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ABSTRACT 

Title of Thesis: An Expert System for Helicopter Conceptual 

Design 

Vit Babuska, Master of Science, 1987 

Thesis directed by: Dr. James A. Fabunmi 
Assistant Professor 
Department of Aerospace Engineering 

The objective of this thesis is to demonstrate the 

applicability of expert systems in helicopter conceptual 

e 5 1gn by developing an expert assistant which aids the d . 

engineer in defining a feasible design configuration. The 

expert assistant combines some experiential knowledge of the 

design engineer with a typical conceptual design algorithm 

to guide the engineer to a reasonable baseline design. The 

expert assistant was developed on a personal computer using 

the expert system shell 
® 

INSIGHT2+ . The design algorithm 

employed is SSPl, a helicopter weight and sizing program 

developed at the us ArmY Applied Technologies Laboratory. A 

set of heuristic rules was developed which attempts to 

simulate the thinking of an expert design engineer using 

SSP! for helicopter conceptual design. The result, a 

Prototy pe expert assistant which aids an engineer in the 

conceptual design phase, demonstrates the feasiblity of 

expert systems in helicopter design. 
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CHAPTER .L 

INTRODUCTION 

Since the introduction of the computer, people have 

Praised it for its ability to perform repetitive 

calculations with great speed and have attempted to endow it 

w. t 1 h the human ability to reason. The science of creating 

intelligent behaviour on computers has come be known as 

artificial intelligence <Al). Al technology has only 

recently emerged from the computer science laboratories to 

th e applications world of engineering. One area of 

en · gineering which uses computers extensively is design 

en · g1neering. The design process relies heavily on the 

expertise of the designer as we! I as on computational 

Programs. Without the expert designer, most computations 

Would be misdirected and useless. Thus, the integration of 

Al technology into a field such as design engineering 

appears most desirable. 

Today, computational fomputer - ~ided ~esign (CAD) 

Programs are used in all stages of the design process. In 

the e I d · h 
ar y stages of aircraft es1gn sue programs are used 

to estimate weight, size and performance of the aircraft. 

ln helicopter design, programs with these objectives include 

"HESCOMP"l <!:!elicopter ~izing and performance COMputer 

p 
M P"

2 

_rogram) developed at Boeing Vertol, "CO A <COmprehensive 

tlission ~nalysis Erogram) developed at Sikorsky Helicopter 

an d "SSP!" (~stem ~nthesis Erogram 1) written at the US 

Army Technical Research Laboratories in St. Louis, Missouri. 
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Recently, expert systems have begun being combined with 

programs 1n sever a a r eas o enginee r ing. traditional des1· gn · l f 

The program "PAPER AIRPLANE"
3 

developed at the 

Massachusettes Institute of Technology <MIT) is a designer 

a ion for designing fixed wing aircraft. In WOr kst t · 

struct 4 ural engineering, "HI-RISE" , written at 

Carnegie - Mel }on University is a system which designs 

multi - st . or1ed buildings. 
While nothing has been published 

to date in the area of helicopter design, 
research is being 

cond ucted in this area at the Georgia Institute of 

Technology as wel 1 as at the Unversity of Maryland. 

This chapter presents background information on 

1 f1cial intel 1 igence and engineering design, specifical Jy art · · 

expert systems and helicopter conceptual design. It 

u es with a discussion of the expert systems tools concJ d 

cons·ct 1 erect for this thesis, 
Chapter 2 defines the scope of 

the Program developed in this thesis and the methodology of 

its ct evelopment. Results, in the form of sample designs 

w h i ch i I I u 
5 

t r a ·1: e t he g 
O 

a I s O f t he t he s i s a r e pr es en t e d i n 

chapter 3. Chapter 4 contains the conclusions and 

recom mendations for future work, 

Expert systems, a}so known as knowledge based systems 

<kBS> t . , a r e the successful products of ex ens1ve research in 

art· l fi cial intel I igence, 
TheY are computer programs having 

buiJt-
1
·n k tt t to produce the same nowledge which a emp 

2 



solut· 6 ion to a problem as would a human expe r t . 
Expert 

sy st ems embody experiential knowledge about a subject and 

thus must be able to manipulate symbols (non-numeric data> 

as well as numbers. 
To date, expert systems have been built 

to interpret data (DENDRAL is a program that interprets soil 

and g 1 . 7 eo og1cal deposit data > plan , monitor processes, 

diagno se diseases <MYCIN is a program which diagnoses 

infectious blood diseases 7 >, predict performance, instruct 

is a program which consults with the user about <SACON · 

appropriate use of a finite element code
6

> and design (the 

Program R 1 configures VAX computers for Digital Equipment 

Corp.), 

Regardless of the area of application, expert systems 

can b e divided into three classes based on their purpose. 

class can be described as a ac ox decision The first "bl k b 

system". This type of expert system requires little or no 

inte raction with people, It makes decisions based on data 

available from internal sources such as other programs and 

Often this type of system is a subprogram in a databases. 

larg er dee· · 1s1on 
The second class of expert 

support system, 

5 Y5 tems can be described as an interactive decision system 

because it requires active participation on the part of the 

Th 
1
·s simply a source of information 

e user, however, 

for th ·t e expert system which it uses when 1 cannot reach a 

This type of system 
is the stereotypical 

conclusion alone. 
The third class of KBS is cal led an "expert exp ert syst em. 

3 



assistant". This type of system incorporates the user into 

the decision process as well as using him as an information 

source. The assistant makes decisions based on its 

knowledge but requires the user's approval to execute the 

decision. Final control over the process rests with the user 

in this type of system. 

The domain of application of an expert system is 

generally very narrow because expertise which can be 

captured and applied is usually in very specialized areas. 

Also, the development of a KBS is a Jabourious task as are 

al I major programming efforts. To keep things at a workable 

size, the scope must be limited and well defined, in this 

case to exercising the conceptual design program SSP1. It 

is not unusual for the scope of the problem being modeled to 

be reduced in order to keep things managable as work 

progresses on the KBS. 

In developing an expert system, the structure of the 

knowledge being represented is a driving factor. The 

knowledge representation scheme must be consistent with the 

natural organization of the knowledge. To that end, several 

schemes such as production rules, semantic networks, and 

f t h b d I d t . . f t· 8 rame sys ems, ave een eve ope o organize 1n orma 10n. 

Production rules are arguably the most common way to 

organize knowledge. They are probably the easist to 

understand. In a production rule system, the knowledge is 

or gan iz ed in an antecedent-consequence format, i.e. IF - THEN 

4 



rules. For example: 

RULE SA-342 Characteristics 
IF the helicopter IS SA-342 
THEN the landing gear IS skids 
AND the number of blades := 3 ' 
AND the tail rotor type IS ducted fan 

This rule contains information about the characteristics of 

the SA 3 - 42 helicopter. 
The first line is a header and the 

body of the rule, ~he IF-THEN block, contains the 

ion regarding the type of landing gear, the number informat· 

of blades (of the main rotor> and the type of tail rotor of 

the SA - 342. The syntax of the rule is very English-like 

making 1· t d d t . b I easy to understan an con a1ns sym o ic 

informat · ion as we! I as numeric data. 

Semantic 

thro h 

networks are a combination of nodes and links 

the knowledge is organized. 
Nodes represent 

ug which 

Objects th , concepts, facts etc. and I inks are e connections 

between the nodes which represent their interrelations. The 

links also create an inheritance web by which data is 
linked 

to nod d es higher than the parent no e. 
Expressing the SA-34 2 

Chara t c eristics 
in a semantic network would look like: 

TAILROTOR 
TVP~ +DUCTED FAN r LANDI NO 

aEAR 
HEL I COPTER~SA-342- -tSK 1 DS 

Frame systems are simila r to semantic networks. The 

network structure is the same but objects are represented by 

fra mes rather than nodes, Whereas nodes are atomic, frames 

contain slois in which declarative and procedural 

5 



information about an object is stored. Using the SA - 3 4 2 

example again, the information would be organized as: 

SLOTS Generic Frame Values SA - 342 Frame Values 

Self AIRCRAFT HELICOPTER 

Name An AIRCRAFT TYPE SA-342 

Landing a GEAR TYPE SKIDS 
~ Gear (def - SKIDS) 

No of the NUMBER of BLADES 
Blades (def 4) 

3 
= 

Tail the TAILROTOR lYPE DUCTED FAN 
Rotor <def = CONVENTIONAL) 

No matter what type of knowledge representation scheme 

is used, al I expert systems have a common structure . 

are th ree basic components in an expert system: 

1. the user interface which is a means for the use r to 

interact with the KBS; 

There 

2 . th e knowledge base which contains facts, heuristic rules 

and Procedural rules (e.g. cal ls to external programs to 

Provide data); 

3 . the inference engine or control strategy which acts upon 

th e data in the knowledge base and any input data to 

Solve the problem. 

The most t · th · f 
important of these componen s 1s e 1n erence 

engine. Usually, the inference engine employs forward or 

backward chaining 

knowledge base. 

strategies for firing the rules in the 

Forward chaining is employed in synthesis 

kBs 5 , 
' ones that design or plan. In the context of a 

Production I 
t rules are fired using the antecedent 

rue sys em, 

condition <IF part) of the rule based on the current 

co I I ect . 
ion of known facts. As consequent propositions are 

6 



defined, the set of known facts is expanded and the 

antecedent conditions of other rules are satisfied. 

Backward chaining is employed in analysis KBSs', ones that 

diagnose, interpret and analyze. Again in the context of a 

production rule system, rules are fired based on satisfying 

the antecendent condition of a rule whose consequent 

proposition is known from facts or from the consequences of 

other rules. 

The person developing an expert system has numerous 

options regarding how to go about the task. An expert 

system can be built from the ground up, using list oriented 

languages such as LISP or PROLOG. These languages are 

appropriate for KBS development because of their recursive 

nature and their abilities to manipulate symbols. Other 

languages however, such as PASCAL and FORTRAN, have been 

successfully applied in writing expert systems. 

A major drawback to building an expert system with LISP 

or PROLOG however, is the amount of effort required in the 

actual coding. Al I the expert system components must be 

developed along with formulating and organizing the 

knowledge for the system. An alternative is to use a 

general purpose representation language such as ROSIE
11 

LOOPS
9 

or OPss 10
. These languages have been designed 

specifically for KBS development. They have an implied 

structure for the organization of the knowledge <OPS5 is 

rule-based; LOOPS is a frame system; ROSIE is rule - based 

7 



with a very English like syntax) and retain some 
of the 

flexibility of a general programming language. 

Representation languages are often the choice for 
developing 

large complex expert systems. 

A third tool for KBS development is an expert 
6 Ystem 9 9 

shel I such as KMS, EXPERT, Personal Consultant 1 2 , or 
INSIGHT2+

13
. The discrete nature of the components of 

expert systems, i.e. the independence of the knowledge base 

from the inference engine, has spawned these systems which 

combine an inference engine with a knowledge base skeleton 

user interface, explanation module, knowledge base editor 

, 

etc. The expert system developer is relieved of a large 

portion of the work involved in using programming languages 

therby shifting the major focus to knowledge organization 

and formulation within the structure of the she) 1. 

1.1.1 Engineering Expert Systems 

Solving problems in engineering fields with expert 

systems differs from areas such as medical diagnosis CHY C lN > 

where expert systems have shown great success, in one 

critical respect. An engineering problem can rarely be 

solved on the sole basis of experience about the problem. 

The expert who is solving the problem, often employs 

computational programs to get information and accesses data 

in reference books. This implies that the engineering 

expert system must be able to combine reasoning about the 

problem with significant computations and access to relevent 

8 



General Jy, the computations required already 

exist in the form of a stand alone program (e.g. • 
in this 

databases. 

case SSP1) so the expert system must be able to org . 
an1ze the 

input for the program, run it, and extract the needed 

information for inclusion in the knowledge base. 
As shown 

in figure 1.1, the components of a typical engineering 

expert system include the user interface, the inference 

engine and the computational element(s). The user 1·nt erface 
should provide efficient communication between the 

engineer 
and the KBS. This can be done by using menus, graphics and 

natural language to solicit information from the user and 

report results. The logic element contains the rule 

database, which stores the experience and knowledge about a 

specific problem, the attribute or fact database which 

stores the information about the problem being solved, and 

the inference engine which fires the rules in the rule 

database. The computational element contains the application 

programs such as SSP1 which implement design or analysis 

calculations. 

h__g_ Engineering Design 

The typical design process is usually formalized into 

at least four levels or components; the trend study, 

conceptual design, preliminary design and production 

d 
. 14 es1gn < In practice however, there are feedback loops to 

previous stages when requirements are found to be 

unsatisfied). Each subsequent component of the design 

9 



process represents a higher level of detail. The trend 
study is the least complex. In it, requirements are def. 

1nect 
and direction is provided for the more detailed studie s. 
During the conceptual design phase, configurations are 

analyzed and compared. Important aspects of the design are 
investigated and defined. In helicopter design, these 

include the type of helicopter, the number of blades, disk 

loading and tip speed, among others. Furthermore, 

preliminary weight, sizing and cost estimates are made along 

with recommendations for the next phases (fig. 1.2> 14 . 

Preliminary design is where the parameters identified in the 

conceptual design phase are defined more precisely. An 

in - depth study of the configuration is performed and data is 

obtained from physical models <e.g. wind tunnel tests) and 

from detailed computations. In the final phase, production 

design, a commitment is made to develop a prototype and 

detailed studies on all subsystems of the aircraft are done 

. 14 to support the production commitment • 

The conceptual design phase of helicopter design 

includes, but is not limited to, the definition of major 

components such as the main rotor type (articulated, 

teetering, etc.), the tai I rotor type (conventional or 

fenestron), and the engine. A typical sequence in 

conceptual design is shown in figure 1.3, adapted from 

reference 14 . 

Computers in the form of computer aided design systems 

10 



<CAD systems) , are introduced in this phase to aid the 

designer. Generally, previous generation CAD systems have 

been deficient 
. . 15 1n three maJor areas 

l. They are not intel Jigent; They accept inputs without 

checking for errors and they cannot provide answers to 

the d · es1gners questions, 

2. Inconvenient user-program interface; The structure of the 

design input data is usually not consistant with the 

th0 ught process involved in design. 
This promotes 

mistakes and decreases efficiency. 

