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President’s Message

Spring is here, and it’s hard to believe I have been 
your President now for a year.  I am honored 
and humbled to have received your support for 
a second term.  Thanks very much!  It has been 
a whirlwind of activity with many challenges, but 
with the incredible support of our SAWE Executive 
Committee and all of our volunteers we have made 
some great accomplishments for our Society.  Here 
are some highlights:

• Covid forced us to reschedule our in-person 
conference in Cocoa Beach to 2023.  We 
quickly pivoted to our second successful Virtual 
Tech Fair in November 2021.  Thanks to the 
Space Coast Chapter for their eff orts despite 
the rescheduling.  We will need you in 2023.

• We matured our Certifi ed Mass Properties En-
gineer (CMPE) program, held our fi rst exam, 
and now have four certifi ed members.  Another 
test is scheduled for the 2022 Savannah con-
ference in May.

• RP-O3 and RP-O7 were published by the 
Standards and Practices Committee.  Great 
work!

• Airline Aff airs was renamed to Civil Aircraft to 
be more inclusive.

• We created virtual AWBS and Aircraft Weight 
and Balance classes and successfully deliv-
ered them to customers. Our Training Program 
continues to be a great source of revenue.

• Our Scholarship Program switched to online 
applications administered by SAWE rather 
than Scholarship America.

• We transitioned from Group Offi  ce to Next-
Cloud for our fi le sharing repository.

• We are in the process of updating our online 
presence and marketing materials.

• Our Technical Committee conducted three 
virtual Tech Forums and delivered high quality 
transcripts and video to attendees.

• MindEdge class off erings were incorporated 
into our Training Program.

• New Mexico Tech offi  cially became a SAWE 
Student Chapter.

Our 81st International Conference on Mass Prop-
erties is here!  We are excited to host our fi rst in-
person event in two years in beautiful and historic 
Savannah, Georgia!  Special thanks to Gulfstream 
for supporting us at the Diamond level, and to our 
Southeast Region Host Committee.  

On another note, I was recently asked to help a 
large aerospace company put together a business 
case for partnering with SAWE.  My response was 
as follows:

Partnership Scope and Objectives

Mass Properties is a critical discipline that is 
integral to every product’s performance, safety, 
and customer satisfaction.  SAWE is the world’s 
premier source of Mass Properties knowledge and 
technical excellence and has been since 1939.  
As a non-profi t society we rely on our members’ 
employers to support our eff orts in creating and 
maintaining a pool of technical experts in our disci-
pline. Our mission is to ensure that knowledge and 
lessons learned are passed on from one genera-
tion to the next.  

We at SAWE can help your company as follows:

• Deliver training to ensure your Mass Properties 
Specialists have the proper knowledge and 
experience to make your programs successful.

• Certify your Mass Properties Specialists.

• Mentor your team by connecting them with 

SAWE International President 
 Damian Yañez
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Mass Properties experts from around the 
world.

• Provide access to our extensive library of 
technical papers, publications, textbooks, and 
standards.

Your company can help us in the following ways:

• Financially support SAWE by becoming a 
Corporate Partner.

• Provide guidance in the creation and improve-
ment of Mass Properties standards, processes, 
curriculum, etc.

• Support your company’s Mass Properties 
Specialists by enabling them to attend SAWE 
training, conferences, and technical forums.

• Encourage your team to write papers for inclu-
sion in our library and present their work at our 
events.

Risks, Issues and Opportunities

• An imminent shortage of qualifi ed Mass Prop-

erties Specialists is threatening the success 
of companies’ projects and products in every 
industry.  Our aging workforce must be replen-
ished and the transition to a new generation 
needs to happen quickly before much of our 
critical knowledge and experience is lost.  Lack 
of company support for non-profi t professional 
societies such as SAWE is increasing this risk.

• Since there is no focused collegiate curriculum 
for Mass Properties Engineering, knowledge 
transfer in our fi eld must be done through 
mentoring and SAWE is at the forefront of this 
mission.

• With the proper support we have the opportu-
nity to work together to mitigate the risks and 
ensure a well-qualifi ed and educated workforce 
for the future.

Please feel free to share this message with your 
employer.  Help Us Help You!

If you are not a member, I encourage you to join!  

Feel free to contact me with any questions at 
Damian.Yanez@sawe.org.

Airplane landing at Miami International Airport with Downtown Miami skyline in the background
Ernesto Juan Castellanos, Shutterstock
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SAWE CORPORATE PARTNERS

Corporate Partners - Silver

The companies whose logos appear below are SAWE Corporate Partners. Corporate Partners have expanded 
benefi ts within the Society. To see the benefi ts of corporate partnership, check our website at:

http://www.sawe.org/about/membership/corporate



You want a job done right?  You hire a professional.

Congratulations to Damian Yañez and Robert 

Zimmerman for becoming the fi rst Mass 

Properties Engineers that the SAWE has 

certifi ed at the Expert Level.  Join them by 

taking the Mass Properties Certifi cation 

Exam and show that you have what it takes 

to be a professional! Find out more at

sawe.org/training/sawe-certification/ 
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Certifi ed.  I am a Certifi ed Mass Properties Engineer.  I 
have taken the test and I passed.

Why?  After all, I am retired, nearly a septuagenarian, 
unlikely to be employed again, particularly as a mass 
properties engineer.  Right now, you can count the num-
ber of Certifi ed Mass Properties Engineers on the fi n-
gers of one hand.  We few are the vanguard, the fi rst of 
many to come.  We set the example, and that example 
will bring an understanding by both those certifi ed and 
those who desire informed mass properties engineers 
that there is a basic knowledge required to be an eff ec-
tive mass properties engineer.

My professional journey began in the 1970’s, a time of 
stagfl ation, disco and polyester, and general malaise.  
I had a technical degree (Physics) and a desire to be 
in aerospace.  I interviewed at several companies in 
Wichita, got multiple off ers, and chose a company that 
off ered subsidized fl ight training, as I always wanted to 
fl y.  I started in the Weight Control group, and began 
calculating weight, CG, and MOI of parts, which then 
got integrated into a database that modeled a new 
aircraft.  Mathematically, the work was interesting.  As 
I showed ability, I was given more complicated tasks, 
including running plots of CG vs fuel burn, landing gear 
kinematics, and control surface mass properties.  I was 
also taking fl ying lessons.

