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D  —Select Part and Material(Preliminary)
—Generate Preliminary Design
... —Interact Through DICE Network with Materials Development, Manufacturmg, Test Planning

@ —Generate Preliminary Material Specifications
—Generate Material Data
—Interact Through DICE Network with Design, Manufacturing, Test

®  —Initiate Tool Design
—Interact with Part Design, Manufacturing, Test Planning Through DICE Network
—Order Tooling, Test, Install and Use

@  —Specify Equipment (Including Computers, NDE Equipment)
—Order, Test, Install, Retest

®  —Preliminary Layout of Ultimate “Factory” Facilities and University Lab Facilities
g —Preliminary Layout of Ultimate Equipment

®  —Identify Processes

B —Initiate “Rapid Prototyping” to Generate Prototype Model
—Interact Through DICE Network with Design, Manufacturing, Test
—Select Processes
—Preliminary Demonstration of XD™ Blade Component
~ Preliminary Demonstration of Subscale RSPD MMC Disk
—Ramp-Up to “Full Production” Capability
—Final Demonstration of XD™ Blades
- —Final Demonstration of Full-Scale RSPD MMC Disks

@ —Identify Quality Parameters and Statistical Limits
o —Interact Through DICE Architecture with Part Design, Manufacturing, Test
—Establish Plan for In-Process Quality Assurance

® —1Identify All Process Sensors;Define Specifications
—Procure Prototype Sensors and Test
—Interact Through DICE architecture with Design, Manufacturing, Test
—Incorporate Final Sensor Requirements into Equipment Ordered

—Define NDE Requirements and Defect Specimens
—Fabricate Prototype Defect Specimens
—Test Prototypes .
—Finalize NDE Requirements and Specimens
—Interact Through DICE Architecture with Design, Manufacturing, Test

@  —Finalize Initial Plan(As Proposed)
—Integrate All Subplans into Master Plan
—Finalize Master Plan
—Interact Through DICE Architecture with All Participants

@)’ —Generate Initial Computer Hardware Specifications
—Obtain Quotations-Modify Specifications
—Place Computer Hardware Orders
—Manufacture, Test, Install, Retest
—Install DICE Architecture
—Modify DICE Architecture as Required by Program Activities

@ —Secure and Initiate Funding of Prime and Subcontractors
—Formalize Bussiness Plans
O —Define Alternative Approaches and Backups for Each Phase of Program

HFR 21
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® —Initiate WVU Activity on Center for Current Engineering Research
- —Interact with Administration, Faculty, Curriculum, Students, Oversight Committees, Industrial
Associate Program
—Establish Lab Facilities and Equipment
—Install DICE Architecture and Workstations
—Interact with All Program Participants Through DICE Architecture

- ® —Develop and Integrate IPM Components Not Now Under Development by DARPA
—Install in “Mock-Up” of Factory/Facility ; Test
—Integrate Results Through DICE Architecture with Materials, Design, Manufacturing, and Test

@® ) —Define Specifications for “Design-for-Assembly” Component

~Establish Preliminary Plan for Key Demonstrations ; Define Milestones
{ @) —lterate with Design, Manufacturing, and Test Using DICE Architecture
1 —Conduct Interim Demonstration
/ —Define Final Hardware and Assembly System Configuration, Specifications
i —Conduct Final Demonstration
—Develop Design for Assembly Guidelines

@®  —Develop Physical Models
—Interact with Materials, Design, Manufacturing, and Test Through DICE Architecture
—Incorporate Models into Testing and Demonstrations

D —Develop Designer Cost Models
—Test, Modify, and Integrate Cost Models
~Interact with Materials, Design, Manufacturing, and Test Through DICE Architecture

@ —Develop Engineering Analysis Models
—Test, Modify, and Integrate Analysis Models
—Interact with Materials, Design, Manufacturing, and Test Through DICE Architecture

@  —Identify All Human Issues

' —Secure Commitment and Agreement of Responsibilities

i —Assure Adequate Recognition for All Project Achievements
—Interact Through DICE Architecture

@  —Concept Validation Testing
—Interact and Feedback Through DICE Architecuture O

@ —Begin Planning for Phase II of DARPA DICE Project
—Interact with Materials, Design, Manufacturing, and Test Through DICE Architecture
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A8 X ¥ (Data Representation)