3 · A non - integrated environment; Most CAD programs cannot 

interface with other programs and the designer must 

translate data from one system and feed it into another. 

Integrating knowledge based systems with CAD systems is an 

effective way to overcome these problems. 

In helicopter conceptual design, computational programs 

such as HE b d t st b I. h h. I SCOMP or SSPl can e use o e a 1s ve 1c e 

Size < rotor diameter, boom length, fin size etc.), vehicle 

Weight ff f th and engine size, These programs su er rom e 

Prob! b. · th ' th ems of most CAD systems and com 1n1ng em w1 an 
expert b f·t As sh · system would have obvious ene 1 . own 1n 

figure 1. 2, b
' and the designer's experience 

'rules of thum 

a.re v·t 1 al 

knows h ow 

in the conceptual design phase. 
The designer 

he wants to use HESCOMP or SSP1 to achieve a 

des1 gn configuration. 
ThiS implies that the designer's 

experience and his •rules of thumb' can be incorporated into 

11 



an ex pert system to make the interface to the program 

intelligent, i.e. suggest proper input information, catch 

inconsistent input, and explain the relationships between 

Parameters in the context of design and also in the context 

of th e program. 
This also addresses the second problem, 

i.e. incomprehensible interface. 
The expert system can 

accept d ata from the user and reformat it to feed to SSPl or 

HESCOMP. On output the results can be interpreted and 

evaluated by the expert system and suggestions can be made 

about h" w 1ch parameters to alter to achieve the best 

cont· iguration ("best" must be predefined for the KBS>. 

in the conceptual design cycle (fig t.3>, a cost Later • 

analysis is usually done on the feasible designs with 

another computer program. 
This points to the third problem, 

Program interface. 
The designer must extract relevant data 

input and output parameters of the design program and from . 

feed them to the cost program. 
A KBS would link the two 

Programs , extract data from one, 
reformat it and feed it to 

the other. 

In reality, conceptual design is more complex than 

excersiz• t 1 . 1ng HESCOMP or SSP1 and a cos ana ys1s program. 

Other analyses are performed, other computational programs 

are . involved and more feedback loops are present. This only 

makes it more important to link systems, and provide 

int el ligent interfaces throughout the design CAD system. 

l,3 Th ~ - esis Expert Syste,!!!. 19ol.§. 

12 



In this thesis, the focus is on codifying the knowledge 

and experience in helicopter conceptual design rather than 

on p rogramming the components of an expert system. To that 

end, general purpose representation languages and she! ls 

were considered as development tools and a programming 

language such as LISP was not. 
ROSIE, a representation 

language, and INSIGHT2+, a small production rule shel 1, 

chosen as 

were 

models in the two classes within the scope of 

available resources. 
Each has advantages and disadvantages . 

ROSIE, developed by the RAND corporation, is a rule 

based general representation language which structures rules 

Using a form of stylized English. 
It separates rules into 

a egories, declarative and deductive. The knowledge two ct 

base consists of a collection of declarative rules. For 

example, a declarative rule defining the SA-342 tail rotor 

Would be written as: 

The tail rotor type OF the SA - 342 JS a ducted fan. 

These rules can be organized into local knowledge bases to 

naturally separate information. 
Each helicopter has its o wn 

knowledge base which contains information about it. 

knowledge base info I rmation can be retrieved to a centra 

it . 
ls needed. 

Deductive rules are stored separately 

Th i s 

as 

in 

modui es called rulesets, 

ruiesets as ordinary procedures. 

The inference engine fires 

Relations between objects 

are def· 
1 

t of ruleset - generators. A ined using a specia ype 

generator ruleset defines elements of a computed set. For 

13 



example, 
the ruJeset defining the category of helicopter 

based on 
gross weight and useful load would be written as: 

When 

To Generate CATEGORY: 

[JJ Let the USEFUL_LOAD be (the GROSS_ WGT - the 

EMPTY _ WGT;. 

f 2 J Choose situation: 

End. 

ff the GROSS_WGT < (6000 lbs) and the USEFUL_LDAD < 

<1500 lbs) 

Produce "light observation" 

ff the GROSS_WGT < (6000 lbs) 

Produce "light utility" 

Default: 

Produce "vnknown ". 

another rule requires the category of helicopter, ROSIE 

W i I I 
Use this generator to define the category . Thus, 

attributes of objects are defined deductively as wel I as 

The flexibility in defining and organizing rules is the 

Pr· 
lncipaJ advantage of using ROSIE. However, there are 

Sign · f 1 icant disadvantages as well. Al though external 

Progr 
ams can theoretical Jy be activated from within the 

RosIE 
environment using INTERLISP functions, this proved 

"er . 
y dlfficult on the VAX/VMS 750 on which ROSIE was 

implemented. The other major drawback is the proccessing 

lime . 
1 nv0Jved. Rulese ts must be compiled through INTERLISP 

"-'hi c h 
requires a large amount of processing time (CPU time). 

INSIGHT2+ is a production rule she I I developed for 

Ms - nose 
based personal computers. Al I information is 

14 



in rules using a simple IF - THEN syntax like that represented . 

presented in section 2.1. The system naturally uses a 

backward chaining strategy but can perform forward chaining 

as we I I . INSIGHT2+ pursues a goal or a hierarchy of goals 

Which are proven or disproven by a network of rules. Two 

types of rules are 
supported; procedural rules which are 

i nd ependent of any antecedents and deductive rules which are 

typical IF-THEN rules that change the facts in the knowledge 

base. External p r ograms can be cal led from within an 

INSIGHT2+ expert system with the only difficulty being the 

gid format of passing parameters to external programs. ri · 

Because JNSIGHT2+ is a PC based she! I, there is a limit 

to the amount of numerical computing which can be done 
<in a 

FORTRAN program for example) in a reasonable amount of time. 

•• if the PC has math co-processor, computing power Howeve"' 

imitations are Jess critical.The advantage of using a 1 . 

na computer for expert system programs is its Perso 1 

input-output facilities. A PC provides greater flexiblity 

for Presenting information (e.g. standard menus or custom 

signed screens) than is available on a main frame de · 

computer. 

INSIGHT2+ has some advantages and drawbacks because it 

is a complete system for developing and executing knowledge 

bases. 'd f i The primary advantage is that it provi es ac lities 

such as trace back and querY procedures which the deve l oper 

can use fo"' db . the knowledge base and the user can • e ugg1ng 
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use for d 
un erstanding the flow of control in the expert 

system. The disadvantage is that an expert system cannot 

exi st as a stand alone program and hence is not 

transportable without INSIGHT2+. 

Considering the advantages and disadvantages of both 

ROSIE and INSIGHT2+, it was decided that a main frame 

computer was not necessary for the computing that needs to 

be done. Also, the knowledge could be adequately 

represented in the rigid IF-THEN structure of INSIGHT2+ and 

th
e input/output and development facilities on the personal 

computer were better than that of ROSIE on the main frame 

computer. Thus, the expert system was developed with 

lNSIGHT2+ on a PC. 
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CHAPTER ti 

PROBLEM FORMULATION AND METHODOLOGY 

This chapter describes the goal of the thesis and 

Presents XSP! in the context of an ideal expert assistant 

for helicopter conceptual design. A detailed discussion of 

t he components of XSP1 is included in this chapter as we) 1. 

~ Th - esis Objective 

The objective of this thesis is to create a prototype 

expert system assistant for helicopter conceptual · design 

\Jsing an expert system shell and the design program SSPl . 

The expert system should be able to help the user define the 

best . 
configuration or design which will satisfy the design 

goaJs. The best design is defined as one which achieves: 

1 > the acceptable gross weight within the constraints of the 

de · sign specifications; 

2) 
an overaJ I size to satisfy the design goals. 

As discussed in chapter 1, there are three classes of 

expe 
rt systems which can be defined. For conceptual design 

Of aircraft, helicopters, the best type of 
in this case 

expert system is the expert assistant. This type of KBS 

Conta· ins the basic design knowledge and st i I I al I ows the 

\Jser f 
f h d " 

lexibility to override decisions i e 1sagrees with 

a. 
conclusion or if the knowledge base is found to be 

incomplete. Only when rules can be defined for all design 

Possibilities, can the designer be removed from the decision 

ControJ of the expert system. 
Since the problem of design 
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is very complex and new considerations often arise, this is 

very difficult. 

0 Cha racteristics Qi. §11 ideal expert assistant for 

helicopter conceptual design 

The ideal expert assistant in helicopter conceptual 

able to supper complete conceptual design would be t the 

design phase as shown in figure 3 . 
It should be able to: 

l) know what information must be extracted from an RFP 

<Request for Eroposal) to achieve a design configuration; 

2) accept other data, which may be unique to a specific RFP, 

into its reasoning sequence; 

3) minimize the designer's effort in specifying parameters 

and conditions by maintaining a database of typical 

design specifications; 

4) support a variety of complex design goals; 

5) evaluate and compare different configurations and 

components and suggest improvements to the design within 

the confines of the RFP specifications; 

6) organize different design and analysis tools such as 

Weight/sizing programs, performance analysis codes, cost 

analysis programs and structural design programs so that 

they are h th designer's thought process; 
consistent wit e 

7
> tr • · and identify trends for 

ack the designer's decisions 

Possible inclusion as rules or knowledge base data. 

Th 
· knowing what information is 

e first characterisitic, 

required from the RFP, 
is intended to help the user extract 
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necess . ary information. 
RFPs wil 1 usually s pecify some basic 

irements that are independent of the con figuration such requ · 

as th e type of he! icopter (attack, heavy 1 ift etc. ) or 

m ownwash velocity. maximu d 
The expert assistant should know 

these requirements. 

The second characteristic addresses the unique 

specifications found in all RFPs. 
Because RFPs contain 

different qualifications for the design, the expert 

assistant must be flexible enough to accept non-standard 

a ion and apply it toward the design configuration. inform t· 

The expert assistant should maintain some common data 

such as a library of mission profiles which can be used by 

the de . signer. Jf the designer cannot use the data contain ed 

in the expert assistant, he can modify it or use his own 

data. This is the third feature. 

The fourth feature, the capability of supporting 

various design goals, 
is required to give the expert 

ass· istant maximum flexibility. The design goals of a heavy 

I i f t h . el1copter are vastlY differ e nt from an advanced atta c k 

he Ii copter. t b b I t h d 1 The expert assistant mus ea e o an e the 

Object· ives for these helicopters and those between them. 

The expert assistant 

helicopter 

must have knowledge of different 

configurations such as tandems, 

he I· icopters and co-axial one s . 

compound 

Jt must b e able to quickly 

e I· l mi nate those which cannot meet the design objectives and 

sug 
gest t of each configuration to 

ways to change parame ers 
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achieve th e best design with that configuration. Fina I I y, 

per assistant must be able to analyze the different the ex t 

design sand recommend one, 
This is the fifth feature. 

The sixth characteristic addresses the expert 

assiS t ant's role as an intelligent interface between 
various 

algorithmic programs. The designer should not be concerned 

of using t e compu er programs (formatting Wi th th e deta1·1s h t 

design data from one program to fit another). 
The expert 

assist ant should have the capability to move data between 

separately developed algorithmic codes with minimal action 

of the designer. 

Finally, the expert assistant should be able to record 

sessions with the designer and reason about the way the 

signer uses the expert assistant so it can suggest de · 

imp rovements to its rules or additions to the data in its 

base. This feature is important as a self knowledge 

rnon·t 1 0
ring device so that the assistant's developer can keep 

current and customized to the designer's needs. it 

2.2 Th --==-~expert assistan.i ~Pl 

Obviously, 

system to 

the task of creating a knowledge based 

complete conceptual design process 
as 

support the 

the ideal expert assistant would be one of epic 

The expert assistant in this thesis, XSPl, 

out1 ined . ln 

Prop ortions. 

5 
not attempt to be the ideal conceptual design KBS. 

I t 
doe 

was d eveJoped using the helicopter design and expert system 

loo1 s available <SSPl and JNSIGHT2+). 
It is a subset of the 
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ideal expert assistant outlined both in the features it 

c ontains and in the scope of those features. 

1) XSP1 asks the user to provide some minimum 

information which is standard in most RFPs. 

2) XSP1 can handle some specifications which may be 

defined in some RFPs <e.g. limits on disk loading or 

constraints on overall size). 

3) XSP1 maintains a database of mission profiles and 

helicopter parameters which reduces the user's 

data input efforts. 

4) XSP1 supports only one design goal - minimum 

helicopter gross weight and acceptable size. 

5) XSP1 only deals with conventional single rotor 

helicopters. 

6) XSP1 only handles helicopter weight and sizing and 

does not incorporate any other design programs such 

as a helicopter performance analysis program. 

7) XSP1 does not track sessions and suggest rule 

updates. 

2.3 Components Q.f_ XSP1 

As stated previously, XSP1 is based around the design 

program SSP1. It is divided into two major components: 

parameter specification and design iteration. The first 

component is concerned with defining some baseline 

parameters on which to base the design. The second 

component is an iterative loop which combines numerical 
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opt1·m · ization with 
a knowledge based procedure to achieve the 

f' inaJ design. 

2.3 1 p - · arameter Specification 

The parameters which need to be specified to produce a 

baseline configuration for the design fall into two 

categor· 1es. 
In the first category are the macro parameters 

lch are the helicopter prototype, the engine mission Wh' 

Profile t . e c. 
The second category of parameters is the 

specif' ic parameters such as the tai I rotor type, the number 

of blades on the rotors, etc. 

~ 3. 1. 1 The Macro Parameters 

In an RFP the type of helicopter required is often 
one 

of the f' 1rst things specified. 
This categorization is 

I.Jsua 11 Y based on activities in which the helicopter wil 1 be 

involved such as combat reconnaisance or search and rescue. 