My instructor, Jim, was a big man, pushing 300 pounds.  
When he sat in the plane, he took all of his seat and 
part of mine.  Calculations showed that with full fuel, 
the aircraft we fl ew was overweight.  Nevertheless, up 
we went on fl ight after fl ight.  Then came the big day, 
my fi rst solo, three times around the pattern, three take-
off s, three landings.  Jim got out, I taxied to the end of 
the runway, pushed the throttle in, and I was suddenly in 
control of something unfamiliar.  Acceleration was, well 
– not brisk, but peppier than I was used to.  Climbing 
out, I saw climb rates much higher than I’d seen in all 
the times I’d fl own this plane, reaching pattern altitude 
before reaching downwind.  And the descent to landing 
was shallower, to the point that I landed much farther 

down the runway than I had intended.  The next two 
circuits were similar, except I anticipated the descent 
rate better.

It was a revelation – what I was doing for my job was not 
some mathematical exercise – there were real-world 
consequences tied to mass properties.  I began paying 
attention to physical objects, subconsciously calibrating 
the mass properties of my world.  Length times width 
times height times density equals weight.  Where’s the 
CG of that car, vertically and front to back?  What does 
it weigh?  Conversely, I started the long process of see-
ing how a design evolves, how the diff erent pieces fi t to-
gether and what drives design decisions.  For example, 
the horizontal tail of an aircraft in level fl ight provides a 
downforce suffi  cient to equal the moment that the CG 
has driving the nose down about the center of lift.  How 
much structure is required so that this downforce tilts 
the aircraft without bending it?  That, plus margins drive 
the weight of that structure.  Over time, that became 
wondering how to minimize the weight without compro-
mising some other aspect.

I changed companies and went to work in the space 
world – rockets and spacecraft.  Now there was another 
aspect added – POI.  The three-dimensional placement 
of individual components became important.  I learned 
to visualize the consequences of component placement 
on axis misalignment.  My second spinning spacecraft 
drove me to improve on the process I’d been taught.  
That process utilized a program that required multiple 
computer runs to adjust positions, check the resulting 
POI’s, calculate the misalignments which then could be 
compared to the requirement.  I created a spreadsheet 
that combined all the calculations and would instantly 
give me the result from any change.  This had two un-
expected consequences.  One, since it was fairly early 
in the proposal phase, I was free to experiment with 
component placement.  My fi rst run of the spreadsheet, 
with the parts where the designers had placed them 
was well outside the pointing requirement.  I visualized 
what I was seeing spinning about and realized that if I 
moved a couple of components that the majority of the 

Why I took the Mass Why I took the Mass 
Properties Certifi cation ExamProperties Certifi cation Exam

By Robert Zimmerman
SAWE VP Technical Director
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misalignment would go away.  I presented this concept 
to the team, and the chief scientist came up to me and 
said this solved one of his most perplexing problems.  
With this as the new baseline, then it became a matter 
of small adjustments of other components to meet the 
pointing requirement.  Then came the second surprise 
– when we turned the proposal in to the customer, the 
customer was so impressed with my automated solu-
tion they requested it be given to them.

I continued my career.  People I’d worked with on one 
program I ran across on other programs.  I had one 
program director tell me “The aerospace community is 
small.  You can move around and meet almost every-
one, or you can stay at one company and they’ll come 
by and meet you.”  I stayed at one company, and quite a 
few of those I’d worked with became leads, managers, 
people in high places.  And they knew me and asked for 
me when there were tough mass properties problems.  
And this was because I had the knowledge and expe-
rience, and the people in charge knew that I had the 
knowledge and experience.

Today, things are diff erent in one key aspect – there is 
much more turmoil in the workplace.  Fewer and fewer 
mass properties engineers spend their career at one 
company.  Those that have done so are nearing retire-
ment or have retired.  Today’s mass properties engineer 
probably don’t have the luxury of long association with 
people in high places that have fi rst-hand knowledge of 
a mass properties engineer’s experience.  Nor do they 
have a way to determine if their engineers actually have 
the knowledge to do their job.

That is until now.  The SAWE has instituted a Certi-
fi ed Mass Properties Engineer program.  The fi rst few 
adventurous engineers have successfully passed the 
certifi cation exam.  The exam itself tests an applicant’s 
knowledge and understanding of mass properties.  Now 
we have a means to objectively show management and 
customers that an engineer has the required knowledge 
to perform in a mass properties role.  This should bring 
confi dence to customers, employers, and employees 
alike, that engineers know what they are doing.

Right now there is no requirement that a mass prop-
erties engineer be certifi ed, no requirement from a 
customer that a company’s engineering staff  include 
certifi ed engineers.  But that could and should change 
as more engineers get certifi ed, and the supervisors, 
employers and customers gain confi dence in knowing 
that there is a standard to which their engineers strive 
to meet.

Circling back to the beginning – why should anyone 
get certifi ed?  Two reasons immediately spring to mind, 
depending on where you are in your career.  If you 
are new or relatively new, certifi cation will bolster your 
confi dence and bolster your employers’ confi dence in 
you.  And that bodes well for your career.  If you are an 
experienced engineer, certifi cation also bolsters your 
confi dence and your employer’s confi dence, but it also 
places you on the path to mentorship.  Mentoring others 
not only helps the mentee, but also boosts the mentor 
both mentally and within the eyes of your employer.  
And for someone like me, past the employment stage, 
it is that certifi cation institutionalizes the mentoring rela-
tionships that I may have.
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ISO 19901-5:2016 Weight control during engineering and construction 
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Initial Weight Estimation of Twin-Fuselage Configuration in Aircraft 

Conceptual Design 
Yiyuan Ma1, Jin Yan2, and Ali Elham3 

Technische Universität Braunschweig, 38108 Braunschweig, Germany 

 

Abstract: The Ultra-High Aspect Ratio Wing (UHARW) concept can improve the aircraft's aerodynamic 

efficiency and reduce fuel consumption. The Twin-Fuselage (TF) configuration is one of the most 

promising concepts for the UHARW design to reduce the wing bending moments and shear forces. This 

paper presents the development of a semi-empirical method for the weight estimation of TF aircraft in the 

initial sizing stage. A physics-based wing weight estimation method is improved for higher aerodynamic 

analysis fidelity and composite materials, which is used in the design of experiments and the results are 

applied for regression analysis to establish a semi-empirical method. Eventually, the established semi-

empirical weight estimation method is integrated into a TF aircraft conceptual design and performance 

analysis framework, and a mid-range TF aircraft and a long-range TF aircraft are designed and sized to 

illustrate its application and efficiency in rapidly estimating the TF aircraft weight breakdown. 