—Design Knowledge Representation

—Constraint-Based Models

—Information Management Data Base

—Graphics Interface$} X-Windows Standard

—I-Bus Architecture Definition and Prototype
Impiementation

Information Architecture Prototype

—VMS Thread Component Elements

—UNIX Thread Component Elements

—Workstation Node Prototype

—Fileserver Node Prototype

—Information Manager Node Prototype

—Local Architecture and Designer’s Worksta-
tion

—File/Data Base Translator Generator

—Knowledge Server and Interface to I-Bus

— Information Modeling

Hardware

Integration and Implementation

—Center for Concurrent Engineering Resea-
rch

—GE Aircraft Engines

—Integration and Implementation of PalS

—User Interface and Graphics Support Sys-
tems

—Operating System Interfaces

Validation

4.3. 21X 3.0 Design Tools

B3 E¢72ES 2HA A AEH

43 B4 Ped JRE 2dsd AASDE
Agsee de/agAs 3ol 72 W
om, Al 308 WBSE tHe3 2t

3kAe CAD Tools
—Process Planning Advisor
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—Fracture Testing -XD™ A=
—Fatigue Testing —RSPD A&
—Creep/Creep Rupture Testing -AEEd #3
—Physical Model Architecture —-Ag54 BA
(Material Behavior Simulator®} 7§ =29 o AAMPY
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From
Processing
Models
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To Life
Models

J& 2) Detailed View of Mechanical Behavior Modeling Task,
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Code Name

Function

Features

DCAP

NSANDS

GCOMP

GENLAM

GELAM

BJSFM

JOINT

HEFHE

Analyzes C-C Composites

Simulates Randomly Oriented
Composite

Analyzes Ceramic Composites

Analyzes Laminates

Analyzes 3D Laminates

Anisotropic Curved Panel Analysis

Models Bolted Joint Stresses

Composite Joint Design

Models Orthogonal 3D Composites
Accounts for Microcracks
Permits Nonlinear Behavior

Models Advanced Weaves and
Multidirectional Braids :

Models Voids,“Weak” Fiber Matrix
Interface

Predict Yield Stress and UTS

Point Stress, In-Plane Loads, and
QOut-of-Plane Moments

3D Anisotropic Plates
Include Shear Deformation
Curved Panels Under Lateral Loads

Predicts Bucking, Mode Shapes,
and Frequencies

. Com%utes In-Plane Stress, Strain,
and

isplacement Distributions
Analyzes Bolted and Bonded Joints




%R

Structure Optimization

Code Name Function Features

ESDU Composite Materials Structure Analyzes Composite Materials and
Structures

WEIBULL Statistical Analysis Program Maximum Likelihood Method for
Variance Analysis

ICAN Integrated Composites Analysis Micromechanical Analysis of Com-
posited Structures

SCARE Reliability Evaluation Fast Fracture Reliability of Monolitic
Ceramic Composites

MSC/NASTRAN Finite Element Modeling 2D and 3D

ANSYS Stresses, Mode Shape, Frequencies

‘SCAMP Composite Airfoil Material Property Determines Proper Ply Layup

Simulation Input to NASTRAN/ANSYS

Uses Blade Geometry and Laminate Data

LCAP Layered Composite Analysis 3D Laminate Finite Element
Pre/Postprocessor for NASTRAN
Models Multi-Ply Layups

PSIZ Parametric Orthotropic Sandwich Simple, User-Friendly Preliminary

Design Aid

i 4) Summary ofLO_ther GEAE Major Analytical Tools

Code Name Function ] Features
Aerodynamnc Design
TAYLOR + Provides Automatic Blade Definition Good Tool for Transonic and Supersonic Blade Design
TRIAD 2D - Solves 2D Euler Equations - Adaptive Triangular Mesh for Excellent Resolution
Good Transonic Prediction Capability
DREL/V + Provides Simultaneous Solution of - Approximates Shock/Boundary Layer Interaction
GILES ?ilc)]uiiugre;; and Boundary Layer . Calculates Losses
EYLER 3D + Solves 3D Euler equations + Good Transonic Prediction Capability
- Relatively Inexpensive
HAH * Solves Elliptic 3D Navier-Stokes - Pinpoints Regions of High Loss
. I;:\';]:g::]lanSophisticated Turbulence * Can Calculate Separated Flow Regions
_Heat Transfer
THTD + Analyzes Thermal Finite-Difference « Allows Steady State or Transient Analyses, Gray-Body
Models Radiation, Surface Flux, Internal Generation, and
Mass Transfer
HOTWIND » Calculates Hot Stress and Average - Allows Input of Radial Work Extraction Profile
Gas Temperatures
+ Allows for Gas Dilution by Cooling Air
YTAWH - Accumulates Film Temperatures for | * Accounts for Different Coolant Exit Temperatures
Multiple Rows of Film Holes + Normalized Results to Initial Relative Blade Temperature
CALIDE + Calculates Flow and Heat Transfer - Accounts for Pumping and Leading Edge Cold-Bridge
in Airfoil Serpentine Passages Effects
Calculates Coolant Exit Temperature
26 W HE 278 43 (1990 10)
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Code Name ' Function , Features