Ra ther than categorizing helicopter s on the basis of 

ant1 • cipated missions, XSP1 divides them by size and weight 

into f our categories, attack, cargo uti I ity, I ight uti I ity 

anct I. ight observation, which cover the spectrum of possible 

Uses. Specifically, XSP1 categorizes helicopters by their 

gross Weight, useful load capability and passenger capacity 

<to represent volume>. Helicopters are classified as: 

att ack if the capacity (including the pilot) is 
passenger 

1 ess than 3 I • peop e, 

Car go 1.Jti1
1

·ty 
1

. f weight is greater than 6000 lbs 
the gross 
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and the useful Joad is greater than 3500 lbs and the 

passenger capacity is more than 9 people; 

I ight utility if gross weight is less than 6000 lb s and 

useful load is greater than 1500 lbs; 

light observation if the gross weight is Jess than 6000 lbs 

and the useful Joad is Jess than 3500 lbs. 

Using these designations, the eight helicopters in the 

database can be categorized: 

attack { AH-15 

cargo utility 
{ UH-1H 

CH-3E 

{ 
B0 - 105 

light utility 
SA - 342 

{ 

OH-6 
light observation OH-13S 

OH - 58A 

<Only these eight prototypes are used because complete data 

needed to run SSP1 exists for these helicopters). Clearly 

these categorizations are very broad. To help the 

designer specify a category if these are not sufficient, 

XSP1 defines some subcategories: 

{ 

- search and rescue; 
cargo utility - personnel transport; 

{ 
- VIP transpo rt; 

light util i ty - air ambulance; 

{ 
-_ trainer; light observation personal transport; 

Knowing the category of helicopter, XSP1 can reduce the 

set of helicopters on which to base the design. To redu c e 
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the set further , XSP1 separates the helicopters in each 

category by some defining characteristics. 
For attack 

helicopters th1·s 
is not done for there is only one possible 

Prototype in the attack category. 
If the user is designing 

an attack helicopter, XSP1 wil I always suggest the AH - 1S. 

In the cargo utility category, XSP1 uses the useful 

differentiate between the helicopters. 
The useful 

load to 

load is defined as the difference between the gross weight 

and the empty weight where the empty weight includes any 

residuals 
16 

a 170 lb pilot 
The UH - 1H has a useful load 

and 

capab· 1 • l 1ty of 
3950 lbs compared to 8750 lbs for the CH - 3E

16 

If the user's useful load requirement is <table 2. 1). 

greater than 5200 lbs then XSP1 will suggest the CH-3E. 

between 3500 lbs and 5200 Jbs, XSP1 wil I Useful I oads 

sug gest the UH-1H. If the useful 
load specified is less 

For 

than 3500 I bs, 

the category of helicopter because either the B0-105 (useful 

I bs) or the sA-342 ( usefu I I oad 2200 1 bs) may be a 

XSP1 gives the user the option to redefine 

load 2700 

If the option is rejected, XSP1 suggests the better choice. 

In the light utilitY category, the helicopters are 

diffe rentiated by gross weight and overal I performance 

<table 2.2). The 
80

_
10

5 weighs 1000 lbs more than the 

SA-342 but flies faster (132 kts to 125 kts sea level cruise 

has a higher service ceiling (17000 ft to 13500 ft) 

ab I
· b (2000 fpm to 13500 fpm at sea 

etter rate of c 1m 
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Other features such as the yaw control device <the 

BD - 105 h as a conventional tail rotor and the SA-342 uses a 

1 eve 1). 

fen estron) may be important but are not used to 

ct· lfferentiate between the helicopters. 

In the light observation category, the choice of 

Paramet ers for differentiating the helicopters is not 
50 

Clear. The OH - 6 and oH-58A are very similar and either 

could b e used as a baseline prototype for a light 

observat · ion helicopter. 
The OH-135 is the oldest and 

slowest of 16 the three (table 2.3), 
Its mission 

1es are different from the other two and thus the capabi11·t· 

ls separated from the OH-6 and the OH-58A. If the OH - 13s · 

User d oes not want to use the OH-13S as a baseline 

Protot Ype, XSP! suggests that the user should use both 

remain • ing helicopters and compare the final designs . XSP1 

"'i 1 1 compare the final designs with each prototype on the 

bas· ls of gross weight, total intermediate rated power <IRP ) , 

disk C loading and _t and recommend one configuration based on 

the c relative values of these four parameters. If the user 

decides not to compare designs, he must specify which 

he I· icopter t he wants as the baseline proto ype. 

Once the baseline prototype is defined, XSPl fills in 

lhe hub type and the landing gear type for the helicopter 

Again, if the user rejects the data, he must 

specify i· t him se lf, 

teeter· d ' ing and rigid; and two types of Jan 1ng gear: wheels 

There are three hub types: articulated, 
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a nd skids; available. 
This data is used by the design 

Program to estimate weight of the hub and landing gear. The 

choice has no effect on the aerodynamic calculations in the 

design algorithm. 

In defining an engine which will be used with the 

Prototype helicopter, XSP1 divides the available engines 

into th ree classes: light, medium and heavy engines. The 

division is by intermediate rated power (IRP) at standard 
All engines in the 

sea level conditions (tables 2,4a,b,c), 

same class as 
the engine which is native to the helicopter 

are evaluated. The "best" engine is the one with the 

highest power d 
to weight ratios (both IRP an maximum 

cont· Al I engines 
in the same class as 

inuous po MCP). wer, 

the . original one are displayed along with a power to weight 

rating and the user has the option to reject the original 

engine , the one suggested by XSP1. 
If the engine is 

re· Jectect, the user defines the engine from the set of 

avai I able engines. 

The last macro parameter is the mission profile. 
XSP1 

suggests a t f mission profile based on the ca egory o 
There are six mission profiles he I· leapt er being designed. 

in t he XSP1 
library (tables 2.5a,b to 2.1oa,b> which are 

adapted f attack mission, a cargo 
rom reference 19; an 

a medevac mission, a 
Ill i Ss. ion, an escort mission, 
reconaissance mission and a search and rescue mission. The 

Use r has the option to accept, reject or modify the 
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suggested mission profile. If he rejects it, he must 

spe . c1fy one from the library. 
If no mission satisfies the 

user's requirements identically, one must be modified. 
In 

ing a mission profile, the user can change any part of modify · 

the 1s requ1remen s. mission to su1·t h " · t 

The only parameters defined by XSP1 without the user's 

approval are the engine sizing conditions. When computing 

the power required, SSP1 sizes the engine to conditions 

<altitude , temperature and velocity) which must be defined 

The sizing point must be defined such that the 

Power available from the installed engine is never less than 

for it . 

the :requ· ired power at anY point in the mission. 

enct, 

To that 

the 
engine sizing point is based on the mission profile 

anct XSP! does not solicit approval from the user in defining 

it. XSP! sizes the engine to the point in the mission where 

the Velocity is greatest and to hover at 4000 

the h" ighest altitude required in the mission, 

greater. 

av a· 
i I a b I e 

th e event 

ft, 95 °F 

which ever is 

These conditions will almost always produce 

power which is greater than required power. 

that they do not, 

inc reasect by 5 

iooo feet. 

or 

In 

the speed at the sizing point is 

knots and the hover altitude is increased 

In the event that this too fails to reconcile 

ava· 
liable the user must change the 

and required power, 

lniss· ion :requirements. It is however, verY rare that an 

ace eptable engine sizing point is not found so the user wil I 

airnost never encounter thiS problem . 
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2.3 1 2 Th 
~~Specific Parameters 

Specific parameters are those which are unique to the 

Protot 
Ype helicopter and engine. Using SSP1 in its original 

form (w·th 1 out XSP1), there are 62 specific parameters which 

XSP1 is only concerned with 16 of them 
can be adjusted. 

<tabJe 2.11). It adds six parameters not in the original 62 

to bring the total number of specific parameters to 22. 

Six 
C 

are upper and lower limits on -t, disk loading (di), 
C 

tip 

The 

and 

Speed (Vt). 

Which . 
minimizes 

They are used in the numerical optimization 

ct 
gross weight as a function of~• di, Vt. 

Rather than altering any specific parameters, XSP1 lets the 

User 
change them. No advice is given regarding which 

Par-amt 
e er should be modified but information on the effects 

Of Ch 
anging a parameter are available to the user. The 

expert . 
assistant in this thesis is not sophisticated enough 

to def· 
·th· 

1 ne an optimum parameter combination w1 1n the 

r-est . 
rictions of a particular RFP. It can only explain to 

the 
User the ramifications of changing a parameter value. 

'l'he 
most important parameter in the list is the required 

Payload 
<parameter 10, RPL), The user must define the 

Payload Weight which the design is to support. The payload 

"-'eight 1· 5 

f J load, rather it is 

not the same as the use u 

PayJ 0 ad = Useful load - fuel weight + 170 lb pilot. 

'l'he d 
is 2000 lbs. 

efauJt payload weight for all designs 

2.3 2 
~ ~sign Iteration 
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e es1gn oop 1n w 1ch The second part of XSP1 1· s th d · I · h . 

SSP1 · ls used to def1'ne a des1· gn f'g t· con 1 ura 10n. The process 

works on two levels. 
The first is a numerical minimization 

of gross C weight as a function of - t., di and Vt.. 
The second 

O' 

leveJ is an interactive 
loop which involves the remaining 

specific parameters and optionally the prototype helicopter. 

eSign iteration Joops are outlined in figure 2.1. The ct . 

· Numerical Minimization Q.f.. Gross Weight s3.2 1 

The numerical minimization of the gross weight is done 

in a F ORTRAN program which uses the SSP1 design procedure 

the f unctional. The minimum gross weight is determined 

as 

Using Po d t· 17 Wei l's method of conjugate irec ions . 
The search 

is defined by the upper and lower limits on the design space . 

var i ab I es ~ t. (c ] (c ] a,' di, and Vt. ( Loot. L' loot. ff' dlL, dla, vt.L' vt.H 
a Penalty function type method is used to keep the anct 

is a zero 
funct· ional I in the feasib e space. 

Powell's method 

orct er method which amasses information about the search 

directi ons in order to improve the design on each search 

iterat· th · · ion. The method should converge to e m1n1mum after 

N+1 search directions (N is the number of design variables; 

ls case 3) for IocallY convex functions assuming the in th· 

0 ne dimensional searches produce true minimums in their 

respect· i ve directions. 
P•rformed by computing three points at which the function is 

not 

The one dimensional search is 

always increasing or decreasing and fitting a parabola 

to th em. The point at which the parabola is minimum is 
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computed and the function evaluated. 
If the function is 

less than the function at the middle point of the three 

wh· ined the parabola, the directional minimum is lch def " 

determined. If the point is larger, it replaces one of the 

three and a new parabola is computed. 
This shrinking 

s ls stopped after three tries and the minimum of the Proces . 

thr ee points is defined as the directional minimum. 

Powell's method is a good choice as a minimization procedure 

t b f t
. . C 

beca use gross 
weight appears o ea convex unc 10n 1n _t C, 

it is robust and 
and di <figures 2.2, 2.3), 

Furthermore, 

easy t 0 develop. 

act · vise the user 

~2.2 ----= Expert System b_QOJ?.. 

The expert system Joop serves two purposes. 
One is to 

how to adjust the initial paramter 

if it is not feasible, 
i.e. SSP1 is unable to 

comb · inat· ion 
1ne t The other 1·s to achieve the determ· a gross weigh• 

over a J J f · t · design goal which is to define a con 1gura 10n with 

a minimum weight and an acceptable size. 

Occasionally, if the mission requirements are very 

seve re <e.g. 
200 kts, 4Q00 ft, 95°F), SSPl wil I not be able 

to converge 

Set. 

to a gross weight with the initial parameter 

Since the optimization requires a feasible starting 

Point t J , the user must adjust the initial parame er va ues. 

llsua11 . i ·t· I I Y, this only invoJves changing the n1 ia va ues of 

lhe 
O 

. C Th Plimizat1· on t s _ t di, and V1.• e most parame er O • 

imp ortant parameter is disk Joading, 

XSPl first advises the 
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user t 0 
change the initial values of the optimization 

parameters , specifically di. The second suggestion i s to 

redu ce the payload. The third is to try a new baseline 

Protot Ype and the fourth is to re l ax the mission profile 

req • u1rements. 

After an optimized gross weight is determined, XSPl can 

advise the user on how best to adjust the weight or change 

size of the helicopter. These two objectives are not the · 

nee essarily 

cont· 

independent. 
To change the size of the 

XSPl suggests three avenues which the 
user 

igurat· 10n, 

may want to fo 11 ow. First, 
the number of blades of the main 

roto r c a n be increased. 
This will reduce the size of the 

m . a1n rotor which reduces overall size. 
The weights of the 

he 1 i copter components are computed based on the main rotor 

radius 18 and the number of blades among other parameters . 

The Weights of the bodY and rotor are defined as: 

\.I O t.>"9 0 . 6!54 
Body = 0. 02665 •Wa · •R 

\,JMR = { 1.s4 •b•c•Rt.
5 

Articulated rotor 

0.94•b•c•Rt - 75 Teetering and Rigid rotors 

This means 
that increasing the number of blades wil I also 

red Uce the 
The for reducing the helicopter size 

second suggestion 

is t o h c ange t he boundaries on disk loading. The size of 

th
e main function of disk loading. The 

rotor is a largelY a 

ra1 1rJ 
ationshi·p v~ < 0 i.e. higher disk loadings 

is such that ~I • 

overal 1 weight. 
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mean smaller rotors. 
Since disk loading is an optimization 

Parameter • the user must reduce the search space by 

increasing the boundries on disk loading. 
If the minimum 

gross weight 

then the user 

i s l o cat e d at ( ~ t) 
0

, d I 0 , V 1.} and d 1 0 < d l H• 

must at least increase dlL so that dl 0 < d!L • 

If d I 
0 = d l H• 

then the user must increase din• 

The th1· rd · t b I. suggestion 1s o change the ase 1ne 

Prototype to a smaller helicopter. 
This is not guaranteed 

to Produce a smaller helicopter because the objective of the 

des· ign process 1·s t th · d I d · 
to suppor e require pay oa weight. 

When changing the baseline prototype, the hub type landing 

If a better engine 
gear t Ype and engine must be redefined. 

is Used the b I I configuration may e sma er. 
Changing to a new 

is restarting 
Prototype is 

the design. 

a last resort which, 
in essence, 

an acce t P able weight. 

These three suggestions are by no means the only 

Possibl e ways to reduce the size of the configuration, 

how ever they · 1 I b · are the most phys1ca yo v1ous. 