Keywords: Twin-fuselage configuration, initial weight estimation, vortex lattice method, composite 

materials, aircraft conceptual design 

 

1. Introduction 

NASA and European Commission have put forward stringent sustainability goals for the next-generation 

transport aircraft in recent years, including significant reductions in CO2, NOx, noise, etc [1, 2]. In 

addition, an unexpected revolution in air transportation is needed to recover the aviation industry, which 

has been affected seriously by the unexpected COVID-19 pandemic, to restore its competitiveness, and to 

                                                 
1 PhD student, Institute of Aircraft Design and Lightweight Structures 
2 Graduate student, Institute of Aircraft Design and Lightweight Structures 
3 Professor, Institute of Aircraft Design and Lightweight Structures 
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address future climate goals. Accordingly, a lot of research is underway, including novel configurations 

[3], advanced airframe technologies [4], high-efficient and low-cost design methods [5], etc., to achieve a 

step-change in aircraft performance. One of the most promising solutions to achieve this purpose is the 

Ultra-High Aspect Ratio Wing (UHARW) configuration, which can improve aerodynamic efficiency and 

reduce fuel consumption significantly [6]. 

However, the bending moment and shear force in the UHARW structure is significantly larger than that 

of the conventional aircraft wings. The UHARW structure needs to be strengthened to carry the larger 

loads, which results in a significant increase in the wing weight. Therefore, some novel concepts need to 

be used to lift the wing bending moment and shear force, so as to maximize the benefits of the UHARW 

concept.  

Robust- and sustainable-by-design ultra-higH aspEct ratio wing and Airframe (RHEA) is a European 

Union-funded project within the Clean Sky 2 Joint Undertaking (rhea-cleansky2.org/). The RHEA 

research team, composed of TU Braunschweig (DE), University of Strathclyde (UK), Imperial College 

(UK), DNW Wind Tunnels (NL), and IRT-Saint Exupery (FR), aims to design next-generation passenger 

aircraft with ultra-high aspect ratio wings and associated airframe to improve aircraft fuel efficiency. To 

this end, the overarching objective of RHEA is to improve the aerostructural design and efficiency of 

UHARW by combining advanced numerical and experimental methods for Multidisciplinary Design and 

Optimization (MDO). 

The twin-fuselage (TF) configuration can significantly reduce the wing bending moment and allow for a 

lighter wing weight by replacing the large mass of the centrally positioned fuselage with two masses 

positioned outboard [7]. Besides, since the skin thickness of a pressure cabin is proportional to its volume, 

a reduction in the fuselage weight can be expected due to the smaller individual fuselage diameter of the 

TF configuration [8]. Therefore, the TF configuration is considered as one of the solutions to utilize the 

UHARW design in the RHEA project. The TF configuration has been successfully researched and 

implemented on large transonic airplanes and unmanned aerial vehicles (UAVs), demonstrating the 

maturity of related technologies. For example, Scaled Composites developed a TF aircraft Stratolaunch 

carrier aircraft for an air-launch space access system, which is the largest all-composite aircraft ever built 
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[9]. Virgin Galactic developed a four-engine TF aircraft WhiteKnightTwn to launch the sub-orbital vehicle 

SpaceShipTwo [10]. The German Aerospace Center (DLR) has developed and flown a 4-seat TF aircraft 

HY4, which is powered by a hydrogen fuel cell system [11]. Ma et al. [12] developed and flight-tested a 

TF aircraft with distributed electric propulsion. Moreover, there are many studies on TF transport aircraft. 

Lockheed and NASA performed the conceptual design and wind tunnel experiments for a large cargo TF 

aircraft in the same class as the Boeing 747 transport aircraft and C-5A [13] and conducted the simulator 

study of its flight characteristics during approach and landing [14]. Chiesa et al. [15] presented a TF 

aircraft preliminary design study. Vedernikov et al. [16] analyzed the advantages of the TF configuration 

through a design case based on the prototype of A320.  

However, these studies on the TF aircraft design neither introduce the complete design framework and 

process, nor present the conceptual design methodology, which is challenging to be used as a reference in 

the TF aircraft design. Besides, weights estimation is particularly important in conceptual design due to 

its notable impact on the overall aircraft performance. Udin et al. [17] developed a semi-analytical wing 

mass estimation method for the TF aircraft configuration, which is a class II & 1/2 wing mass estimation 

method and requires detailed wing design parameters. In contrast, a semi-empirical weight estimation 

method that requires fewer inputs and has acceptable accuracy is more suitable for the early design stage 

of TF aircraft. Semi-empirical weight estimation methods are presented in many aircraft design handbooks 

for conventional aircraft [8, 18]. These methods are either too complex for the initial sizing of the TF 

aircraft or are applicable only for conventional configurations. Therefore, a semi-empirical weight 

estimation method for the TF configuration applicable to the initial sizing is required. 

To this end, a semi-analytical TF aircraft wing mass estimation method is improved in this work, including 

improved fidelity of aerodynamic load estimation and extensions to advanced composite materials. Design 

of Experiment (DoE) and regression methods are used to establish a class II wing mass estimation method 

for TF aircraft based on the modified physics-based method. Finally, the class II method is integrated into 

a TF aircraft conceptual design framework and two different classes of TF passenger aircraft are designed 

to illustrate the design process of the TF aircraft and to demonstrate the application of the developed TF 

aircraft mass estimation method. 
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2. Methodology 

The weight estimation methodology presented in this section is a combination of the method for the 

classical aircraft weight estimation method [18, 19] and the semi-empirical wing mass estimation method 

developed for the TF configuration. 

2.1. Initial Weight Estimation 

According to the classical aircraft design method [18], the maximum takeoff mass can be expressed as: 

                               TO crew pay f em m m m m                             (1) 

where crewm  is the crew mass, paym  is the payload mass, fm  is the fuel mass, and em  is the empty 

mass. 

In Eq.(1), crewm  and paym  can be obtained from the Top-Level Aircraft Requirements (TLAR), and the 

fuel mass can be calculated by the Breguet range equation which is with respect to the design range from 

the TLAR. For conventional aircraft, the empty mass is calculated by the empty mass fraction ( e TO/m m ), 

which can be estimated statistically from historical trends developed based on the database. However, this 

estimation method is only applicable to conventional aircraft and cannot show convincing accuracy for 

unconventional aircraft, such as the TF configuration, due to the lack of these novel aircraft configuration’s 

real statistical data. Since the most significant difference between the TF aircraft and conventional aircraft 

is the wing mass estimation method due to the different load distribution, this paper establishes a semi-

empirical wing mass estimation method for the TF aircraft applicable to the initial sizing stage, which is 

presented in subsequent sections. 