KEPH * Performs a 2D Boundary Layer + Shows Realistic Sensitivity to Freestream Turbulence
?Iil_ael)ys li‘ugs‘ilrglctCheM’ng-Equanon * Indicated Potential Flow Separation on Airfoil

_Mechanical Design

SIESTA - Acts as a Uniformly Integrated Pre- | - Linked to FINITE, MASS, CYANIDE, DISK, and BUCKET
and Postprocessor Operating System CREEP III Programs

MASS + Large Space Structure Analysis Capability

TAMP/MASS | - Performs 2D and 3D Finite Element| - Allows 8-Node isoparametric Elements with Orthotropic
Mechanical Analysis of Space Material Properties
Structures . Laminated Plate Capabiity

CLASS/MASS * Accurate Shell of Revolution Program

2D and 3D + Performs Elastic and Inelastic - Efficient

CYANIDE Stress Analysis . Nonlinear Capability

BUCKET * Determine Blade/Vane Stress and + Efficient

CREEP I Strain Histories While Under Nonli "
Variable Mechanical Loads + Nonlinear Capability

FINITE + Performs Two-Dimensional Finite + Simple, Accurate Program
Element Analyses

site Blade Design Factors

Material Factors
*  Heterogeneous
Anisotropic
“Brittle”-Joint and Attachment Critical
Variable Properties
Design and Fabrication Intimately Related
High Axial Strength and Modulus(Fiber Dependent)
Generally High Wear Resistance
Relatively High Transverse and Through the Thickness Strength and Modulus
— Relative to Polymer Composites '
— Transverse Tensile and Shear Strengths Lower Than Metals
— Matrix Dependent
Generally Higher Temperature Capability
Not Moisture Sensitive(Except for Corrosion)
Generally Lower Coefficient of Thermal Expansion
Tailorable Thermal Conductivity
Engineerable Properties
— Fiber Volume Percent
— Fiber Array in Matrix
— Orientation
Generally Elastic Behavior(Elastic-Plastic for Metals)
Fiber/Matrix Interaction and Thermal Stress a Concern for Large Temperature Cycles

B 27
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Fracture Toughness a Concern
Process Dependent

— Properly Consolidated

— Fiber Placement

— Broken Fibers

— Intermal Contaminates

Mechanical and Physical Factors

Blade Fixity Blade/Stator Interaction(Number of
Blade Containment Blades Versus Number of Stators)
Dovetail Design Interaction of Blade and Casing
Acoustic Requirements Blade Hollow and Locations

Disk Interaction(Blade Disk Coupling) Fiber Orientation

Thermal Environment ‘ Reinforcement Locations

Erosion Characteristics : Leading Edge Treatment
Frequency Behavior(Cambell Diagram) R Platform Design

Tip Treatment ’ Blade/Platform Interaction

Sy

) Metal Matrix Com

Blade Design F

Design Requirements for Blade

Design Mechanical Speeds
Maximum Operation{(100% Design-Point Rotor Speed, Na)
Design (105 Na) |
Design Burst(1.22 Na)
Design Tip Speed
Design Life and Cycles
Operating Life
Operating Cycles at 105% Operating Speed
Vibratory Cycles
Special Conditions
Maximum Blade Root Temperature
Maximum Blade Tip Temperature
Temperatures Selected to Meet Extremely Short-Term Dash Conditions
High-Flexural-Stiffness Blade Design that Operates at 15% Above 2/rev at Na
High-Torsional-Stiffness Design
Stresses within Allowable-Stress-Range Diagram and Having Sufficient Vibratory Margin
Type Airfoil Configuration
Disk Slots to Retain Blade with Adjacent Blade Out
Foreign Object Damage Requirement

28 ‘ B o 28 43 (199 10)
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Blade Aero Design Parameters

Tip Speed

Radius Ratio

Number of Blades

Tip Chord

T Root

Root Camber

Shroud(% Span or None)

Tip Diameter
Number of Blades
Aspect Ratio

Root Chord

Twe Tip

Total Twist

s X

de A 4A
71U % PCB(Printed Circuit Board)
Assembly Advisor 74|

o /M4 2d

LCC B4
4 24y

o #H33 Wy

“Engineous’ 2ZEH o]