Change any specific parameter, 

The user can 

not just the ones suggested. 

he retains final control over the design process. 

The second half of the design objective is to achieve 

is sometimes less than the designer expects, XSP1 gives the 

Us er the option to either increase or decrease the weight of 

the design. If the weight is lower than expected, the 

des · ign can support a larger payload so XSP!'s primary advice 

Because the weight determined by SSP1 
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is to increase the required payload. Another option is to 

make the mission profile more severe. A lower than expected 

gross weight signifies that the design requirements can be 

met with a more severe mission profile. The relationship 

between power and gross weight is such that more installed 

power generates a higher gross weight. Hence, since a more 

severe mission profi Je requires more power, it wi 11 increase 

weight. The user can modify the mission requirements and 

run the design again. The third option which XSP1 presents 

is choosing a larger baseline helicopter. 

More often the designer will try to decrease the design 

weight rather than al low it to increase. XSP1 offers the 

user four pieces of advise to reduce the design weight. 

First, the twist of the main rotor blades can be increased. 

The greatest benefit from increasing the twist is in 

missions,such as attack missions, which require high speed 

flight. Cargo helicopters which are not required to fly at 

high speeds experience smaller benefits. 

this rule is that highly twisted blades 

The reason behind 

0 
Cup to about 13) 

delay blade stal I since twist unloads the tips by reducing 

the tip angles of attack. Compressibility losses are 

reduced because the tip critical Mach number is increased at 

reduced lift coefficients. 

The second piece of advice is to try a fenestron rather 

than a conventional tail rotor. This rule is based on the 

method by which SSP1 computes tail rotor power required. 
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The ma thematical model for tail rotor power required 

Produces 
I 18 
ower induced power for a ducted fan 

This 

translates to a lower design gross weight for missions which 

are low speed and hover/vertical climb missions. For 

designs which require high speed flight, a ducted fan 

Produces only smal 1 reductions in gross weight, 

Third, the user can decrease the required payload. 

1 
I obviously reduce the weight of the design but it Thisw·1 

may . violate some RFP constraints. 

Finally, the user can try to change the base I ine 

Prototype to a smaller one, but the results are not certain. 

The engine, hub and )anding gear wil I have to be redefined 

is possible that the mission requirements wil I not be and it . 

sat · lSfiabJe with a smaller prototype, 

2 d The ~ design algorithm SSP.1 

As mentioned previouslY, 
the design program used in 

It is one of a 
thesis is SSP1 written by this the US Army. 

e of four programs which have end objectives similar Packag 

to HESCOMP and COMAP, 
Unlike HESCOMP however, SSPl only 

It combines 
handles conventional single rotor helicopters. 

mathemat· f t · JI ical models for helicopter per ormance, essen 1a y 

based on simple momentum theorY, with statistical models for 

fuel consumption and helicopter engine performance, 

Com Ponent weights. 
For a detailed explanation of the 

Ille th ads used in SSP1, 
see reference 18, 
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e .1 Cargo-Utility Prototype Helicopter Parameters Tab! 2 

UH - 1H CH-3E 

Maximum 9500 lbs 20000 lbs 

Gross Weight 

Useful Load 3950 lbs 8800 lbs 

Sea Level 266 nm 404 nm 

Standard Range 
Sea Level 110 kts 125 kts 

Cruise Speed 
Sea Level 1600 fpm 1310 fpm 

Rate of Climb 

Service Ceiling 12700 ft 11100 ft 

Table 2.2 Light UtilitY Prototype Helicopter Parameters 

SA-342 B0-105 

Maximum 4415 lbs 5511 lbs 

Gross Weight 

Useful Load 2212 lbs 2697 lbs 

Sea Level 383 nm 381 nm 

Standard Range 
Sea Level 125 kts 132 kts 

Cruise speed 
Sea Level 1535 fpm 2000 fpm 

Rate of C 1 imb 

Service Ceiling 
13448 ft 17000 ft 
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Table 2.3 Light Observation Prototype Parameters 

-
OH-13S OH-6 OH-58A 

~ 

Maximum 2950 lbs 
Gross Weight 

3000 lbs 3200 lbs 

Useful Load 1050 lbs 1462 lbs 1384 lbs 

~ 

Sea Level 193 246 355 

Standard 
nm nm nm 

Range 
Sea Level 83 kts 125 kts 115 kts 

_Cruise Speed 
Sea Level 1250 fpm 1900 fpm 1300 fpm 

_Rate of Climb 

Service Ceiling 16000 ft 14700 ft 13500 ft 

~ 

Table 2.4a Light Engine Power Ratings 

r---_ 
Light Engines 

r---_ 
250-C20R 250-C20B T63-A-5A 

Intermediate Rated 450 420 317 

r---__Power <shp) 

p Intermediate Rated 2.678 
Qnp 2.658 

Q hp 2.281 
,_ hp 

~ to Weight Ratio lb lb "tb 

Max· •hp •hp •hp 

p imum Continuous 2.658 2.658 1.942 

0
"'

9 r to Weight Ratio lb lb lb 

Engine Rating 1.000 0.992 0.788 
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Table 2.4b Medium Engine Power Ratings 

~ 

--
Medium Engines 

r---_ 

LTSl0l-650 /T 702-L-700 PT6B-34 /ASTAZOU XVI 

Intermediate Rated 

Power <shpl 
550 579 960 590 

p Intermediate Rated 
2.067 

ahp 2.363 "hp 2.682 ~ ~ 

e we r t 

l. 671 

--- o Ueight Ratio l t: l b lb l t: 

Maximum Continuo us • hp "hp ahp ~ 

Power 
2.067 2.01 2 2.430 1 . 671 

--- to Ueight Ratio lb lb i""b lb 

Engine Rating 0.809 0.930 1 . 000 0.654 

Table 2.4c Heavy Engine Power Ratings 

r-- Heavy Engines 

-- T53 - L-13B T53 - L-703 T58 -GE-5 T700-GE- 700 

--Int e rm ediate Rate d 1400 1485 1400 1565 

-- Power <shpl 

Intermediate Rated 2.592 ~ 2 . 725 
i;;hp 4.000 

i;; hp 3 . 581 ~ 

Power to Ueight 
lb 

lb 
lb lb 

Ratio 

Maximum Continuous 
;hp "hp 3.571 

;hp 3.016 
;hp 

Power 
2.222 lb 

2.385 lb lb Lb 

-- to Ueight Ratio 

Engine Rating 
o.636 0.675 1.000 0.871 
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Typical 
Table 2.5a 

Attack Mission Description in SSP1 Format 

Segment Description 

l l.larm - up and taxi 

2 Takeoff Hover 

3 FI i ght to Staging area at Cruise Speed 

4 Engage Target - High Speed FI i ght 

5 Not Used 

6 Engage Target - High Speed Flight 

7 Return to Base at Cruise Speed 

8 Reserve - 10 minutes at Cruise Speed 

9 Landing Hover 

10 Taxi and Shutdown 

Table 2.5b Specific Attack Mission Profile Data 

I 
Segment Temp. ( cF l 

I. 

AltitudeCftl 
Time(minl Hover 

D 
Vel. Cl<tsl 

,___ 
l Sea Level 95 2.0 

2 Sea Level 
r---__ 

95 2.0 2.0 

3 2000 
95 30.0 

120 

- 4 500 
95 

20.0 
1 75 

5 
- - - - -- ------- - - - - -

Not Used 

6 ,_____ 500 
95 

20 .0 
1 75 

7 2000 
95 35.0 

120 

,....___ 
8 ,___ 4000 

95 
10.0 

120 

9 Sea Level 
95 

2.0 
2.0 

10 Sea Level 
95 

2.0 
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Table 2.6a 

Typical Cargo Mission Description i n SSP! Format 

Segment I Description 

1 Warm - up and taxi 

2 Takeoff Hover 

3 Outbound Cruise at Altitude 1 

4 Outbound Cruise at Altitude 2 

5 Hover to Accept or Deliver Cargo 

6 Return Cruise at Altitude 3 

7 Return Cruise at Altitude 4 

8 Reserve - 10 minutes at Cruise Speed 

9 Landini Hover 

10 Taxi and Shutdown 

Table 2.6b Specific Cargo Mission Profile Data 

r---. 
Segment Temp.< °F> Time<min> Hover ~ Vel .( kts > 

r-- Al ti t ude <ft> 
D 

1 Sea Level 95 2.0 

r---. 
2 Sea Level 

r---
95 2.0 2.0 

3 
95 20.0 

11 0 

r--- 2000 

4 95 30 .0 
110 

r-- 4000 

5 
95 10. 0 ------- -- - --

r---. 
4 000 

6 95 30 .0 
110 

r--._ 4000 

7 95 20.0 
110 

r-- 2000 

8 95 10.0 
110 

r-- 4000 

9 95 
2.0 2.0 

r--- Sea Level 

10 Sea Level 
95 

2 .0 
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Typical 
Table 2.?a 

Escort Mission Description in SSP! Format 

Segment Description 

l IJarm-up and taxi 

2 Takeoff Hover 

3 FI I ght at Cruise Speed to meet escortee 

4 Escort Flight to Staging Area 

5 Hover at Staging Area 

6 Dash to Attack and Neutralize Target 

7 Escort Back to Base at Cruise Speed 

8 Return to Home Base 

9 Landing Hover 

10 Taxi and Shutdown 

Table 2.?b Specific Escort Mission Profile Data 

r--
Segment 

I 
Temp. c-F> Time<min> Hover ~ Vel.CktsJ 

r-----_ Al titude(ftJ 
D 

1 Sea Level 95 2.0 

r--
2 Sea Level 95 2.0 2.0 --3 2000 

95 20.0 
130 

4 4 0 00 
95 30.0 

110 

5 2000 
95 10.0 2.0 

r--.. 
6 500 

r---
95 15.0 

160 

7 95 20.0 
11 0 

r--
4000 

8 2000 
95 30.0 

130 

r---_ 

9 Sea 
95 2.0 2.0 

r---.. Level 

10 Sea 
95 2.0 

I 
Level 
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Typical 
Table 2.8a 

Medevac Mission Description in SSP1 Format 

Segment Description 

1 IJarm - up and taxi 

2 Takeoff Ho\'er 

3 FI i ght to Emergency Area 

4 Loiter Seeking Objective 

5 Hover to Retrieve Objective 

6 High Speed Return at Altitude 1 

7 High Speed Return at Altitude 2 

8 Ten Minute Cruise Speed Reserve 

9 Landing Hover 

10 Taxi and Shutdown 

TabJe 2.8b Specific Medevac Mission Profile Data 

r--_ 

Seg men t Temp. C ~F) TimeCmin) Hover f. Vel .Ckts) 

Altitude CftJ 
D 

1 Sea Level ISA + 20 2.0 

2 Sea Level !SA 
r---_ 

+ 20 2.0 2 .0 

3 2000 !SA + 20 15 .0 
125 

,___ 
4 !SA + 20 30.0 

40 

r---
4000 

s !SA + 20 15.0 2.0 

r---_ 2000 

6 500 
!SA 

r---
+ 20 10.0 

140 

7 !SA + 2 0 15 .0 
140 

,-..___ 4000 

8 ISA + 20 10.0 
125 

r-- 2000 

9 Sea Level ISA + 20 2.0 
2.0 

10 Sea Level !SA + 20 2.0 
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Table 2.9a 

Reconnaissance Mission Description in SSP! Format 

Segment Description 

1 Uarm - up and taxi 

2 Takeoff Hover 

3 Flight to Staging Area 

4 Area Reconnaissance 

5 Not Used 

6 Area Reconnaissance 

7 Enaga ge Ground Target 

8 Return to Base 

9 Landing Hover 

10 Taxi and Shutdown 

Table 2.9b 

Specific Reconnaissance Mission Profile Data 

r--
Segment Temp .< ;::.F > Time(minl Hover i Vel.Ckts) 

Altftude<ft> 
D 

1 Sea !SA ♦ 20 2.0 

r---_ Level 

2 Sea .....__ Level !SA + 20 2.0 2.0 

3 !SA + 20 15.0 
130 

r--- 4000 

4 !SA + 
1000 

20 35.0 
80 

5 -------- --- - - -- - - -

r---_ - - - -
6 !SA + 20 15 .0 

80 

r--- 500 

7 JSA + 20 25.0 
130 

t--- 1000 

8 !SA + 20 15 .0 
110 

r--- 4000 

9 Sea JSA + 20 2.0 
2.0 

r--- Level 

10 Sea JSA + 20 2.0 

Level 
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Table 2.10a 

Search & Rescue Mission Description in SSP1 Format 

Segmen t De sc rip t ion 

1 IJarm - up and taxi 

2 Tak e off Hover 

3 Flight to First Emergency Area 

4 Search for Obje c tive 

5 Ho ver to Rescue Objective 

6 Flight to Second Emergen c y Area 

7 Search for, and Rescue Se c ond Ob j e c ti ve 

8 Return to Base 

9 Landing Hover 

10 Taxi and Shutdown 

Table 2.10b 

Specific Search & Rescue Mission Profile Data 

r--
Segment Temp.<°FJ Time <mln > Hov e r f. Vel. Ck t s> 

r--- AltltudeCftJ 
D 

1 Sea 
r--- Le vel 95 2 . 0 

2 Sea Level 95 2 .0 2 .0 

3 2000 
95 2 0 . 0 

150 

r---
4 95 3 5 . 0 

8 0 

r--_ 2 00 

5 

'----
Sea Le vel 95 15 . 0 2. 0 

6 500 
95 10.0 

150 

r---
7 95 30 . 0 

8 0 

r---. 2 00 

8 
r---

2000 
95 25 .0 

130 

9 Sea 
95 

2. 0 2 . 0 

...___ Level 

10 Sea 
95 

2.0 

Level 
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Table 2.11 

r--__ 
XSP1 Helicopter Specific Parameters 

Parameter 
r---__ 

Name Description 

ALFAFN Vertical fin absolute angle of attack 

,.____ 
ARHRQ Ratio of fin arm to tail rotor arm 

r---__ 
BM Number of main rotor blades 

BTR Number of tail rotor blades 

r---__ 

FD Flat plate drag area factor 

r---__ 

GWE 
r---__ 

Gross weight estimate 

NENG 
r---__ Number of engines 

NYwcn~ 
r--____ Yaw control device flag 

DHGRTR 

----- Tai I rotor tip speed 

RPL 
r---__ Required payload 

TfiETA1 

-----· 
Main rotor blade twist 

X Main rotor blade root cutout 

XTR ------ Tai I rotor blade root cutout 

CTSJG Starting value of ft 

r----_:-· 0 

DL Initial value of main rotor disk loading 

r---___ 
V Initial value of main rotor tip speed 

t 
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,.__ ' 
MACRO SPECIFIC C /Cf; V l; 

PARAMETERS PARAMETERS DL 

0 
p 
T 

I I SSP! 
M L 
I 0 COMPUTATIONAL 
z 0 I 
" p MODULE 
r 
0 
N 

Expert System OUTPUT 

Feedback Loop 

FINAL 
DESIGN 

Figure 2.1 

XSPl Design Iteration Process 
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3.s 
o.os 

I . 