Since the mass estimation method for other components of TF aircraft is similar to that of conventional 

aircraft, including fuselage, tailplanes, engines, etc., the classical mass estimation method FLOPS [19] is 

used. According to the FLOPS, the fuselage mass can be calculated by: 

                     
1.28

f f f e c f1.35 1 0.05 1 0.38m L D N F N                  (2) 

where fL  is the total fuselage length, fD  is the average fuselage diameter, eN  is the fuselage mounted 
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engines’ number, cF  is the cargo aircraft floor factor (0.0 is for passenger aircraft and 1.0 is for military 

cargo aircraft), and fN  is the fuselages’ number. 

And the horizontal tail and vertical tail masses can be estimated as: 

                             0.2
ht ht ht0.53 0.5m S DG                       (3) 

                            0.3 0.7
vt vt vt vt0.32 0.5m S DG N                    (4) 

where htS  and vtS  are the areas of the horizontal tail and vertical tail, respectively, DG  is the 

designed gross mass, ht  and vt  are the taper ratios of the horizontal tail and vertical tail, and vtN  is 

the number of vertical tails. 

More details of the other components’ mass estimation method, including engines, landing gears, paint, 

systems, etc., can be found in Ref. [19]. 

2.2.Wing Mass Estimation Method 

This section presents the development of a semi-empirical wing mass estimation method for the TF 

configuration based on a modified physics-based method. 

2.2.1. Improvement of a Semi-Analytical Wing Mass Estimation Method 

The most significant difference between TF aircraft and conventional aircraft in the initial sizing is the 

wing mass estimation approaches due to their different load distribution [16], as illustrated in Fig. 1, which 

means that the conventional aircraft’s wing mass estimation methods do not apply to the TF configuration. 
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Fig. 1. Wing bending moment comparison between TF configuration (right) and conventional 

configuration (left) [16]. 

 

Udin et al. [17] developed a semi-analytical wing mass estimation method for the TF configuration, 

estimating the wing structural mass through integrating the wing spanwise mass distribution, including 

wing structure mass, fuel mass, and concentrated mass such as the engines, with the aerodynamic load. 

The wing structural relative mass is expressed as 

                       s sl tw man rib ail sk flapM Qm k k k m m m m m m                 (5) 

where sm  is the relative wing structural mass, slk  is the service life factor, twk  is the twist moment 

factor, and mank  is the manufacturing factor, ribm  is the relative rib mass, ailm  is the relative ailerons 

mass, skm  is the relative load free wing skin mass, flapm  is the relative flaps mass, and Mm  and Qm  

are the estimated relative structural mass counteracting the wing bending moment and shear force, which 

can be calculated as 

                            
2 1

sum
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2 d
4 ( )cos

z
M T
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                      (6) 

                                
1
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where  is the structural material density, zn  is the design load factor, g  is the gravitational 
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acceleration, u  is the ultimate direct stress, us  is the ultimate shear stress, b  is the wing span,  

is the wing half-chord sweep, sumMo  and sumQ  are the total reduced bending moment and the total 

reduced shear force caused by aerodynamic loads, wing structural mass, fuel mass, and concentrated mass, 

which can be obtained by integrating the spanwise distributed loads: 

                                 
1

 d
y

Mo y Q y y                              (8) 

                                  
1

 d
y

Q y q y y                              (9) 

where q y  represents the wing spanwise distributed loads, including aerodynamic load, fuel mass, 

wing structural mass, and concentrated loads. 

For the aerodynamic estimation, a linear equation is used in this method to model the wing spanwise 

distribution of aerodynamic loads, which is given by: 

for the inboard wing section ( f0 y y ): 

                                a
f

2
1 1

q
y

                            (10) 

and for the outboard wing ( f 1y y ): 

                           f
a

f

1 / 1 1
2

1 1
y y

q
y

                      (11) 

where  is the wing taper ratio, and fy  is the fuselage spanwise location. 

The wing secondary structures mass can be estimated by existing semi-empirical methods [8, 17]. Some 

of them are shown below. 

The total aileron mass can be estimated by [8]: 

                               
0.044

ail ref bal ail ref3 /m m k S S                          (12) 

where refm  is the reference specific weight, which is equal to 256 N/m  for Al-alloy skins, ailS  is the 
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total platform area of all ailerons, refS  is the wing reference area. The factor balk  is 1.0 for unbalanced 

ailerons, 1.3 for aerodynamic-balanced ailerons, and 1.54 for mass-balanced ailerons. 

The mass of leading-edge flaps can be calculated as: 

                               
0.183

LE ref LE ref4.83 /m m S S                         (13) 

where LES  is the leading-edge flaps mass. 

The mass of trailing edge flaps can be calculated by: 

                            0.35

ref sup slot ref TO r1.7 1 /m k k m m m                      (14) 

where 6
r 10  Nm , and the factor supk  and slotk  represent the flap motion support and the number of 

slots, which can be found in Ref. [8]. 

Besides, miscellaneous items' mass should also be considered, which represents the scattered mass 

components. Since TF aircraft’s landing gears could be stowed underneath the fuselage cabin floor, i.e., 

no extra fairings are required for landing gears, the mass of the miscellaneous items for TF aircraft should 

be relatively small, weighing less than 1% of the wing mass [8]. 

The linear approximation method for lift distribution in the wing box structure is not accurate enough for 

a physics-based wing mass estimation method. Besides, since this method was published decades ago, it 

does not apply to advanced composite materials. These shortcomings will be improved in the subsequent 

sections. 

a. Aerodynamic Analysis Fidelity Improvement 

Aerodynamic loads account for a remarkable proportion of the total wing loads. Therefore, it is necessary 

to estimate it accurately, otherwise, the estimated wing mass will have a significant error. 