EgAge] HAg

LRI LD)
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2} 4.0 Manufacturing

concurrent engineering® A4S 534
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A} (A9 ALS)

o ZRA(AYALY)
o REAZY AA
-XD™ Y AF(2Y 45 F 6 D)
— Plasma SprayE ©]£% tiz23a A%
o Y9 44
— AAE ZHAMu AHA
— AXNE P4 Adad AAAR
o ZYANE

2! 4) Static Cast Ti-45A1+7V% TiB, XD™ Impeller with
Oversized Airfoil.

o u) 33 AAYEAHZ(NDE/QA)
— USQP(Unified Systematic Quality Plan-
ning 9} A4
— SPC(Statistical Process Control) 7189l
=R
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. SELECTION _,
OF COMPOSITIONS
(GE/MML)

-

- "INGOT

_f__;':'_____i______;_;_

FABRICATION .. ..
(2 COMPOSITIONS)

1

‘PRELIM]NARY CASTING TRXALS

| ISy

| “.- . FLUID FLOW = )
: “MODELING .SOFTWARE |

-- PROCESS
MODELING

f

~ PROCESSING RESPONSE
e COMPOSITIONS) $

. & 0000’00

~PREPARE HAND STOCKED - -
EUDO AIRFOIL WAX PA‘ITERNS -
USING EXISTING 2

. CF6-80C2 STAGE III LPTB
: WAX TOOLING . -~

[]

.- CAST PSEUDQ. AIRFOILS :

{1 NCQMPOSI'HON)

i

ROCESS COMPARISONS
NDI -t
METALLOGRAPHY

ROUGH DIMENSIONAL

30

38 5) Proposed XD™ Airfoil Program (Phase 1 and Phase II)
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. .- DESIGN & FABRICATE
- “CAST PREFORM TOOLIN

“““ _ DESIGN & FABRICATE
| INSPECTION GUAGING {

AYE(FY) 19929744 A4 doe 7H33)
243 514tk GEAE(General Electric Aircraft Engi-
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6. £33 Az
6.1. GEAE XX|
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B

12 6) Proposed XD™ Airfoil Program(Phase It) (Concluded)
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$20M
(ROM) |

$20M

$20M- -
(ROM)

' (ROM)

1
i
i
t
1

|

Task 1
Concurrent Engineering
Research Center :

Task 2

Architecture

~ " Active” Blackboard
- Intormation Bus
~  Selected Arch.

Task 3

Design Tools :
— Components
— Assemblies

* Disk/Blisk
= Assemblies

F Structures
i G 1 — " Enhancements ~___ _—_é:__g\

‘_._,__.___'_:: Relinements 7~ ~ " "7~

| * Thermal
| Mismatch
« | Demo
g | XD Blade
| H 2nd lteration Composite
‘__,‘_*__A ond Iter. Blisk

|

| . Transition DICE

1 Technology to Industry
|

Demo
Elevated
Temp

Demo
Integrated

* Surface- Mounted
Hybrid

Aomposite Disk Comp. Disk  Demo

o Demo Sub-Ass
Y. G, G

S e g, e . o e e i e o o s

__.ﬁ.._ T

A=Research Center Definition
(Equipment, Materials, Parts)
B=Initial Sub-Assembly Demo
C=Initial Pseudo-Part Demo
D=Active Blackboard Demo

E=Information Bus Demo

F=Demo for Component Design Tools
G=Demo for Assemblies Design Tool
H=Demo of XD Blade-1st Iteration

Aol 285HE Idr€9 ARe 9P
Atk o] 29 FHLL R £dd Jen
3 1FHHAE|T,

AEED= AA9 #Hdig A74AY Tzade
#2387 98 PF= 2 (matrix organization) &
LSS Qo V]eAHer BERE VB 23
£¢ A9, FAFE A ) AFE 7&H
LTE TEAJ| e "oF ERF &3 B
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8 7) Overall Schedule-5-year Program

g3g 230y #dge 39 249 FAE 934
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YA =9, o5 7EUPEL UE FARES
AYSHEE A HD ol F 54 PP
e g SEAEL g9 AYES TSt
qg71x 8 e Hq3A "ok
o WX 7|&AY L BAAd 2 AN AAY
71e B9 oldzg a7t &8 JEzF o)
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Strategic: Committee

