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From February 9-11, 2016, the Houston Chapter 
teamed up with SAWE Inc. to host a booth at the 

Topsides, Platforms, & Hulls Conference in Galves-
ton, Texas, as part of an ongoing effort to increase SAWE 
visibility in the Offshore Oil and Gas industry, raise 
awareness of our society, and recruit members for the 
local chapter. Chapter President Bill Randall attended 
all three days as our convention delegate while mem-
bers Andy Schuster, Rick Watkins, and Adam Richards 
attended various days to insure coverage of both the 
booth and the convention floor. Clint Stephenson worked 
tirelessly behind the scenes managing the registration, 
set up, and tear down processes.

Opportunities for networking were numerous. In addi-
tion to the SAWE booth presence, members worked the 
exhibit floor thoroughly all three days, meeting as many 
people in the industry as possible. There were also multi-
ple networking breakfasts and lunches provided, offering 
additional opportunities for personal connections. This 
was all complemented by daily breakout sessions and 
round tables related to the offshore industry. This year, 
the Topsides event specifically had a session on weight 
management for the Delta House floating oil platform. 
While asking questions at the end of the session, Bill was 
able to introduce himself as an SAWE member in front 
of several hundred people. This session experience did 
highlight that it may be a good idea to have an SAWE 
member present a session at the 2017 event creating 
even greater visibility for the society.

Many convention goers seemed very interested in what 
SAWE does, even if this was their first introduction to 
the society. All in all, over seventy connections were 
made at the convention. Most of these contacts fall into 
one of three categories: Vendors who claim to provide 
weight conscious products; End users (such as barge 
companies, heavy lift contractors, transportation com-
panies, etc); and Engineering companies/individuals 
with interests in weight management or mass properties 
engineering. This contact information has been loaded 
into the SAWE office space for the offshore group and 
the chapter is developing plans for follow up with each 
contact. For individuals with interests in mass properties 
engineering or SAWE membership, follow up may be 
as simple as a phone call or email correspondence. For 
vendors and end users, we will be pursuing opportuni-
ties for "lunch and learns," or more structured presenta-
tions at chapter events. The end goal is to mature these 
relationships into tangible corporate support for SAWE.

Topsides, Platforms, & Hulls Conference
Galveston, Texas

Chapter President Bill Randall presenting Hendrik 
Kaijim with a token of appreciation for his assistance 
and support preparing for the conference. Hendrik 
is not only a member but also the sales manager for 
Bayards USA bringing lightweight helicopter deck 
products to the United States.

One challenge SAWE faced at the convention relates 
to making relational inroads with the oil companies. The 
best bet for corporate support and the greatest boost to 
visibility in the offshore industry would be through build-
ing relationships with the oil companies themselves. 
Unfortunately, with the low price of oil and the downturn 
in the industry right now, the event was poorly attended 
by oil company representatives. The Houston Chapter is 
continuing to work its existing oil company contacts and 
is always on the lookout for making new ones.

In all, this was a successful outing for Houston’s first 
venture into providing an SAWE presence at offshore in-
dustry related events. SAWE Inc, neighboring chapters, 
and Houston pooled together talents, resources, equip-
ment, and people in a combined effort to elevate SAWE 
visibility. Hopefully this event will be used as a template 
for many chapters to attend similar industry events and 
promote the benefits of The Society of Allied Weight 
Engineers. As for next year’s Topsides, Platforms and 
Hulls Conference, it is in New Orleans. Which chapter 
wants to tackle that one?
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Sunrise in Galveston, Texas

SAWE Senior Vice President and chapter 
member Rick Watkins extoling the virtues 
of the game “Topple” to a visiting Naval 
Architect. Rick and his company Altair 
provided the AV equipment for our booth.

Chapter member Adam Richards showing 
off the booth just prior to the opening of 
the exhibit floor.
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On behalf of the SAWE UK Chapter, it is with a sad heart 
that I need to inform all members of the passing of Ter-

rance T. Hares. He lost a long battle against myeloma passing 
away on 18 February 2016. His family: Nigel, Chris, Helena, 
and Diane (wife) are very keen to ensure that the whole of the 
SAWE community is aware.

I personally met Terry for the first time back in the mid 90’s – 
he was a very vocal character among a group of experienced 
weights engineer – at the time, this was daunting to me; but 
Terry helped me through those early years. I for one will re-
member his laugh and enthusiasm that he brought to every 
room. Since I personally cannot do him justice for his life’s 
dedication, I asked for a few quotes from some of people he 
brushed shoulders with over the years…

Mike James
“I have many fond memories of working with Terry when I 
worked with the Weights team in Filton in January 1990–De-
cember 1996.