In this work, a VLM tool AVL [20] is integrated into this method to estimate the wing spanwise 

aerodynamic loads ( aq ) distribution according to the input wing geometries. By integrating aq  along the 

wing span, one obtains the reduced shear force aQ  due to the aerodynamic loads. Then integrating aQ  

along the wing span, one obtains the reduced bending moment aM  due to the aerodynamic loads. 
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A comparison of the spanwise distribution of aq , aQ , and aM  of the VLM and the original linear 

approximation method is shown in Fig. 2. It can be seen that there is a significant difference in the 

spanwise aerodynamic loads' distribution between the VLM and the linear approximation method, 

resulting in different distributions of aQ  and aM . 

 

 

Fig. 2. Spanwise distributions of reduced quantities caused by aerodynamic loads. 

 

b. Improvement for Composite Wings 

It is clear that composite materials will be the major material for the next-generation transport aircraft. 

Therefore, the presented wing mass estimation method needs to be improved. In preliminary design, the 

cut-off strain method can be used to size the composite wing structures, which are determined according 

to the worst of all situations [21]. The cut-off strains combined with the 10% rule [22] are used to calculate 

the allowable for composite materials. Elham et al. [21] presented the laminate properties of composite 

materials based on the proposed approaches, and the maximum allowable stress in the wing box lower 

panel can be expressed as 

                                     max,l x tE                                 (15) 

where xE  is the laminate stiffness in the x-direction and t  is the cut-off tensile strain. The maximum 
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allowable stress in the wing box upper panel is given by 

                                     max,u x cE                                 (16) 

where c  is the cut-off compressive strain. Besides, the buckling stress can be calculated by 

                               
1/42

max,b x00.725 PF E Z
L

                        (17) 

And the maximum allowable shear stress can be expressed as 

                                     max xy sG                                  (18) 

where xyG  is the laminate shear stiffness and s  is the cut-off shear strain. 

The required laminate properties in the above equations can be calculated by the 10% rule [22], as follows: 

                                 x x00.1 0.9
100
mE E                            (19) 

                             y x0
1000.1 0.9 100

100
m nE E                      (20) 

                               xy x00.028 0.234
100

nG E                         (21) 

                               xy yx
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                         (22) 

where m  is the plies’ percentage at 0 degrees, n  is the plies’ percentage at 45  degrees, and x0E  is 

the stiffness of the unidirectional lamina along the principal direction. 

c. Iteration Loops 

In this semi-analytical wing mass estimation method, a guess value of the wing structural mass is required 

as one of the initial inputs. For conventional aircraft, there is a well-known 12% rule [23], i.e., the wing 

mass can be estimated as 12% of the MTOW. The initial input for the wing structural mass can be taken 
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as 12% of the MTOW, and an additional iteration loop is required to compare the calculated wing structural 

mass with the initial input value. If their difference is less than the convergence criteria, the calculation 

result of the wing mass is output, otherwise, the wing mass obtained from this iteration is calculated again 

as the input value until convergence. 

d. Validation 

The modified semi-analytical wing mass estimation method that improves the accuracy of aerodynamic 

analysis and extends the composite material model is validated in this section.  

The wing mass estimation method presented in this paper is intended for the advanced TF concept. 

However, so far there are no data available on “real” wing mass for metallic or composite TF aircraft. 

Nevertheless, the presented physics-based wing mass estimation method is also applicable to conventional 

aircraft if fy  equals the fuselage radius [17]. In this paper, several metallic medium-range and long-range 

aircraft and composite medium-range and long-range aircraft were selected for validation, including 

B737-200 [24], A320-200 [25], B777-200 [26], A330 [27], D8 [1], PFC [28], and B787 [29]. The results 

are shown in Fig. 3, including results obtained with the original method proposed by Udin et al. [17], the 

modified method presented in this paper, and the wing mass data from the above-cited references. It can 

be seen that the accuracy of the modified method fluctuates for the analysis of different aircraft’s wing 

mass, but in general, is more accurate than the original method. 
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Fig. 3. Validation of medium-range and long-range aircraft with conventional aluminum and CFRP 

materials (“Original” means the method from Ref. [17]; “Modified” means the presented method in this 

paper). 

 

2.2.2. Development of a Semi-Empirical Wing Mass Estimation Method 

As described, the development of semi-empirical (class II) wing mass estimation methods with sufficient 

sensitivity to important design parameters is necessary for the conceptual design or initial sizing of 

unconventional aircraft. In this paper, the semi-empirical methods are developed for four kinds of TF 

aircraft: MR with metallic materials, LR with metallic materials, MR with composite materials, and LR 

with composite materials. For each interested configuration, typical design parameters are selected and 

DoE is performed with the improved physics-based wing mass estimation method. Finally, the estimated 

wing mass results are used in a multiple linear regression to obtain the semi-empirical equations. 

a. Equation Form 

The semi-empirical method for the TF aircraft’s wing box mass has the following form: 

      ws t zfV zem AR nz
mwingbox TO f e/ cos / 1 1E E E E EE EE E E

Zm C m W S AR t c V n Z Z    (23) 

where the different exponents E  and the constant C  are used for each configuration, TOm  is the 
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maximum take-off weight, /W S  is the wing loading, AR  is the wing aspect ratio, is the wing 

quarter-chord sweep angle, /t c  is the average wing airfoil relative thickness to chord ratio, mV  is the 

maximum operating velocity (m/s),  is the wing taper ratio, Zn  is the maximum positive load factor, 

fZ  is the relative spanwise fuselage location, and eZ  is the relative spanwise engine location. 

In addition, the wing secondary structures mass can be estimated using the semi-empirical methods 

presented in Sec. 2.2.1. 

b. Assumptions 

Conventional aluminum structures made from 7075 aluminum are used for the metallic TF aircraft wing 

box, including covers, spars, webs, and ribs. While the CFRP material is used for the composite TF aircraft 

wing box, which is built with the graphite-epoxy composite. The wing covers are made of 50% fibers in 

the center axis direction, 38% fibers in 45 , and 12% fibers perpendicular to the axis [30]. According to 

the fiber layup approach, the maximum allowable stresses and shear forces in the wing box panels and 

webs can be estimated using Eqs. (15-18). 

Some typical design parameters are included in Eq. (23), but there are many more parameters influencing 

the wing mass, including wing platform geometry, structure layout, etc. In order to make the established 

equations applicable to the early design stage, some assumptions are necessary.  

The geometry definition of a TF aircraft wing is shown in Fig. 4. It is assumed that the inboard wing 

section is not swept and tapered and that the inboard/outboard wing sections are joined at the fuselage 

centerline. The outboard wing section is tapered, and the engine is assumed to be installed on the outboard 

wing section. 
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Fig. 4. Wing platform geometry definitions. 