./ 

Payload= 5000 lbs; Tip Speed= 659 fps 
Minimum Weight= 15200 lbs 

Figure 2.2 

o. 12 0 

2-D Contour Plot of Cargo Helicopter Design Space 
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10,5 

di 

6.5 

------ --:--.---

0.120 
0.06 

Payload= 3800 Jbsl Tip Speed= 714 fps 
Minimum Weight= 17130 Jbs 

2

_D C figure 2,3 ontour Plot of Attack Hellcopter Design Space 
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CHAPTER ill 

RESULTS AS EXAMPLE DESIGNS 

In this chapter, the Jt f th d J resu so e eve opment of XSP1 

are 
Presented in the form of design examples. Two designs 

are shown 
Which demonstrate the use of XSP1. The first 

design is a combat search and rescue helicopter. The second 

is 
a scout helicopter. The designs are performed within 

constra· 1nts 

helicopter. 

which might be found in a RFP for that type of 

In defining the RFP requirements and 

constra · 1nts the assumption is made that the design 

Object · 1 ves can be met with a conventional single rotor 

design. 

~ Th 
~ .§__earch and Rescue Helicopter 

The first design with XSP1 is that of a combat search 

and rescu 
e he Ii copter. 

adapted 
from reference 

Some RFP design specifications, 

20, are: 

l) Search and Rescue helicopter; 

2 > Use of two gas turbine engines; 

3 > Maximum rotor diameter of 50 ft; 

4) F · h " 200 Jbs eachi 
our person crew we1g ing 

5 > Capable of rescuing 4 people, 220 lbs each; 

6) A d" f 7 psf to mimimize rotor 
maximum disk Joa 1ng 0 

downwash during rescue; 

7) A maximum tip speed of 700 fps to minimize aircraft 

noise; 

8) · ion described in 
Capability to accomplish the miss 
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figure 3.2. 

The urat1on determined with XSP1 is described in config . 

t· igure 3.24 and the procedure used is outlined here and in 

figures 3. 1, 3.4 through 3.23, 

control diagram for th1's des1·gn wh' h · t t 
10 1s represen a ive of a 

Figure 3,1 is the decision 

typical procedure. 

The fi 
rst screen inquires about the category of 
(fig 3.4) and since search and rescue is not one helicopter 

listed, the help screen is called (fig 3.5). of the four 

The screen shows search d h 1 · t 
an rescue e 1cop ers as a 

a egory of cargo utilitY helicopters. The cargo utility Subc t 

type . ls chosen. t t · t d 
Data on the pro o ypes 1s presen e in 

3
-6 and the user is asked to estimate the required figure 

Useful load. 
Because the objective is to rescue four 

a total of 880 lbS, and factoring in 800 Jbs for the Peopl e, 

crew a
nd 

another 500 lbS for equipment such as medical 
• the total payload can be estimated at 2200 lbs. sup p Ii es 

(as described in Doub 1 . 1ng 

fig 3 • 7) 

this weight to account for fuel 
Yields 4400 1bs as the estimated useful load and 

XSP1 suggests the UH-lH as th• baseline prototype (fig 3.8). 

UH - !H has a teetering rotor and uses skids as the 
1'he 

land· lng gear (fig 
3

.e> but because a rigid rotor al lows 

flexibility in choosing the number of main rotor great er 

biad es 
and using wheels as a landing gear yields an 

Ynamicall cleaner aircraft these parameters are chosen aeroct 
t y 

o r eplace the default values, 

XSP1 then presents a list of 
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available engines and their relative ratings based on power 

to weight ratios (fig 3.10). The UH-1H uses the T53-L-13B 

ine but the T58 - GE-5 engine has a higher rating <it is eng · 

in its class) so the recommendation is rejected and the best . . 

the T58GE5 1· s used. 
With the baseline prototype 

XSP1 the mission profile is defined. cont· iguration defined, 
a typical cargo mission profile (described in the d ' isplays 

chapter; figs 2.6a,b> and it is modified to Previo us 

corr espond to the requirements shown in figure 3.2 <fig 

3 , 11). The alternative would have been to consider another 

rnission 
profile such as the search and rescue profile (figs 

2 , !0a,b) but since al 1 mission segments are performed at 

4000 ft ' 95° F, 
the cargo mission is easier to modify. 

the specific parameters such as disk loading and 

speed limits and the required payload are defined for 

the design. 
The initial values are shown in figure 3.1 2 , 

The upper limit on disk 1o•ding is ch•nged to 7.0 psf, the 

IJPPer bo 
und on tip speed is m•de 700 fps •nd the tip speed 

is set 
to 650 fps. The number of engines is set to 2 pe r 

the RFP requirements •nd the fl•t plate drag factor is 

I owerect d th kid to 0.05 because wheels cause Jess rag ans s. 

'I'he Updated values are shown in figure 3.13. 
XSP! defines the engine sizing point in this design as' 

l) Hover© 4000 ft, 95°Fi 0 

2 ) lSO kt forward flight© 4ooo ft, 
95 

F, 
Upon of the design program (SSP1), the 

e>eecution 
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initial C 
values of _l , di and Vl did not provide a feasible 

O' 

design point <i.e. SSP1 was not able to estimate a gross 

Because the user must provide a feasible point for 

SSP1, XSP! 
suggests four options as shown in figure 3.14. 

The first 
C 

option, changing the values of _t 
O' , 

is 

selected. The values of the parameters are increased as 

suggested 
(fig 3.15) and the design iteration is restarted . 

This t · C 
1 me the combination of ~\ di and Vi defines a 

feasible 
Point and SSP1 is able to generate a configuration 

(figs 3 
· 16, 3.17). 

Them -a1n rotor is larger than allowed so an attempt is 

rnade 
at reducing the size. Three options are presented to 

the u 
ser (fig 3 . 18) and the first option, increasing the 

number 
Of blades, is tried since the upper boundry on disk 

load · 
ing is fixed by the RFP (fig 3.19). The number of 

blades 
is increased to four and this reduces size of the 

des · 
lgn configuration from R = 25.75 ft to R = 24.09 ft (figs 

3 •20 ' 3.21). The weight of the configuration decreased as 

we11 wh · 
dd t . ore 

lch indicates that a four bla e ro or 1s m 

eff· 
lcient than a rotor with two blades for this case. 

An attempt is now made to further reduce the weight. 

Beca 
Use the mission requires relatively high speed flight 

ar,d the 
Payload is properly defined, XSP1's first 

SlJg 
gestion 

' 
mal· n rotor blade twist (fig 

to increase the 

3 ·22) 
' is tried (figs 3.23). 

The resulting configuration 

to d smaller (figs 3.24, 3.25). 

be both lighter an 
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The design configuration is accepted, the design data is 

echoed and the user can start another design or stop. 
Looking at figure 3.26, the final configuration, the 

empty weight ratio (0.61) is comensurate with helicopters of 
The required power is wel 1 within the s im · I l ar gross weight. 

capability 

T58 - GE-5 

of today's engines (the engine prototype; 

produces enough power). 
ced further by altering the tail rotor configuration but 

The weight could be 

redu 

the g . ain would be small. Qveral 1, 
the configuration is 

qu· ite good for conceptual design. 

~ The ~ ---='--""----" Helicopte,£... 
The motivation for using a scout helicopter as the 

second example is to present the features of XSP1 not found 
previous design example. Rather than defining the in the 

complete 
I t t 

design path for this case, on Y aspec s no 

dis cussed earlier will be presented. The design 

spec· . lf1cat· ions for the scout are: 

l) Combat reconnaissance type helicopter; 
2l Two person crew with each person weighing 200 lbs; 

3 > Capable of firing 4 missles 80 lbs each; 
4) M of 750 fps to minimize aircraft aximum tip speed 

5) c 
1

• sh the mission described in apability to accomP 
1 

noise; 

figure 3.3. is summarized l'he . fina l configuration inf· 
39 outline the igure 3.40 and figures 3.27 through 3. 

determined with XSP1 
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des · ign options t h no sown previously , 

As · t wi h the search and rescue helicopter, 
the category 

is d efined (light observation) and the performance data of 

At this the a . va1lable helicopters displayed <fig 3.27), 

Point th e user decides if the OH-135 is a suitable prototype 

( f . 
1 g 3. 28). 

If not, XSP1 advises the user to carry out the 

des· ign excers1·ze OH 
with both the -6 and OH-58A and compare 

esigns at the end (fig 3,29), If this idea is rejected the d 

<because 
the user wants to specifically use one prototype), 

muS
t 

define the helicopter, In this case, the advice is 
he 

p ect and the OH-6 prototype is used first, The hub and acce t 

ing gear data are displayed and the engine is suggested 
1 anct. 

as in the previous example, The reconnaissance mission 
e ls modified to reflect the specifications in figure ProfiJ . 

ig 3.30). The specific parameters are defined <Upper 3. 3 ( f . 

on tip speed and disk 1oading, required payload etc> Ii mi t 

( f . ig 
3

-31) and XSPl defines the engine sizing point from the 

miss· ion profile as: 

l) Hover© 4000 ft, 95°Fi 
2 > 

95 °F. 150 kt forward flight© 4000 ft, 
'I'he Optimized design IS shown in figures 3.32 and 3.33. 

'I'h is configuration is accepted and XSP! returns to carry 

through a design with the oH-58A, 
t••tertng type hub and this is changed to an articulated hub 

The oH - 58A uses a 

to 
Permit speci·fying the number of main rotor flexibility in . the mission profile and onlY 

XSP! knows to retain 
blact es 
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requires the user to update the specific parameters. The 

Updated values for the OH-58A are shown in figure 3.34. 

XSP1 w1 h the configuration shown in figures 3.35 returns . t 

and 3.36. An attempt is made to reduce the weight by 

increasing the number of blades, similar to the search and 

rescue case. Figures 3.37 and 3.38 manifest the new 

configurat· ion. This configuration is accepted and XSPl 

ares the two final configurations on gross weight, comp 

intermed · 
C 

late rated power, disk loading and ~t and , recommends 
onfiguration with a level of confidence based on the one c 

ion of the parameters (fig 3.38). A 100% confident combinat· 

reco mmendation of one configuration is made when: 
Its weight is 1ess than that of the other design; 1 ) 

2) Its required power is less than that of the the 

other configuration; 

3
> The disk loading is less than that of the other 

design; 

4 > Its ~t is 
The o 

greater than that of the other design. 

power required parts are considered more We ight and 

heavily 
~l 

than the other parts, The disk loading and O values 

included because theY represent rotor propulsive 
are . 

effici ency. 
In this example, th• OH-6 based configuration 

C 

nd ha s a higher -i_ Since 
is I . lghter , requires 

tne ct· lsk 

Jess power, a 0 

loadings are th• same, the OH-6 based configuration 

r e c ommended wi t h a confidence of gQ%. 
is 

The final configuration (fig 3.40) haS an empty weight 
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ratio of 0,46. This may be too optimistic. The fuel weight 

( 292 lbs) 
is suspiciously low which may account for the 

0 Ptimistic weight estimate. This is a characteristic of the 

we· 
lght and sizing program SSP1 and is not addressed in XSP1. 

The t 
ota1 power is somewhat higher than expected but 

accept 
abJe nevertheless. This comparison of design 

cont· igurat· ions ii lustrates the senstivity of the design to 

the h I. 
e 1 copter prototype. The deciding parameter was 

Probab1 
Y the drag factor FD. For the 0H-6 it was 0.031 and 

for th 
e 0H - 58A it was 0.05. It reflects the relationship 

between 
overaJ I size and flat plate drag area. 
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Helicopter Category ~f--------
1 

Attack 

-

-

Cargo 

Utility 

RULE: (Identify Helis> 

- -
Weight > 6000 lbs 

Passenger Capacity > 9 

Useful Load > 3500 lbs 

.l 
Possible Prototypes: 

I 

1 ) UH-1H 
2) CH-3E 

j 
I 

I 

Estimated 

Useful Load 

1 
RULE: <Separate Helis by Est UL> 

1 ) Est 

2) 3499 

5199 

User D 
p efines 

rototype 

UL< 3500 lbs 

lbs < 

lbs < 

No 

Est UL < 5200 lbs 

Est UL 

User Accepts 

Prototype Choice 

Yes 

0 

Light 

Observation 

II 

Light 

Utility 

y 
e 
s 

Change 

Category? 

UH-1H 

CH-3E 

D 
Figure 3.1a 

ec is ion 

D 1 • P t A 

Flow Diagram for Search & Rescue es gn, ar 
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I 

j 

0 

Define Hub Type 

and Landing Gear 

Retreive Engine 

of Prototype: 

T53-L138 

Retreive and Rate 

Engines in the 

same Category 

RULE: <To Categorize Engines) 

Light: IRP < 500 shp 

Medium: 501 < IRP < 1000 shp 

Heavy: 1001 shp < IRP 

j, 

RULE: <To Rate Engines) 

MAX< lRP + MCP> 

Rating = < I RP + MCP> I 

} 
Use Prototype's 

I 
No Us 

Engine? En 

Yesj, 

' 

Retreive Mission 

Profile based on 

He Ii Category 
I 

1 
0 

er Defines 

gine 

Decision 
Figure 3.1b 

Flow Diagram for Search & Rescue Design; Part B 
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® 

Use.r's Options a.re: 

Reject Accept Modify 

Use.r D efines 
P.rofiJe 

Use.r Modifies 

lnteas·b 
l . l le 
n1tia1 Pt. 