Implementation

e 713 ARANMAE YA Ed
o H EARY -HWM] g3 B Bop2HE
7128 ARAY AFE 7MeA & ZAFY
EEAol EAFT
e g Rl B §5A40 deBE B
O AAY ZAFHE O & ok A4 W
e oA A4 EFF JFE TP
AZP AL o] FoiAy, o|A EF ALK
Wl A Yoo 237 43 A&£HA
~ AHILEIA ol FojhT.

o gAEARC 7153 PJPzFAME B
AFHoln, EAd aHHY dAe 73
(check and balance) Al2=®¢ EA7} 7t%
& Ak,

7}

my cQ fr

6.2. T}H|Z2]

6.2.1. =2HEEH
- zzAEgY GE Beld U@ N5Hd 23
se 13 83} 2t}

B R

~ 8l 8) Functional DICE Organization

GEAE DICEY-& 5/ F& Wga 4] AdAE
33t UtH(GEAE®H GE Corporate Research

Development 91l). GEAE: Zzte) Fejz3x

43 2E 33 A% 92 AR AE
ARA 2 Rold, 19 8¢ N52A FALE
A 4B BE AL BRI I7E A
g Aol

622, R2lo] EM 7|

N&eFA £33 F8& M E BAYE
744, s sdd FEgol JAHA 94EE
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7] YEiME, RE HTFALE] 3" Wi
YR s ud HFYHA 9H 2@¥S
£A3E Aol HgHolth 2y 2RI
2E HEY #Est AR *4312}«1 4-‘?—01‘4
6.2.2.1. ol
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Y515

Ad7) 5ol HAL T Bt & 2¢d £ glod,

FAdde Z&3HA FAYo) stsaAd. Fe
71eddy 4R ARG g3 Hrien,
A e 2 A9 FAd g FldgzE
BEI, 7182 #Ee 415 7)¢0
dupt FAEA STHAert 3 Bopo] ARy
A7 dupd oAl Yest 2gn 7)eq
Hol B AEA FA9 277} W AL
CHIAE A7 58 HrlEA "

6.22.2. ox 7|8

Z23Yd E%9 849 MEe zZzay
A A A g (master plan)olt}. o] YEHFE= x7)9
Z2aY 289 ¥9, ol¥A 72 PHRAEO]
ojFojF HUs}, ofFA YASo] AHoz
X E Aol FE L FuAYo] 2RYoE
ga3h).

a2z %A FYALT date] Euid R
A7 FY AR ) FAA e
A=E FuHolo} P},

Z718AAYL Contract Statement of Work,
AR, 282 AFE AL 7)xstd Ay
g ool ZZAE 2§37 7]¢dYo] &3
Ae 71ezFoz wixHd tgd e 4
PEAL FojA L Y AL J&dn
28983 2 td 3L gozH A
Z23Y AYE PG Z2aY EPe o
HE 2719 HAAYE 27 BAAYH v 23}
BAAYEo]l master plan®} YFAUA HAY
W72 2 Folg A i RIANAYL
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A FAWAA vHold 4 Qo 4d9 AY
A7t olg ¢ AEE AR FAFA oFP A
FEL oty 3189 $AL 4% AFA
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HY, AAAYHE 2 R&AHS e dAA
g8 FAHH, WE FE7IFo] "} d¢ £
ALY, o5 JFAYY 49L& JdF&A Ft

71718 AN i€y HE9 F354 A
olgl 23 o|F& Zo] FFHoth AYd 9
3 HAAYL 1 FxI FE37 ddAMe
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ot T2 BERE BEE WY T2y 4
gL AT AN 98 2 gFez A
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JAA Y3 71 AR A e AEHO2 HES
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AANAYH AFHAAZ] FAN wal, o4
P& =23 BN 2HE Work Authorization
(WA) Formd 4oz ¢4®ch
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AE F1Z AFY E4& 7led) o 4L
3 53 9F £EE IUF A, 93E
digd, au dqiadeed e HAZE A
FET AR5 €k WAY 20 A BAY
o Foltt, EAF FA Ao dnte A o)Al
FoHeste 2 849 B4 €3 At diko]
A BAAYH F¥He 3 o 4L A
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Al g siojof @t

7.2 4

AE7A DICE Z2ad9 AUIME Ey=z
@A v A ¢8=2 A€ concurrent enginee-
ringd AA LAY UF¥E A¥ B A
E9 A NtgAe ZAM FAEE olFd}]
3t AR %o A4 (knowledge) ol ohdt
AFH FALE B n@Hn, HIAR
U A& Ago] Y=, AR HH3
#AHo] FYglol AEHe Aol 2Agm itk
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