 

The maximum operating Mach number is assumed a function of the outboard wing section sweep angle 

and wing thickness-to-chord ratio according to the Korn equation [31], as 

                             L,desa
m 2 3

/
cos cos 10cos

Ck t cM                       (24) 

where ak  is the airfoil technology factor, which is taken as 0.93 in this paper and L,desC  is the designed 

lift coefficient, which is assumed as 0.45 in this paper. 

In addition, the ailerons area factor is assumed as 0.06, the flaps area factor is assumed as 0.18, the leading 

edge flap motion support is assumed to be Fowler flaps with hooked tracks, and the trailing edge flaps are 

assumed to be double-slotted flaps with articulating vanes. 

Most of the presented assumptions are typical for transport passenger aircraft with some minor 

modifications considering the characteristics of the TF configuration. Some values may be very rough 

estimates, but this formula is established for the initial sizing purpose providing approximation values for 

the next stage of high-fidelity wing mass estimation, so these rough estimates are considered acceptable 

here. 

Design of Experiments 

DoE is used for regressions to calculate the exponents E  and the constant C  in Eq. (23). The DoE 

method of Latin Hypercube Sampling (LHS) is selected to sample the design space since it covers the 

design space uniformly. One hundred of samples were generated for each configuration, and the lower and 

Fuselage location

Engine location

Symmetrical axis

Λ
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upper bounds of the design parameters for the mid-range aircraft and long-range aircraft are listed in Table 

1, separately. 

 

Table 1. Design variables boundaries 

Design variables Mid-range aircraft Long-range aircraft 

TO, kgm  40,000 80,000 200,000 300,000 

2/  N/mW S  4,500 6,500 6,500 8,000 

AR  15.0 30.0 15.0 30.0 

, deg  10.0 25.0 15.0 30.0 

/t c  0.1 0.16 0.1 0.16 

m, m/sV  200 260 200 260 

 0.2 0.4 0.2 0.4 

Zn  1.5 2.5 1.5 2.5 

fZ  0.1 0.2 0.1 0.2 

eZ  0.3 0.4 0.3 0.4 

 

c. Regression Analysis 

The 100 DoE samples are calculated for each configuration and material, including the metallic MR-TF 

aircraft, the metallic LR-TF aircraft, the CFRP MR-TF aircraft, and the CFRP LR-TF aircraft, with the 

improved physics-based wing mass estimation method. The multiple linear regression was used to obtain 

the exponents and constants in Eq. (23), and the results are given in Table 2.  

In the application of this method, the corresponding data from Table 2 can be selected and substituted into 

Eq. (23) for the analysis according to the mission type and the structural material. 
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Table 2. Wing box constants and exponents for each concept and material 

Aircraft C mE  wsE  ARE  E  tE  VE  E  nzE  zfE  zeE  

Al 
MR -12.8809 1.4487 -0.3817 1.3147 -1.0650 -0.8390 0.1452 2.4358 0.9128 2.6202 -0.1853 

LR -11.5310 1.3841 -0.3424 1.1530 -0.6774 -0.7501 0.1554 2.3890 0.8221 2.5165 -0.1891 

CFRP 
MR -13.1132 1.4732 -0.4303 1.3034 -1.0493 -0.8155 0.1359 2.2995 0.9464 2.5861 -0.1729 

LR -11.9976 1.4127 -0.3628 1.1639 -0.6991 -0.7396 0.1482 2.3003 0.8671 2.5298 -0.1800 

 

d. Validation 

The semi-empirical wing mass estimation method developed here is intended for advanced TF aircraft. 

There is no real data on the TF aircraft. However, the presented wing mass estimation method is also 

applicable to conventional aircraft and it is possible to validate the wing mass estimation method with data 

from conventional aircraft. The selected validation data consists of 11 transport aircraft with aluminum or 

composite constructions. 

The validation results are shown in Fig. 5. Elham et al. [21], Lissys Ltd [32], and Peter et al. [28] presented 

the wing mass data for the A300, B787, and PFC, respectively. While wing mass data for other commercial 

transport aircraft were extracted from Ref. [33]. It can be seen that the estimation differences (absolute 

errors) are below 10% for most aircraft and below 15% for all aircraft, which indicates that the accuracy 

of the presented semi-empirical method developed for the initial sizing of TF aircraft is acceptable.  

 



Volume  81 | Spring 2022 | Number 240

Fig. 5. Validation of the semi-empirical wing mass estimation method for TF aircraft.

e. Impact of Design Parameters

Since the design parameters included in Eq. (23) were selected based on experience and references, 

sensitivity analysis is used to analyze the importance of each design parameter on the wing mass in order 

to understand the characteristics of the TF aircraft wing. 

The sensitivity analysis in this paper is carried out using a standardized dimensionless form of sensitivity 

[12]:

  i
i i

/
     i= 1, 2, ..., 

/
y X y X

S l
x x

                   (25)

A320 and B777 were used as design cases for sensitivity analysis for mid-range and long-range missions, 

separately. The results are shown in Figs. 6 and 7. Since the same method is used, the importance 

distribution of each design parameter for MR and LR is basically the same. Maximum takeoff mass and 

aspect ratio are the most important design parameters because they are the overall parameters that have a 

significant impact on the wing area. Next are wing thickness-to-chord ratio and maximum positive load 

factor, which have a strong influence on the wing structural mass, while wing loading, taper ratio, and 
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spanwise fuselage location have similar importance for wing box mass.

The sensitivity analysis used here helps researchers identify the most important parameters by comparing 

the effects of each design parameter. For example, when sizing a TF aircraft wing, one should realize that 

the maximum takeoff mass and aspect ratio are the most important parameters and that more attention 

should be paid to them in order to reduce wing weight.

Fig. 6. Sensitivity analysis of wing box mass for mid-range aircraft (A320).
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Fig. 7. Sensitivity analysis of wing box mass for long-range aircraft (B777).

2.3. Conceptual Design Framework

A conceptual design and analysis process for TF aircraft has been developed by the authors in Ref. [34], 

consisting of two main modules: initial sizing and performance analysis. The aircraft initial sizing is 

performed by using PyInit [6], an in-house tool developed by the authors, to generate the constraints 

diagrams, size the components, etc. Then the initial sized aircraft is imported into the SUAVE [5], an open-

source aircraft performance analysis tool developed by Stanford University, for the analysis of weight 

breakdown, mission segments, flight performance, etc., through convergence iterations. The semi-

empirical wing mass estimation method developed in this paper is integrated into the TF aircraft 

conceptual design framework, as shown in Fig. 8. The wing mass estimation method in SUAVE is replaced 

by the presented semi-empirical method for iterative calculations. 
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Fig. 8. TF aircraft conceptual design flowchart integrating the developed wing mass estimation method. 