Define Specific 

Parameters 

Define Engine 

Sizing Point 

RULE: (Sizing Point> 

Mission Profile Segment 

with Max Speed; 

Hover@ 4000 ft 95°F 

Execute SSP! 

P.rofi le 

Optimized 

Gross Weight 

Change Mission 

Profile 

Adjust Values of 

Disk Loading, 

Tip Speed, 

Ct/o 

Decis · 
Figure 3.1c 

10 n Flow Diagram tor Search & Rescue Design; Pa.rt C 
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Reduce Size 

© 

Design Options: 
Reduce Size; 
Alter Weight; 
Configuration OK. 

Configuration OK 

J 

Alter Weight 

3 ways to reduce over a 1 1 size: 

1) 

' 

2) 

3) 

Increase the # of main rotor 
blades; 

Relax the bounds on disk 
loading; 

Start with smaller prototype. 

l 
RULE: <More Blades) 

More blades reduce some 
component weights which 
decrease the rotor size 

Figure 3.1d 

,, 

• 

Decision Flow Diagram for Search & Rescue Design; Part D 
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I 

0 . 

' 

© 
l 

RULE: <disk loading> 

Rotor radius is: 

R = ~ rr d I 
Disk loading is an 
optimization parameter 
so the bounds on di 
must be increased for 
minimization. 

© 
l 

REASON: < New Prototype> 

A smaller prototype 
helicopter config. 
maY decrease the size 
of the design config. 
use as last resort. 

1 
increase Weight 

Decrease Weight 
I 

® 
J 

Weight 

I 

I 

--. ® 

2 Ways to increase 

payload ' 

1 ) Increase the required 

2) start with a larger 
prototype 

Flow Diagram for search & Rescue Design, Part E 
Decision Figure 3.1e 
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® .. 

CD 
l 

4 ways to reduce weight 

1 ) Increase blade twist 

2) Change tail rotor 

3) Decrease the requ i red 
payload 

4 ) Start with a sma 11 er 
prototype helicopter 

0 
l 

RULE: (blade twist> 

Maximum benifit is in 
forward flight where 
a larg amount of twist 
unloads the blade tips 
and increases the 
critical Mach number 
The rotor is more 
efficient. 

© 
l 

' 

RULE: < tai I rotor type> 

Tail rotor induced 
powe r i s re duced with 
a ducted fan tail 
rotor in vertical 
flight which reduces 
the overall weight. 

Figure 3.lf 

, 0 

Decision Flow Diagram for Search & Rescue Design; Part F 
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a) Warm - up - 2 minutes 

b) Vertical take-off and climb - 1 minute 

c) Cruise 100 nm at 150 kts; 

d) Cruise 25 nm at 40 kts; 

e) Hover and accept 4 passengers weighing 220 lbs each 

15 minutes; 

f) Return to base by repeating parts d and Ci 

g) Land at base with fuel enough for loiter - 30 minutes 

<All mission segments occur at 4000 ft, 95°F) 

Figure 3.2 
Mission Requirements for Search and Rescue Helicopter 

a) Warm-up - 2 minutesi 

b ) Vertical Take-off - 1 minute; 

c) Cruise 50 nm at 140 kts; 

d ) Reconnaissance - 30 minutes; 

e) Investigate and Neutralize Ground Ta rget; 

f) Repeat Segments d and e. 

<All mission segments occur at 4000 ft 9 5°F ) 

Figure 3.3 
Mission Profile for the Scout Helicopter 
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l PAGE 

He l icopter Co ncep tu a l De si gn Expert System 

ls this to be a LIGHT OBS ER VATI ON, LI GHT UTILIT Y, 

CARGO UT IL ITY o r ATT ACK hel icopte r? 

Pos ition the poi n te r with t he ARRO~ KE YS an d press ENT ER. 

Press Fu nct i o n Key FS EXP L for exp l a nat i on 

a Atta c k 

b Light Observation 

c Light Utility 

d __ Car go Ut i l_i ty 

2 UNKN 3 STR T 5 EX PL 6 ~H Y? 8 MENU 9 HELP 10 EXIT 

Figure 3.4 Helicopter Category Screen 

Explanato r y I nfor mation 

The category de f ines the t ype o f he l icopter to be 

used as a prototype. So me s ub categ o ries of t he 

four ma in categor i es are: 

Light Observation 
- Trai n e r 
- Pe rsonal Transportation 

Light Ut il ity 
- Medevac c Up to 2 person Search / Rescue ) 

- VI P Transporta ti o n 

Cargo\Uti I ity 
- Search • Resc ue 
- Per s on n e l Trans po rta ti o n 

Press Func ti on Key F8 BA CK to re t ur n to quest i o n 

3 STRT 
7 PRNT 8 BACK 9 HELP 10 EXIT 

Figure 3.5 Helicopter Category Help Screen 
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Helicopter Conceptua l Design Expert System 

In the CARGO UT ILIT Y category there are 2 helicopters 

available. Performance data on th em is presented h e r e. 

UH- lH CH-3E 

Max Gross Weight 9500 lb s 20000 lbs 

Useful Lo a d 3950 l bs 8795 lb s 

Est Fuel \./eight 1371 l bs 4150 lbs 

SL Std Range 266 nm 404 nm 

SL Cr uise Spee d 110 kts 1 25 kts 

SL Rate o f CI imb 1600 fpm 13 10 f pm 

Serv i ce Ce i Ii ng 12700 ft 111 00 f t 

Press Functio n Key F2 CONT to continue 

~ CO NT 3 STRT 6 WH Y? 7 PRNT 8 MENU 9 HELP 10 EX I T 

Figure 3.6 Cargo-Utility Helicopter Data Screen 

Explanatory Information 

T he obvio u s parameter to separate th e Ca r go\Uti I it y 

h e licopters is the user u l lo ad. Usefu l load is d e fin e d 

as : 

Useful l oa d = Gross weight - Empty weight 

wh e re the e mpty weigh t in c l udes any residua l s and a 

1 70 l b pi l ot . 

To get a ba ll park est imat e on the us efu l load, c al c ulate 

th e pay l oad (including the expe c t e d cr ew weight ) and 

double it. 

A l o wer bound on Cargo / Uti I it y useful load capacity is 

3500 I bs. 

Pres s Function Key F8 BACK to return to question 

3 STRT 7 PRNT 8 BA CK 9 HELP 1 0 EXIT 

Figure 3.7 Useful Load Help Screen 

67 



He li cop t e r Conc e ptual Des ign Expert Sy st e m 

The c at e gor y o f helicopter is cargo utilit y 

From y our re s ponses , the recom mended prot o t y pe i s 

UHlH . If you accept this prototype , then 

c hoo se TRUE. If you wish to defin e the pr o t o t ype 

y our s e If, c hoose FALSE. 

Use th e ARROW KEYS to togg l e between TRUE and FALSE . 

TRUE FALSE 

"- UNKN 3 STRT 6 WHY ? 8 MENU 9 HELP 10 EXIT 

F i gure 3 . 8 Pr ototype Helicopter Information Scr een 

He li c opt e r Conceptual Design Exp e rt Sy s tem 

Th e UHlH helicopter uses a Teetering main r o t o r 

hu b and has Skids for a landing gear. 

I f thi s typ e of hub and landing gear are acceptbl e , 

c hoose TRUE. 
If yo u wa nt t o c ha ng e one or both, c hoo s e FAL SE. 

Pr ess Fun c ti o n Ke y FS EXPL for e xpl a nati o n 

TRUE FALSE 

2 UNKN 3 STRT 5 EXPL 6 WHY? 8 MENU 9 HELP 10 EX IT 

Figure 3 .9 Hub Type an d Lan d i ng Gea r Scr een 
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T53L 13 8 

He li copte r Co n ce ptual Design E,pert Sy s tem 

The UHlH us e s the T53L1 3 8 engin e . 
Ra ting th e engi ne s in th e sa me power c la ss by pow er to 
we ight r a tio s s hows: 

~------------------------63 

T5 8 GE5 

---------------- -------------------- ' 100 

T700GE700 

~------------------------- -----_J87 

T53 L703 
67 

Pr ess Fun c ti o n Key FS EXPL fo r e Kplan at ion 

Do you wa nt to use the T5 3 L1 3 8 e ngine ? 

TRUE 

2 UNK N 3 STRT 5 EXPL 6 WHY ? 8 MENU 9 HELP 10 EXIT 

Figure 3.10 Engine Rating Screen 

Helicopter Co nc eptual Design Expert Syste m 

Carg o Mi ssio n Profile 
Se gm e nt Alti tu de <ft ) Temp ( F ) Time(min) Z/ D Ve I< kt s i 

------ --- ------ -- ------------ -- -- --- ----- ----- --- - -- -----
1 4000.0 95.0 2 .0 0. 0 

2 4000 .0 95.0 1. 0 2.00 

3 4000 . 0 95 . 0 40 . 0 150. 0 

4 4000 .0 95.0 37.5 4 0 . 0 

5 4000.0 95.0 15.0 2.00 

6 4000 .0 95 . 0 37.5 40.0 

7 4000.0 95.0 40.0 150 . 0 

8 4000 . 0 95 . 0 30.0 40 . 0 

9 4000.0 95.0 1. 0 2 . 00 

10 4000 .0 95.0 2 .0 0 . 0 

Seg 5 Payload d ecreas e: IJSTR -9 00 lb s . IJ STR < 0 i S in c r ease. 

To change any va lue, enter Segment No. , Name and Val u e . 
For I SA Te mp, use -soo ; For I SA• 20 Te mp use - 600 
<Ex. l <CR> Alt <CR > SOOO<CR» . Termina te with Seg=9 9 . 

Segment Name Va lu e 
99 

Figure 3.11 Modified Cargo Mission Profile 
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Helicopte r Conc eptua l Design £,pert System 

Spec ifi c Pa r a meters for the UH1H 

Pa ram eter Va l ue Para meter Value Parameter Va l u e 

- - -- -- ---------- ------------ ---- ---------- ------
ALFAFN 4 .0 2 ARMRO 0.878 3 BM 2 

4 BTR 2 5 FD 0.052 6 GWE 9 000 

7 NENG 8 NYW CTR 0 9 OMGRTR 736 . 0 

10 RPL 2000 11 THETA ! - 10.0 1 2 X 0 . 092 

1 3 XTR 0. 180 14 CTSig 0.068 15 CTS LO 0 . 0 4 5 

16 CTSHI o. 125 1 7 DL 4.97 18 DLLO 4. 00 

19 DLHI 7.00 20 Vt 814 . 0 2 1 VtLO 600 . 0 

2 2 Vt H! 850.0 

This wind o w allo ws you to c hang e specific helicopter param e t e r s 

a nd get i nformation abo u t t he m. To cha n ge a par a meter va I ue 

e nter "C ", the para meter number ( 1 to 22) a nd the new va l ue . 

To get informa t i o n e n ter "Q" a nd the param e t e r number . 

To e,it e nt er "E". 

Com ma n d: 
Para m Number: 

Figure 3.12 

Initial Specific Parameter Values for UH -l H Prototype 

Parameter 

Helic op t e r Conceptual Design £,pert System 

Specific Parameters for th e UHlH 

Value Parameter Val ue Parameter Value 

-- - -- -- -------- - ------------- --- - - - ------ - ------

1 ALFAFN 4 . 0 2 ARMRO 0 . 878 3 BM 2 

4 BTR 2 5 FD 0.050 6 GWE 9 0 0 0 

7 NENG 2 8 NYW CTR 0 9 OMGRTR 736 . 0 

lQ RPL-- --- 2 200 11 TH ETA! - 10.0 1 2 X 0. 0 9 2 

13 XTR 0 . 180 1 4 CTSig 0.068 15 CTS LO 0 .04 5 

16 CTSH! 0 . 12 5 1 7 DL 4.9 7 18 DLL O 4. 00 

19 DLH I 7 . 00 20 Vt 650 .0 2 1 Vt 1., 0 5QQ . 0 

22 VtHI 700 . 0 

Thi s wind o w al l o ws yo u to c ha nge spe c ifi c helicopter parameters 

and get infor matio n about them. To cha n ge a parameter va l ue 

enter " C", t he para me ter numb e r < 1 to 2 2 ) and the new va I ue. 

To get information e n ter "Q" and the pa rameter number. 

To e•it enter "£". 

Co mm and: E 
Param Number: 

Figure 3.13 

Updated Specific Parameter Values for UH-lH Prototype 

70 



Helicopter Conceptua l Design Expert System 

The h e ! i c opter gross we i ght cou l d n ot be determined by th e 

SSPl d t!s ign routi n e wit h the in itia l va l ues of CTS I G, DL , 

a nd VT . 
Ther e are 4 things to try : 

ll Change the in i tia l values of CTS I G, DL, and VT; 

2J Check that the payload i s correct l y defi n ed and 

reduce it; 
3J Cha nge the prototy p e he l icopter and/or engine; 

4) Change the missio n prof il e - it may be to o d e manding 

in ce rtain p hases for the eng i ne and prototype; 

Be advise d that changing t h e prototype requires re-defining 

other parameters s u c h as h u b type and l anding gear. 

T ry cha n gi n g t h e initi a l val u es f ir st . 

Press Functio n Key F 2 CO NT to continue 

2 CO NT 3 STRT 6 WHY ? 7 PRNT 8 MENU 9 HELP 1 0 EXIT 

Figure 3 .14 Infeasible Initial Point Information S c reen 

He ! icopter Conceptual Desig n Expert Syste m 

Specific Parameters for the UHlH 

Parameter Va l ue Para meter Va lu e Parameter Va lue 

- - ----- ----- ---- ---------------- ---- ------------
AL F AFN 4.0 2 ARM RO 0.878 3 BM 2 

4 BT R 2 5 F D 0.050 6 GWE 9000 

7 NENG 2 8 NYWCTR 0 9 OMGRTR 736.0 

J O RPL 2200 1 J THETA! -10.0 1 2 X 0 .092 

13 XTR 0.180 14 CTS i g 0.080 15 CTSLO 0.0 4 5 

16 CTSHJ o. 1 25 17 DL 6 . 90 1 8 DLLO 4. 00 

19 DL H I 7 . 00 20 lit 69::.i , Q 2 1 VtLO 500 . 0 

22 Vt H I 700 . 0 

This window a ll o ws yo u to change specific he l icopter pc1ramet e rs 

a n d get i n fo rm ation about them. To change a parameter value 

enter " C", the paramete r n u mbe r ( 1 to 22J and the new vc1 l ue. 