He was a very popular team leader and would roll his sleeves up 
when necessary and help out by getting stuck in with anything 
and everything. So much so that when we entered a team for 
the British Aerospace (as we were then) Inter-Departmental 
Football competition, Terry signed up to play as it was well 
known that he was a very useful player in his day, and he 
wanted to join in and be one of the lads, as he always did. He 
showed some good touches early on but eventually received 
a pass which meant him running for the ball. He yelled, “Don’t 
make me run for it…..!!” but set off after the pass and within a 
couple of strides his hamstring decided to seize up and Terry 
fell to the floor in a heap and could play no further part in the 

In Memoriam

Terry Hares – 1940 - 2016

competition. He stayed (all bandaged up) for the rest of the 
game and came to support us for the other games in which we 
were soundly beaten. That summed Terry up for me.

We laughed about the incident for months afterwards in the 
office and, as always, Terry laughed the loudest and longest 
about it.”

Alex Wells – Former SAWE UK director
“I met him first at Filton in about 1996. I soon realized that Terry, 
Bob, Val, and Larry Crook were enthusiastic leading members 
of the UK chapter. It was Terry, Val, and Bob who persuaded 
me to join SAWE at that time, although [or because!] I had had 
no previous Weights experience, except for the usual queries 
made as an aerodynamicist.”

Nicholas Morton
“For someone who was new to the Aerospace Industry, Terry 
was an absolute treasure. He always had the time to explain 
and advise on the principles of Weights/Mass Properties. In 
later years, as I gained the experience, it always put a smile 
on my face when Terry was in discussions with senior engi-
neers when he would offer the famous term, in a West County 
accent “CRAP” for his summary of the position in respect to 
Weights and ideas to meet weights targets. There was always 
a discussion in the office about whether Terry had ever seen 
the top of his desk because there were so many layers of 
paper (inches deep) on his desk. Sometimes it was a wonder 
that he ever found anything or that the desk had not given way 
under the strain.

On the rare occasion that I attended an International SAWE 
conference, he would always be a joy to be around because 
of his travels across the globe and working with different aero-
space companies. The people he knew from other companies 
who worked in the weights field was legendary. Getting stories 
and information out of them was an art which often benefited 
us.

Without him I do not think I would have gained the experience 
I have today. RIP, Terry.”

Terry’s Grandson
“I especially want to thank my grandfather for showing me 
that no matter how difficult life gets, you just have to get up 
and move on”

There are more comments and, sadly, not enough space to put 
them all here – but needless to say he will be fondly remem-
bered. My last comment…his commitment was fantastic – he 
even attended the last UK SAWE meeting in early February 
2016!!! The stories told and remembered at the meeting will 
stay with us all.

Thank you, Terry, for touching my life.

Clint Bower, SAWE UK Director
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SAWE CORPORATE PARTNERS

Corporate Partners - Silver

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

http://www.sawe.org/about/membership/corporate
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inertia in a different axis, a rotation of the vehicle would 
be needed, but it would be unpractical to rotate a vehicle 
onto its end. Trifilar pendulum methods have been used 
extensively in Universities as a teaching tool and these 
have been further developed by Hou [2], but again are 
unsuitable for full vehicles.

A number of commercially available rigs have been 
developed based on a frequency domain measuring 
technique, which is suitable for full vehicles. The VIMM 
(CFM Schiller GmbH) [3] is a fully automatic measuring 
system which determines the 10 parameters of inertia 
of a vehicle within one single measuring cycle. Almeida 
[4] describes the theory in more detail. The InTenso 
method supports the vehicle in a cradle and allows the 
vehicle to swing around its center of mass, (Previati) 
[5]. The method can measure the full inertia tensor of a 
vehicle by recording accelerations. A smaller version of 
the InTenso is also available for objects such as engine 
transmissions. Anthony Best Dynamics [6] have also 
produced a rig that is incorporated into their Kinematics 
and Compliance Rig.

The Cranfield Impact Centre rig uses a time domain 
method for measuring the mass properties of the vehicle. 
The theory is based on an inverse pendulum technique, 
quite novel from other approaches. The rig has been 
used to successfully measure inertial properties for over 
thirty years using the same principle.

Theory
   Inertia Measurement
The moment of inertia of a vehicle is calculated from the 
equation of motion for an undamped system.

 Eq 1

 I  = Inertia
         = Angular acceleration
 K = Stiffness
   = Angle

The stiffness refers to the combined stiffness of the rig 
and the pair of springs attached to the end of the arms. 
As the angles are between 0 and 4 degrees during the 

Abstract
In order for vehicle manufacturers to design their vehicles 
with accurate test data, a technique has been developed 
and used extensively to measure the moments of inertia 
(MOI) and center of gravity (CoG) for a wide range of ve-
hicles. The rig which was designed and built at Cranfield 
University uses a reverse pendulum methodology. This is 
in contrast to other methods of measuring inertia which 
support the vehicle or object from the ceiling.