 

3. Design Study 

Two design cases, including a Mid-Range (MR) TF aircraft and a Long-Range (LR) TF aircraft, are 

designed in this section to demonstrate the developed wing mass estimation method and the modified TF 

aircraft conceptual design framework. 

3.1.Top-Level Aircraft Requirements and Assumptions 

An MR and an LR twin-fuselage transport aircraft comparable to the A320 and B777 are considered here, 

separately. The entry-into-service time of these two aircraft is assumed to be 2040, and therefore some 

novel technology assumptions are introduced, including an assumed 55% laminar flow region of the wing 

and tails due to hybrid laminar flow control technologies, an assumed 20% reduction in structural mass 

due to advanced composite materials and structures, and an assumed +1.5g maximum positive load factor 

due to load alleviation technologies. It should be noted that according to the ICAO airport operation 

requirements, the wing span and the main landing gear span cannot exceed 36 m and 9 m for the MR-TF 

aircraft, and 65 m and 14 m for the LR-TF aircraft. The top-level aircraft requirements are given in Table 

3. 
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Table 3. Top-level aircraft requirements 

Parameter Unit MR-TF LR-TF 
Reference – A320 B777 
Cruise Mach number – 0.78 0.84 
Cruise altitude ft 33,000 35,000 
Range nm 3400 7500 
Passengers (2 class) – 150 350 
Approach speed kt 136 140 
Diversion range nm 200 200 
Diversion hold min 10 10 
Contingency fuel % 3 3 
Gate-box limit m 36 65 
Main landing gear span m 9 14 

 

3.2.Sizing and Performance Analysis 

Corresponding to the presented technology assumptions and the top-level aircraft requirements, the 

constraints diagrams of the MR-TF aircraft and the LR-TF aircraft were sized by PyInit. The constraints 

diagrams and the selected design points are shown in Fig. 9 and 10.  

 

  

Fig. 9. Constraints diagrams of the MR- Fig. 10. Constraints diagrams of the LR-
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TF aircraft. TF aircraft. 

 

Since the TF configuration has the advantage of significantly reducing the bending moment in the wing 

structure, these two TF aircraft were designed with ultra-high aspect ratio wings to improve aerodynamic 

efficiency and reduce fuel consumption. Therefore, the high wing configuration was selected to meet the 

required engine and wingtip clearance. Considering the aeroelastic characteristics and avoiding the 

downwash of the wing and engine outflow, the high slab tail configuration was adopted. The geometric 

dimensions of the initial sized aircraft are shown in Fig. 11 and 12. 

 

 

Fig. 11. Geometric dimensions of the MR-TF aircraft. 

 

 

Fig. 12. Geometric dimensions of the LR-TF aircraft. 
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As illustrated in Fig. 8, the initial sized aircraft were input into the modified SUAVE for performance 

analysis and assessment with the presented wing mass estimation method. After iterative calculations until 

convergence, the weight breakdown and mission segments were obtained, as shown in Table 4 and Fig. 

13. 

 

Table 4. Weight breakdown summary of the MR-TF and LR-TF aircraft 

Parameter MR-TF LR-TF 

Max. takeoff weight, kg 59,218 243,926 

Max. zero fuel weight, kg 45,737 157,328 

Fuel weight, kg 13,480 86,597 

Empty weight, kg 31,517 124,148 

Empty weight breakdown   

Wing, kg 5,755 39,323 

Fuselages, kg 5,241 20,596 

Propulsion, kg 3,798 17,292 

Nacelles, kg 495 2,392 

Landing gear, kg 2,021 6,554 

Horizontal tail, kg 775 1,565 

Vertical tail, kg 850 2,559 

Paint, kg 418 1,211 

Systems, kg 12,164 32,657 
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a) MR-TF b) LR-TF 

Fig. 13. Mission profiles of the MR-TF and LR-TF aircraft. 

 

4. Conclusion 

This paper addressed the initial weight estimation of twin-fuselage aircraft at the conceptual design stage. 

A semi-analytical wing mass estimation method for the TF configuration was improved in this work, 

including improved fidelity of the aerodynamic analysis and extensions for advanced composite materials. 

Since the semi-analytical method requires a large number of input parameters, which are difficult to obtain 

at the initial sizing stage, DoE and regression methods were used to establish a semi-empirical wing mass 

estimation method for the TF configuration with different parameters’ values for different missions and 

materials, separately. Eventually, the established semi-empirical weight estimation method was integrated 

into a TF aircraft conceptual design and analysis procedure and two TF aircraft, including a mid-range TF 

aircraft and a long-range TF aircraft, were designed and sized to demonstrate the TF aircraft design process 

and its weight estimation method. 

The case study showed that the established initial weight estimation method for the TF aircraft 

configuration can efficiently analyze the weight breakdown of the TF aircraft within the presented TF 

aircraft sizing and analysis framework. Since the TF configuration is suitable for utilizing UHARW design, 
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avenues for future work include improving the semi-analytical wing mass method to account for the 

aeroelasticity and flutter characteristics to develop a semi-empirical wing mass estimation method that is 

also sensitive to the UHARW characteristics. 
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In Memoriam
Richard W. Wood

Richard Wheeler Wood passed away peacefully 
on March 5, 2022, with his wife and one of his 
daughters by his side.

Richard was a native of Hampton, Virginia, 
graduating from Hampton High School in 1958.  He 
entered the Newport News Shipbuilding Apprentice 
School and worked at NNS for 20 years, before 
moving to Pascagoula, Mississippi to take a job with 
Ingalls Shipbuidling.  He retired from Ingalls and 
remained in Pascagoula.  

Richard was made a SAWE Honorary Fellow in 1996 
and is fondly remembered by many members.  
He was one of the fi rst Honorary Fellows in the 
Marine fi eld, and was known for his entertaining 
yet very informative presentations. He would also 
send multiple members of the SAWE christening 
packages from the different ships he was working 
on at Ingalls, which included information about 
the ships, programs, lists of dignitaries, and a 
commemorative coin.  

