDTI-NIOBRE, ZOE
WREV, —BEAWBEELEERL. 1. 3-8 VRETLICEMA
OHETORWMNKS S RTHYMILY. Y, RIEWE XBETE
EHEWMETFEC L) 7 ABAUH—KHBSE, TRREEFED B
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LR HEBTOMBEETZLELTA L E2ENELTVS, LAL,
e, BEH, E2HZONBEIVEABNRERALRRRBREL LI o R,
BEDA A= ANTOA v FEZOHRLVEROHRBLLIYISGD
MELBRINETITHY, B MILAEE (Oxide Dis-persion
Strengthened Alloy; 0DS Ally) 2efilh & LABIEMREMNEATY 5,

43 R he =+ lits B
BERE&HE —
2 +H 25 18 ik Mg-ZrBa,Al-FeAls
K4 » E4H PN EDER A B Cu-Al,05,As-Mg0,Ni-Al204
E8Y-3 e o B AL SAP
EBLHE or Fe-Al503,Cu-Bel
B AL & o i
[HEA v 8 Au,Ni,Crz » %
A » WA G Ni-A15034
W o WA iy A TD-Ni,TD-Ni-Cr
RIS KR Fe-Al,03
%ﬁ)‘ w ’FE& Ni‘A|203
WA » WA o Al-Fehls

£4. 1. 3-3 SHBLtasHBEHFEOTH
BLILHMOoNTWVANSETS 5MBTHIRBRBEEGED > B KE
INCOHTBIR EShiAv=arTad4 vy (MA) Pkt THTE
Ni-dDThbd, MARREETFEZ2HE D o255 Yot A EHO—
2THY, LRSS TOMELENEA R TETWA, 3 NASHTHI T
BERE2EHT L0 ELTHAVLIRATOVEY 03N H
BELBILyR—HROREWEURTEL. 1. S-4DLHEHR
FCHRBERERKGYTHY, BERMARIFELANTH S, LA
LHEMeAy MY Y AREREN, BRI L2 7ELTHELTL

F50C, MAEMHAR I LR ZOoMMHRARTARET D » 7,

+H 1273kl B A3 ERAHT a4 £ — 0O M (KJ/nol)
7’ 1056

B AL ¥ 170

Y203 920

23

#4. 1. 3-4 ZEEBRALMBOXEH
REOHROERZ =+ 7 VE, HBEEAETHY, THIEPHES
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L % 30k

SOMSEEORAAIHA>2d 5,
0DSE&EEIAMER oty vy BT AMENMNLEELNE -
hbOho, PRAOERDHEIKLDVWTHES» SO, URogHR/RED

FEETHEIDDOFELRINEINTEYD .

"New Materials by Mechanical Alloying Techniques”,

"Mechanical Behaviour of Materials”,

"Advances in Powder Metallurgy”,

*Solid State Powder Processing” ,

"SAMPE"Z O EBLABEH® L LT, HHROERRBEBVWIS(OH

LERTROATVS, ER, MHBEEBOZHRCBZOERMNIHE
ZLEORRAVRRINTBY, FHRAFUERLIME LTHEE

1000FAVDONRRENTY B,

SEOMBPF— - 2RBVTRINGEOBABTF—5OHRID,
IEHCEETCH VA2 F— 7 NBORANSIRENA LR IATY
BRNEREVF— IR ZAEFEHTAFLLL, AR, HRF— 7 ~—
ARBHAEOBEUREARTOIEETCH - XMERAIANETSH 54,
HBOEBEXLOEEOR I PHNMLKBORMOR, SO, BHTHEE
ENRBENAEBABOF - ATNRBL 2 TULE> TW 3,

Sk, MESHBRELRTL Y, BEORF— s R3PAT B LS
HDETFETHY, B7— 7 RBEL YT, BREEHSFOIFBHNTDMAN
ZE5RHEBLTVS, X, LAMALKELT, HWREEWHAMH L
LTCDOdowr2AREEWLTHRERF - 2 aHRKXDIZ L OINRT— 7
R—AEWETILITETH %,

(1) Lk —., EHaHREERERN, EEHENEY #—, (1376)p.513.

(2) J.S.Benjamin,”Dispersion strengthened superalloys by

(3)
(4

mechanical alloying”,Metallurgical Transactions,
1{1970)2943-2951.

BlARXBEERFELEM, Vol.27(1988), No. 10.
K.Asano,Y.Kohno, A.Kohyama, T.Suzuki and H.Kusanagi,
"Microstructural evolution of an oxide dispersion
strengthened steel under charged

Particle irradiation”,Journal of Nuclear Materials,
155-157¢1988)928-934
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4.

1. 4 %kt 3y 22

(1) WMERILLZ Iy 7 XREEHMH (FRC)

5 Iv 2RIV v 2 AETEHEAMN (FRC) B, EFEL T,
1D B/ 539272, 2) 339 2R/ 271y 220HE8EHMNH
WohB20A—BHUTHS, BEFRCRERFEPLPEAVFEZT LMY v
Z7AETHHOREDHBVWIENBZVDOT, TITHINLEBRAT S
TreT B3, £33 v 2 AEHEEMBORE - MIERIBA R TR
ENTVBEDYTHL, HHHEROFELEH S, BEFANCBERLL0
53 v 7 2A0MAROEEHEZ S MIEDLETHHEIR D LN
£, MEHERBZHKICDOR?, ECCERUDRFRCORHMAEY
BREORRVR2VWTHEHRL, TOo0BEEBEEHR LA o447
F=IR=ZZ20THRBIERT B,

OR 4 WA

ts v 2 AEHAVMHBOT MY v 72 RAVENAIMBE. 1)
Ho52, 2)YH52€53392%, 3)BELYES I v 22, 4) &
ke s3Iy 2 2KMNENB,

Hesz2BLLTid, EB5HB, 713 HB, BHERD 5, #
5273 v aAMH (BRIEF¥F2) O3B FRCO< Y v 7R
VB RBEBOE LT, UFSATAL 2 v Y r—b (LITHIUN-
ALUMINOSILICATES,LASY AN ¥ 2 a7 3/ ¥ )4 —F (CALCIUN-
ALUMINOSILICATES,CAS) , =¥ ¥ o a7 0/ ¥ Y — b (MAGNESI
UM-ALUMINOSILICATES,MAS) R & Rb 3, Ch o OHBOKHME., BE
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