To get information enter " Q" and t h e par ameter nu mbe r . 

To ex i t enter " E". 

Co mm a nd: 
Para m Nu mber: 

Figure 3.15 Updated UH - 1H Initial Design Point 
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S ize: Ma in rotor 
Main Rotor 
Ta i I Rotor 
Tai I Rotor 

He li cop t e r Concep tua l Design Expert Syste m 

SSPl Design Data 

Ct/S igma 0. 108 

Disk loading 6.876 

Tip Speed 700.0 

radi u s 25.75 Fin Arm 27.24 

c hor d 2 . 738 Fin Area 4 5.0 

rad iu s 4.77 Tai I Rotor Arm 31. 02 

c hord 1.727 Flat pl ate Are a 29.58 

Weight: Empty We ight 

Payload 
8802 . 6 
2200. 0 
33 1 8 . 0 

Useful Load 5347.96 

Fu el Weight 
Gross Weight 1 4320.6 

Dimensio ns are in ft; Ar ea is sq .ft; We ights are in l bs. 

Press Function Key Fl PAGE to v i e w next pag e 

l PAGE 2 CO NT 3 STRT 6 WHY ? 7 PRNT 8 MENU 9 HELP 10 EXIT 

Figure 3.16 

UH-1H Baseline Minimized Gross Weight Screen 1 

He ! i copter Co n ceptua l Design Expe r t System 

SSPl Design Data 

Ct/S igm a 
Disk lo a ding 
Tip S p eed 

0. 108 
6.876 

700.0 

P o wer: Total intermediate rated power 

Tot al max imum co ntinuous p o we r 
3286 .0 
2934 . 0 

I RP dri ve syste m power limi t 

MCP drive syste m power limit 
2030.9 
2030 . 9 

Power i s given in shp. 

P r ess Function Key F 2 CO NT to continue 

Press Function Key Fl PAGE to view pre v iou s p age 

1 PAG[ 2 CON T 3 S TRT 6 WHY ? 7 PRNT 8 MEN U 9 HELP J O EXIT 

Figure 3.17 

UH-1H Baseline Minimized Gross Weight Screen 2 
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Helicopter Conceptua l Design Expert Syste m 

Th e re are a numb e r of things one can do to redu c e the 

overa ll size of the heli co pter. Thr ee a re li s ted here. 

Keep in mind that reducing size wi I I in c rea se somet hin g 

e l s e: d ownwas h velocity, weight, p o wer r equired et c . 

Position the pointer with the ARROW KEYS and press ENTER. 

Don't worry, y our choice here is not bindin g . 

Increa s e the numb er of blades on the main rotor 

Re lax the bou ndries on disk loading 

Use a sma I I er prototype he Ii copter 

2 UNKN 3 STRT 6 WHY ? 8 MENU 9 HELP J O EXI T 

Figure 3.18 Size Reduction Advice Screen 

He li co pter Con ce ptual Design Expert Sy stem 

In creas ing the number of blades <paramet e r 3 , BM J wi I I r e du ce 

th e rotor size which trans l ates to overal I he) icopter s i ze . 

Be ca use the compone nt weights are formulated as fun c ti o n s o r 

bot h r o tor radius and blade number, th e o v e ral I we ight wi 11 

I ike l y d ec re ase . 

Yo u wi I I hav e to change this parameter in the next sc r ee n. 

What wou ld yo u li ke t o do? 

T r y this 

Try something e l se 

2 UNKN 3 STRT 6 WHY ? 8 MEN U 9 HELP J O EX I T 

Figure 3.19 Info Screen on Changing the No. of Blades 

73 



Si ze: Main r ot o r 
Mai n Roto r 
Ta i I Rotor 
Ta i I Rotor 

He l i co pter Co n ce ptu a l Des i gn E x p er t System 

SS Pl De s ig n Dat a 

radius 
chord 
r ad i u s 
c hor d 

Ct/S i g ma 

Di s k l oadi n g 
T ip Speed 

24 . 09 F in Arm 

1 . 4 05 F i n Ar ea 

4.49 Ta i I Ro to r 

1. 6 3 1 F l at p l at e 

o . 10 0 
7 . 0 0 0 

7 0 0 . 0 

2 5. 5 3 
39.5 
Arm 
Are a 

2 9. 0 8 
2 7.39 

Weig ht : Em pty We ight 

Pa y l oa d 
7 6 0 8. 2 
22 0 0 . 0 
2 950 . 5 

Use f u l Loa d 4980 .4 8 

F ue l Weig h t 

Gr o s s We ig h t 12758.7 

Di me n s i o n s are in ft; Ar ea is sq . f t; We ights a re i n l bs. 

Pr ess Fu n c tion Key F l PAGE t o v i e w n ex t p age 

I P AGE 2 CO NT 3 S TRT 6 WHY ? 7 PRNT 8 MENU 9 HELP 1 0 EXIT 

Figure 3.20 

UH-1H Four Bladed Optimized Configuration Screen 1 

He li co pter Concep tu a l De sign Exper t Sys t e m 

S S Pl Desig n Data 

Ct /S ig ma 

Di sk loadi n g 
Ti p S p eed 

0 . 10 0 
7. 000 

7 00 . 0 

Power : To t a l i nter me diat e r a t e d power 

Tota l max imu m co n tin u o u s p o wer 
2892.8 
2582 . 9 

! RP d rive s ys t e m p o we r I i mit 

MCP dri ve sys t e m p o wer limi t 
1 7 59 . 6 
1 759 . 6 

Po wer is gi v e n i n s h p. 

Pr e s s F unction Key F 2 CONT t o c on t i n u e 

P res s Fun c tio n Ke y F l PAGE t o vi e w p r ev i o us page 

l PAGE 2 CO NT 3 S TRT 6 WH Y? 7 P RNT 8 MENU 9 HEL P 10 EXI T 

Figure 3.21 

UH - 1H Four Bladed Optimized Configuration Screen 2 
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He li cop ter Co nceptua l Des ign Expert Sys tem 

Th ere a r e a n u mb e r o f things o ne ca n do to reduce th e 

gross weig ht of the he li c opt er . Four are I i sled here. 

Position t h e po int er with t h e ARR OW KE YS and pres s ENTER. 

Don " t worry , your c hoice here i s no t binding . 

In crease t h e main r oto r blad e twist 

--------- · -- --------

2 Cha n ge the ta i I r o tor type 

3 In crease the number of ma in rot o r blades 

4 Chang e t h e pro totype he Ii co pt e r 

2 UNKN 3 STR T 6 WH Y? 8 MENU 9 HELP 10 EXIT 

Tr y this 

Figure 3.22 Blade Twist Increase Screen 

He I icopter Conceptua I Design Expert Sy st em 

If y our mi ss ion requires high speed f l ight, such as in 

ATT ACK mi ssion , in c reasing the twist of t he blad es 

wi JI d ecrease the we ight be ca u se highl y tw is te d b l ades 

are more ef f ic i e nt at high speeds . 

The tr a d eo ft is that hov er p e rforman ce dete r i orates and 

the b I ade I oa d s in c reas e . 

A rea so nab l e max imum twi s t is 12 - 14 deg . 

Th e blade twist i s paramet er 11, TH ETA ! in th e next screen . 

Wh a t wou ld you I ike t o do ? 

Try so mething else 

2 UNKN 3 STRT 6 WHY ? 8 MEN U 9 HELP 10 EXIT 

Figure 3.23 Info Screen on Increasing Blade Twist 
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Si ze: Main rotor 
Ma in Rotor 
Tai I Rotor 
Tai I Rotor 

He li c opte r Conceptua l Des ig n Expert S y st e m 

SSP l Design Data 

radius 
chord 
radius 
c hord 

Ct/Sigma 

Disk l oading 
Tip Spee d 

23 . 55 Fin Arm 

1. 368 Fin Are a 

4. 39 Ta i I Rotor 

1. 570 Flat plat e 

0. 101 
7 . 000 

700.0 

24 . 97 
37 . 1 
Arm 
Area 

2 8.44 
26.58 

We ight: Empty Weight 

Payload 
7204. 7 
2 200 . 0 
279 1. 6 

Usefu l Load 4 82 1 . 6 3 

Fue l Weight 

G r oss Weig h t 12 196 .4 

D im e nsion s are in ft ; Ar ea is s g.f t ; Weights a r e in lb s . 

Press Function Key Fl PAGE to vie w n ext page 

l P AGE 2 CONT 3 S TRT 6 WHY ? 7 PRNT 8 MEN U 9 HELP 1 0 EX IT 

Figure 3.24 

UH-1H Configuration with Increa s ed Blade Twist Part 1 

Hel I copter Concept u al Design Expert Sy s t e m 

SS P l Design Data 

C t/S igm a 

Disk l oa ding 

Tip Speed 

0 . 101 
7 . 000 

700.0 

P o we r: Tot a l int e rmediat e ra t e d power 

To t a l ma ximum c on tinu ous power 
2715.6 
24 2 4.7 

I RP driv e s yste m power I imit 

MCP d r i ve sy ste m power limi t 
1661. 3 
1661. 3 

Powe r is given in shp. 

Press Function Key F 2 CO NT to con tinu e 

Press Fun c tion Key Fl PAGE to vie w previous page 

l P AGE 2 CONT 3 S TRT 6 WHY ? 7 PRNT 8 MENU 9 HELP 1 0 EX I T 

Figure 3.25 

UH-1H Configuration with Increased Blade Twist Part 2 
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- Main Rotor Data 

Disl< Loading = 7.0 psf 

Tip Speed = 700 fps 

C 
- I. = o. 101 
c>' 

Number of Blades = 4 

Blade Length= 23.55 ft 

Blade Chord= 1.37 ft 

Blade Twist= -12° 

r------ I 
Tail Rotor: Data 

Tip Speed= 736 fps 

Number of Blades= 2 

Blade Length= 4.39 ft 

Blade Chord= 1.57 ft 

Distance from Main Rotor Shaft= 28.44 ft 

Helicopter Weight 

Gross Weight= 12196 Jbs 

Empty Weight= 7405 Jbs 

useful Load= 4822 Jbs 

Empty Weight Ratio= o.607 

Engine Data 

JnstaJJed power (!RP> = 2716 shp 

Installed Power <HCP> = 2425 shP 

Drive system power Limit= 1661 shp 

F · figure 3.26 

ina I c 
onfiguration of th• search and Rescue Helicopter 
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Helicopter Conceptual Design Expert Syste m 
In the LI GHT OBSERVATION category there are 3 helicopters 
available. Performance data on them is presented here . 

OH-13S OH - 6 OH-58A 

Ma X Gross Weight 2950 lbs 3000 lbs 3200 I bs 

Uset ul Load 105 0 lbs 1 L162 lb s 1 384 l bs 

Est Fuel We ight 388 I bs 402 lbs 619 lbs 

S L S td Range 193 nm 2 46 nm 355 nm 

SL C ruise Spee d 83 kts 1 25 kts 115 kt s 

S L Rate or CI imb 1250 fpm 1900 fpm 1300 fpm 

Service Ce i Ii ng 16000 t t 14 700 ft 13500 ft 

r-·re ~s r-unction Key F2 CON T to continue 

2 CO NT 3 ST RT 6 WHY? 7 PRNT 8 MENU 9 HELP 1 0 EXIT 

Figure 3.27 Light Observation Helicopter Data Screen 

Helicopter Conceptual Design Expert System 

As th e previous sc re e n s howed, there are 3 helicopter s 
in the I ight obse rvation ca t ego ry. Two of them, the 
OH-6 and OH-58A have comparable performance c hara cteristics 
and similar payload capacities. The OH-13S is the smallest 
slo we st , olde s t and cheapest of the three. It is be st us e d 
for mi ss ions such as crop dusti n g and training. 

You must decide if you want to use the OH-13S as a prototype 
or one of the ot hers as the prototype. 

Press Function Key F5 EXPL for explanation 

a OH13S 

2 UNKN 3 STRT 5 EXPL 6 WHY? 8 MENU 9 HELP 1 0 EXIT 

Figure 3.28 OH - 13S Decision Screen 
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He li cop t e r Con c eptua l De sign Exp e rt S y st e m 

The 0 H- 6 a nd 0H - 58A are v e ry si mi l ar a nd either one c an b e 
us e d as a protot y pe for designing a li ght ob s ervati o n 
h e li co pter . I f y o u do n ot h ave a preferenc e about whi c h 
t o u se , the best thing to do is to ca rr y out the de s ign 
p ro c ess with both and co mpare the data at the end. 

Do yo u wi s h t o p e rfor m designs with bot h h e li cop t e rs and 
c o mpa r e th e r esu lts at the e nd ? 

FALS E 

2 UNO: N 3 STRT 6 WHY ? 8 MENU 9 HELP 10 EXIT 

Figure 3.29 Design Comparison Approval Screen 

He li copter Co n cept u a l Design Expert Sys t e m 

Reconnaisance Mi ss i on Pr o fil e 
S egm e nt Altitude(ft) Temp<Fl Time ( min ) Z I D Ve l( k ts ) 
-------- - --- ---- - ---- - - ---- - - - --------- - ---- - - - - ---- --- --

400 0.0 95.0 2 . 0 0 . 0 

2 4000.0 95.0 l. 0 2 . 00 

3 4000 .0 95.0 2 2.0 l4 0 . 0 
4 4 0 00.0 95.0 3 0 . 0 5 0 . 0 
5 4000 . 0 9 5 .0 0 . 0 2 . 00 
6 4 0 00 . 0 95.0 7 . 0 150 . 0 
7 4000. 0 9 5 . 0 30 . 0 5 0 . 0 
8 4 0 00 . 0 95 . 0 22.0 14 0 . 0 
9 4000.0 95.0 1.0 2 . 00 

10 4000.0 95.0 2 . 0 0 . 0 
Seg 5 Pa y l oa d d ecrease: WS TR = 200 I bs . WSTR < 0 i s in c r ease. 