His obituary in the Daily Press noted that:

"Richard was known to many by several different 
names: Woody, Dickie, Mr. Woody, Pop, and Great 
Pop. He never met a stranger. If you met him once, 
you were a friend for life. He loved his family, 
friends, and the LA Dodgers. He will be truly 
missed."

He is survived by his wife of 59 years, Eva Dale 
Wood. Daughters, Cathy Beasley (Michael Mensi) of 
Brandon, MS, and Ann Barber (Kevin) of Hampton, 
VA; grandsons, Kevin R. Barber (Sarah) of Yorktown, 
VA and Hunter Beasley of Phoenix, AZ; great-
granddaughter, Vani Barber; brother, John Wood 
of Hampton, VA; cousin, Marshall Booker (Porter) 
of Poquoson, VA and many nieces and nephews, 
cousins, and friends. He is preceded in death by his 
parents, John Bennett Wood, Jr. and Ida Catherine 
Wheeler Wood, and his beloved sister Mary Jane 
Padgett.

Photo and portions of this obituary are courtesy of  the Daily Press
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In Memoriam
Patrick David Borden

Patrick David Borden, 57, of Rogersville, passed 
away March 25, 2022 at North Alabama Medical 
Center. 

He was a Fellow of the Society of Allied Weight 
Engineers (SAWE) and served as past Executive 
Vice President and Senior Vice President at the 
International level.  

He was currently serving SAWE as the acting 
Director of Huntsville Chapter.  He was also a 
deacon and member of Johnson Crossroads 
Baptist Church.

Mr. Borden was preceded in death by his father, 

David C. Borden; mother, Mary Ann Berry 
Borden; and infant sister, Cynthia Dianne 
Borden.  

He is survived by his wife, Donna Renee’ Bor-
den; sons, Benjamin Patrick (wife Breanna), and 
Joshua David; daughter, Kathryn Renee’; and 
sisters, Pam Lisby, and Cindy Hoffman.

Pallbearers will be Tim Morrow, Jimmy Brink, 
Daniel Brink, Billy Brink, Benjamin Borden, and 
Joshua Borden.  Honorary pallbearers will be 
Phil Headley, Dale Robinson, and Jay Gibson.

Photo and obituary are courtesy of the Greenview Memorial Chapel
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In Memoriam
Glennis Martin Walley

Glennis Martin Walley entered his eternal rest 
peacefully on Sunday, March 13, 2022. He was 67 
years old. Glennis was preceded in death by his 
beloved parents, Leither Durand Walley and Vaudie 
Josephine Walley, as well as his brothers, Jimmy 
and Phillip, and his sisters, Annis June Walley, Judy 
Bradley, and Carol Henderson.

Glennis is survived by his son, the Reverend Seth M. 
Walley. He is also survived by his fi ancé, Andi Moore, 
his sisters, Avis Tisdale, Marsha McLain (Cowan), 
Krista Thompson (Pete), and Sara Beth Schaefer 
(Bob), and his brother, David (Joyce) Walley.

Glennis was a native son of Mississippi, born in 
Sandhill. He was the fi rst of his eleven siblings to 
be born in a hospital. He graduated from Sand 
Hill High School, received his bachelor’s degree 
from the University of Southern Mississippi, and 
master’s degree from William Carey University. He 
also served in the Mississippi Army National Guard.
Glennis was an educator, teaching mathematics at 

Leakesville High School where he received the Star 
Teacher Award. Glennis was also a shipbuilder, 
helping to design battleships at shipyards in New 
Orleans, Mobile, and Pascagoula.  Glennis was also 
a member of the Society of Allied Weight Engineers, 
Gulf Coast chapter.

Glennis loved family (especially family reunions), 
Southern Miss sports (SMTTT!), and assisting 
Andi with children’s ministry at Biloxi First United 
Methodist Church.  Most importantly, Glennis was 
a Christian and lived according to the words of 
the Prophet Micah in Micah 6:8- “Do justice, love 
kindness, and walk humbly with your God.” 

Photo and portions of this obituary are courtesy of the Tribute 
Archive
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In Memoriam
Harry Joseph Wellens

Harry Joseph Wellens, of Monrovia, MD passed away 
April 13, 2022, in the company of loving family, 
including his wife and partner of 30 years, Sharon 
McDonald Wellens. 

Born in Washington, DC, Harry lived his early years 
in DC and Silver Spring, MD. He was a 1961 graduate 
of Coolidge High School then went on to attend the 
University of Maryland, graduating in 1967 in Civil 
Engineering. He accepted a position as a Naval 
Architect with the Dept. of Defense, U.S. Navy, in 
June 1967. Harry worked in the Integrated Warfare 
Systems, Submarine Design and System Engineer 
Group, Deep Submergence Design Management 
Division (Naval Sea Systems Command) until 
January 2002, after which he continued to serve the 
U.S. Navy as a Consultant. His career spanned over 
50 years. 

Harry was a member of the National Association of 
Retired Federal Employees, Society of Allied Weight 
Engineers (SAWE), Society of Naval Architects and 
Marine Engineers (SNAME) and the American 
Society of Civil Engineers (ASCE).
 
Harry was very accomplished both in his profession 
and his hobbies. He learned to work on cars as a 
young boy and restoring antique cars grew to be 

his passion. He loved his pre-war cars and was 
an active member of several antique car clubs, 
including the Horseless Carriage Club of America, 
Model T Ford Club International (Heart of MD T’s), 
Heart of Delaware T’s, National Chrysler Products 
Club, Antique Auto Club of America (AACA) - 
Sugarloaf Mountain Region, Dodge Pilothouse Era 
Truck Club of America, Snappers Club, and REO 
Club of America. He was awarded the prestigious 
AACA Senior Grand National Award at the 2020 
Grand Nationals in Gettysburg, PA, in recognition 
of restoration excellence for his 1930 Chrysler 
(purchased in 1964). His 1927 Dodge Brothers 
Station Wagon is presently on display at the AACA 
Museum in Hershey, PA.
 
Harry was preceded in death by his beloved step-
daughter Jeannette Whitcraft. He is survived by his 
wife Sharon, his daughters Dana (Marcus) Stallard 
and Jill (Lenin) Wellens, step-daughter Cheryl 
Simmons, and grandchildren Rocco and Alix. He 
is also survived by sister JoAnn (Danny) Sprung, 
brothers Albert (DeDe) Smith and Robert (Sheree) 
Smith, and many cousins, nieces, and nephews.  
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