To c hange any va I ue, enter Segmen t No. , Na me and Va I u e . 
For I SA Temp, use -500; For I SA+20 Te mp use - 6 0 0 
<Ex . l <CR > Alt <CR > 5000 <CR » . Te rmina te wi t h S e g ~99 . 

S eg ment Name Va lu e 
99 

Figure 3.30 Modified Reconnaissance Mission Profile 
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Helicop t e r Co n ce ptu a l Des i gn Exper t Sys t e m 

Spec ifi c Pa r a met e r s to r the OH 6 

Val u e Par a me t e r Va lue Pa r a me t e r Va lu e 
Pa r a met e r -- - - - - -- ---- - - - -- - -------

1 . 0 2 AR MRO 1. 000 3 BM 4 
AL FA F N 5 FD 0 .03 1 6 Gl.'E 2 4 0 0 2 4 BTR 8 NYI.J CTR 0 9 OMGR TR 6 93 . 0 

7 NE NG 1 THETA! - 9. 0 
1000 1 1 1 2 X 0 . 1 5 0 

10 RPL CTS ig 0.077 1 5 0.300 14 CTS LO 0 . 045 
1 3 XTR DL 4 . 4 1 1 8 

CTSH I o. 1 25 17 DLLO 4 . 0 0 
16 Vt 666.0 2 1 7.50 20 VtL O 500 , 0 
19 DLHI 
?2 llttll 75Q_._Q 

. 
11 s yo u t o c h a n ge s p eci fi c h e li co pt e r p a r a me t ers 

Thi s windo w a o w h . ti· on about t h e m. To c a n g e a p ar am et e r valu e and g e t 1n f o r ma 2 " C " t~,e para meter numb e r Cl t o 2 J a nd th e n e w va lu e. 
e nter . • t . n e n ter " Q " and th e pa r a me t e r num be r. 
T o g e t 1nf o rm a 1° 
TG exit en t er '' E'' . 

Co mm a n d : E 
Pa r a m Nu mb e r : 

3 31 Updated Specific Pa r ameters Figure . for 

He l i co p te r Co n ce p t u a l Des ign Exp e r t Syst e m 

S SP l Des i g n Dat a 

S i .:::e : Ma i n r o t o r r a d i us 
Ma i n Ro t o r c h o rd 
Tai I Ro t o r r a d i us 
Tai I Ro t o r c hor d 

I.J e i g h t : Empt y I.J e i g ht 
Pay l o a d 
Fu e l I.J e i ght 
Gross I.J e i g h t 

Ct/S i g ma 
Di s k l o ad i ng 

T ip S pee d 

10.04 F in Ar m 
0. 7 1 7 F in Ar ea 

1. 92 Ta i I Roto r 
0 . 629 Fl at pl ate 

1083 .3 

0.077 
7 . 500 

750.0 

1 2 .4 6 
0.0 

Arm 
Area 

12 .46 
5.5 3 

1000 . 0 Usef ul Loa d 11 2 1. 9 2 
29 1 . 9 

2375 . 3 

the OH - 6 

D i me ns i o n s are i n f t; Area i s s q . ft; I.Je i g hts ar e in l b s. 

P r ess Fu n c tion Key F l PA GE t o vie w ne x t p age 

1 PAG E 2 CONT 3 ST RT 6 I.J HY ? 7 PR NT 8 MENU 9 HELP 10 EX I T 

Figur e 3.32 OH -6 Optimi z ed Conf i guration S c reen 1 
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He I I c opter Co n ce ptua I Design Exp e rt Sys te rn 

SSP1 Desig n Data 

Ct/S i g ma 
Disk l oad i ng 
Tip Speed 

0.077 
7.500 

750.0 

Power: Total int er me di ate rated p o we r 
Tota l ma x imum co ntinuous power 

4 16.5 
4 16.5 

IRP driv e sys tem power limit 
MCP dri v e syste m power limi t 

3 12 . 1 
3 12. 1 

Power is g iv en in s h p . 

Press Fun c tion Key F 2 CO NT to c ontinue 

Press Functi on Key Fl PAGE to v i ew pr ev i o u s page 

1 PAGE 2 CO NT 3 S TRT 6 WH Y? 7 PRNT 8 MENU 9 HELP 10 EXIT 

Figure 3.33 OH-6 Optimized Configuration Screen 2 

Para me t e r 

Helicopte r Concept u a l Desig n Expert Sys tem 

S pe c ifi c Parameter s for the OH58 A 

Va I u e Pa r a meter Value Par a meter Value 
-- - -- ---- ------ - -------- --------------------- -

ALF AFN 1. 0 2 ARMRO 1 .000 3 BM 2 
4 BTR 2 5 FD 0 . 050 6 GWE 3000 
7 NE NG 1 8 NYWCTR 0 9 OMGRT R 709.8 

10 RP L 1000 11 THETAl -8 . 0 12 X 0. 2 1 0 
13 XTR 0.2 1 0 1 4 CTS ig 0 . 077 1 5 CTS LO 0.045 
1 6 CTS H I 0 . 1 2 5 1 7 DL 3 . 06 18 DLLO 3.00 
19 DL HI 7.50 20 Vt 655.0 2 1 VtLO 500.0 
22 VtH / 750 . 0 

Thi s wind o w a l l o ws yo u to change s pecific helicopter p ara met er s 
a nd g ~ t intormati on abo ut t hem . To c hange a p a rameter value 
e nter " C", the parameter numb er ( J t o 22) a n d th e n e w va l ue. 
To get infor ma ti o n ente r "Q" and the param e t er number . 
To ex it e nt e r ' ' £ '' . 

Co mmand : E 
Para m Num ber : 

Figure 3.34 Updated Specific Parameters for the OH-58A 
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Size : Main r oto r 
Ma in Rotor 
Tai I Rotor 
Tai I Rotor 

--

Heli copte r Conceptua l De s ign Expert System 

SSPl Des ign Data 

radius 
c hord 
radius 
c hord 

C t /S igm a 
Disk l oading 

Tip Spe e d 

11 .72 Fin Arm 
1. 665 Fin Area 

2 . 2 4 Tai I Rotor 
0.924 Flat plat e 

0.077 
7.500 

750.0 

14.4 6 
30.8 
Arm 
Area 

14.46 
10.96 

\./ eight : Empt y \.l e i g ht 1 746.9 

Paylo a d 1 000.0 Us efu l Lo a d 1 3 17.4 7 

Fuel \.l e i g ht 487 . 5 

Gross \.l ei g ht 3234.5 

Dim e n s ions are in ft; Ar ea i s s q . ft; \./ eights are in lb s. 

P r ess Fun c tion Key Fl PAGE t o view next page 

I PAGE ~ CONT 3 STRT 6 \./HY ? 7 PRNT B MENU 9 HELP 10 EXIT 

Figure 3.35 OH-58A Optimized Configuration Screen 1 

Po we r: Tot. a I 
T o tal 

He ) i copter Co n ce ptual Des ign Exp e rt Syste m 

SSPl De sign Data 

Ct/S igma 
Di s k l oadi ng 
Tip Speed 

int e rm e diat e rated p o we r 
maximum co n tinuous power 

0.077 
7 .5 00 

750 . 0 

757 . 1 
75 7 . l 

IRP drive syste m power limit 
MC P dri ve system power limit 

552 . 5 
552.5 

Power is given in shp. 

Press Function Key F2 CONT to continue 

Press Function Key Fl PAGE to view previou s pa ge 

1 PAGE 2 CONT 3 S TRT 6 \./H Y? 7 PRNT 8 MENU 9 H LP 10 EXIT 

Figure 3.36 OH-58A Optimized Configuration Screen 2 
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S ize: Ma in rotor 
Main Rot o r 
Tai I Rotor 
Tai I Rot o r 

He li copter Conce ptual Design Expert System 

SS P1 Design Data 

radius 
c hord 
radius 
chord 

Ct/Sigma 
Disk loading 

T i p Speed 

11. 4 1 Fin Arm 
0.824 Fin Ar ea 

2. 1 8 Tai I Rotor 
0 . 909 Flat plate 

0.075 
7.500 

750.0 

14. 09 
2 9.4 
Arm 
Ar ea 

14.09 
10 . 58 

I.Je i g ht: Empty I.Je i g ht 1600 . 2 
Pay l oad 1000.0 Useful Load 1 295.28 
Fuel I.J e i g ht 465.3 
Gro s s I.Je i gh t 3065.5 

Dim e nsio n s are in ft; Ar ea i s sq .ft; We ights a r e i n lb s . 

Press Fu n ct i o n Key Fl PAGE to vie w next p age 

I P AGE 2 CO NT 3 STRT 6 IJHY ? 7 PRNT 8 MEN U 9 HELP 10 EXIT 

Figure 3.37 
Four Bladed OH-58A Optimized Configuration Screen 1 

Helicopter Concept ual Design Expert Sy stem 

SS P! Design Data 

Ct/Sig ma 
Disk loading 
Tip Speed 

0.075 
7 . 500 

750.0 

Power : To ta l intermediate rated power 
Total maximum co ntinuous power 

7 2 3.6 
72 3 .6 

IRP drive syste m power limit 
MCP drive system power I imit 

527.8 
527.8 

Power is given in s hp . 

Press Function Key F2 CONT to continue 

Pres s Function Key Fl P AGE to view previous page 

1 PAGE 2 CONT 3 STRT 6 IJHY ? 7 PRNT 8 MENU 9 HELP 10 EXIT 

Figure 3.38 
F our Bladed OH-58A Optimized Configuration Screen 2 
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OH6 

He li cop ter Co n ce ptual De sign Expert Sys t em 

Compare De signs 

237 5 .3 l b s Gross Weight 
!RP Power= 416 . 5 h p 

7 . 500 Disk Load in g 
Cl / Sig ma = 0.077 

Con ridenc e lev el of OH6 as the best design: 

l._ ___________ _____ ____________ j90 

OH58A 

Con t idence 
l==::J1 0 

Gr oss Wei g ht 
! RP Power = 

3065.5 
723 . 6 h p 

7 . 500 Disk Loa ding 
C t. / Sig ma = 0.075 

l eve l o f OH58 A as the best design: 

Press F2 CO NT to con tinue. 

'.2 CON T 3 STRT 6 WHY ? 7 P RNT 8 MEN U 9 HELP 10 EX I T 

Figure 3.39 Comparison of Design Configurations 
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Main Roto r Data 

Disk Loading = 7 . 5 psf 

Tip Speed = 7 5 0 fps 

C 
_t. = 0.077 
O' 

Number of Blades = 4 

Blade Length= 10 . 04 ft 

Blade Chord = 0.717 ft 

Blade Tw i s t= - 9° 

Tail Rotor Data 

Tip Speed = 693 fps 

Number of Blades = 2 

Blade Length = 1.92 ft 

Blade Chord = 0 . 63 ft 

Distance f r om Main Rotor Shaft= 28.44 ft 

Helicopter Weight 

Gross Weight= 2 3 75 lbs 

Empty Weight = 1083 lbs 

Useful Load = 11 22 lbs 

Empty Weight Ratio = 0.456 

Engine Data 

Installed Powe r <IRP ) = 416 shp 

Installed Power <MCP) = 416 shp I 
Drive System Power Limit = 312 shp I 

_____ ___J 

Figure 3 . 4 0 

F i nal Configuration for the Re co nnaissance Helicopter 
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~ Conclusions 

CHAPTER l..!l 
CONCLUSIONS~ RECOMMENDATIONS 

The primary goal of this thesis was to demonstrate how 

expert systems might be used in helicopter conceptual 

design. From the development of XSPl, three conclusions can 

be stated: 

1) The ideal expert assistant outlined in chapter 3 is 

possible. The development of XSPl demonstrates one way 

expert systems can be applied to helicopter conceptual 

design, as an expert assistant. By being a subset of the 

ideal expert assistant, XSPl validates the concept of 

applying expert systems to helicopter design. 

2) The concept of developing a helicopter design expert 

system on a single user computer is valid. The scope of 

an expert system like XSPl is not so large that it cannot 

be handled by a smal I computer. 

3) Two other types of expert systems can be developed 

for helicopter design. XSPl represents a branch point for 

the application of expert systems in helicopter design. 

First, the concept of the expert assistant can be extended 

so that the KBS is a teaching tool. The emphasis would be 

on explaining the process used in conceptual design and on 

the various trade-offs which can be made in the design 

iteration to achieve a configuration. Alternatively, the 

user's approval can be minimized in the expert system's 

decisions and the program would be relatively stand alone 
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and would act as the designer. This requires an 

extensive, adaptive and well defined ruleset for the 

system to arrive at configuration. 

4.2 Recommendations 

The program developed here only scratches the surface 

of an expert system for helicopter conceptual design. The 

most important addition would be a tracing feature which 

monitors the user's decisions regarding advice given by the 

assistant. This feature keeps the program from stagnating 

and becoming obsolete by al lowing the rule and knowledge 

bases to grow. Second, other algorithmic programs Ceg. SSP2 

- helicopter performance program) should be added to th e 

system to increase the design capabilities. Third, more 

design goals, such as designing for minimum cost, should be 

incorporated into the system. 

The three enhancements listed are the most important, 

but some others should not be ommitted. The expert system 

should be able to accept a greater range of RFP 

specifications. Also, different optimization methods should 

be explored. First order methods such as the 

Fletcher-Reeves method of conjugate gradients, might be more 

appropriate than zero order methods because the gradient of 

the gross weight function can be steep. Third, graphics 

should be incorporated to aid expla i ning concepts and 

p res enting information. Finally, the deficiencies of SSP1 

should be addressed. For example, SSPl uses the blade root 
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cutout for weight estimation only. The aerodynamic effects 

on rotor size and weight are not considered. 

4.3 Summary 

In summary, the expert assistant developed in this 

thesis has shown one way to employ expert systems in 

helicopter design. In should not be viewed as the end of 

development in the application of KBS in helicopter design 

but rather as the beginning. XSP!'s development has raised 

many interesting questions which should be examined. 
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