Essentially, a vehicle is supported by its chassis and 
allowed to float on an air bearing and rotate, in a friction-
less manner, in three degrees of freedom. The motion 
of the vehicle is configured to move in one axis of rota-
tion — pitch, roll, or yaw. A pair of linear springs is then 
introduced and simple harmonic motion of the vehicle 
is obtained by applying small amplitudes. The vehicle 
oscillates against the springs and the time interval is 
recorded. From the time period of one oscillation, the 
inertia for the vehicle and rig with any supporting struc-
tures can be calculated. To determine the inertia of the 
vehicle only, the rig and supporting structure inertia are 
subtracted.

The inertia is defined about the center of gravity of the 
vehicle which is obtained by performing a different test. 
The vehicle is tilted to small angles up to two degrees and 
the force required to maintain the vehicle at equilibrium 
with the angle of rotation is measured at various degrees 
of tilt. This test is performed in pitch and roll to provide 
verification of results.

This paper describes the background to the equations 
derived for calculations, features of the rig which have 
arisen from over 25 years of testing with this unique 
methodology, and details of the software used.

Current Methods of Measuring MOI and CoG
A number of systems are available to measure the mass 
properties of objects, but few are suitable for full vehicles. 
Schedlinski [1] described various theoretical methods, in 
particular, a torsional pendulum technique. The method 
used a pair of rotary, rather than linear, springs to mea-
sure the oscillations of the object. The rig was suitable 
for regular shaped objects such as a cone and a full set 
of mass properties could be measured; however, it would 
be unsuitable for a full sized vehicle. To measure the 

A Unique Method of Measuring 
Road Vehicle Moments of Inertia and Center of Gravity

Jim Watson, Senior Safety Engineer
Cranfield Impact Centre, UK
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tests, it is assumed that sin θ→θ and cos θ→1. The 
angle of the springs is also considered to remain in a 
vertical orientation.

The spring rotational moment can be expressed as:

 Eq 2

And the mass can be expressed as:

 Eq 3

Putting these equations into Equation 1 gives:

 Eq 4

From the oscillation tests, we obtain a time value for each 
test; and if we write    and    as the real part in complex 
notation, we can substitute those into the above equa-
tion to give:

 Eq 5

	 𝑇  = Time of oscillation
 k1  = Spring 1 stiffness
 k2  = Spring 2 stiffness
 L   = Arm length
 MT = Mass of Vehicle + Rig + Supporting 
               Structures
 g   = gravity
 hT  = Height of Vehicle + Rig + Supporting 
                Structures Cg from Pivot Axis

The IT value refers to the inertia of the whole system. 
Using the parallel axis theorem, the inertia of the vehicle 
only can be obtained for both pitch and roll axes.

 Eqs 6

 IYY  = Inertia of vehicle about pitch axis
 IXX  = Inertia of vehicle about roll axis
 ITY  = Inertia of All Object/Rig/Supporting 
               Structures
 Irigy  = Inertia of Rig about Y axis
 Mv  = Mass of vehicle
 hv

2  = Distance of Cg vehicle to Pivot Axis
 x’    = Distance of x offset
 y’    = Distance of y offset

For the Yaw Inertia, the theory is very similar for pitch 
and roll, but the vehicle mass does not appear in the 
equation.

 Eq 7

 Eq 8

   Centre of Gravity Longitudinal and Lateral
To determine the centre of gravity in the longitudinal and 
lateral directions of the vehicle, four corner weights of the 
vehicle are recorded. The wheelbase, rear and front track 
are measured and the centres of gravity are calculated 
by using a balancing moment equation.

   Centre of Gravity Height
In Figure 1, a schematic diagram of the rig in CoG mode 
shows the pivot axis (O) and the vehicle represented by 
the target marker. The vehicle CoG is positioned above 
the pivot axis by the distance hT and it is offset by the 
distance d. The supporting arms (L) are held by the 
load cell at position (R) and are inclined by angle  . By 
taking moments about the pivot axis with the load cell 
connected and the object positioned on the rig, Equation 
9 can be generated.

KS= k 1L
2+ k 2L

2
θ

KM= −M Tgh Tθ

Iθ= M Tgh Tθ − k 1L
2+ k 2L

2
θ

IYY = ITY − IRIGY − M v h v
2 + x'2

IXX = ITX − IRIGX − M v h v
2 + y'2

IZZ = ITZ − IRIGZ

Figure 1: Schematic of the Rig in Pitch and Roll 
CoG Mode

 Eq 9

 R   = Reaction of the Load Cell
 MT = Mass of object
 g   = gravity
 hT  = height of rig + vehicle + supporting structure
 L   = arm length from pivot axis to load cell
 d   = offset cg in pitch or roll

R = M Tgh T

L θ + M Tgd
L
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If the reaction force is plotted against the angle of inclin-

tion, then the 
M Tgh T

L  term of the equation 

becomes the slope and the M Tgd
L

  term becomes the 
intercept. 

Therefore, the height of the CoG, hT and the offset d, can 
be calculated. The hT term is the height of the vehicle, 
rig, and supporting structure. The other values in the 
equation are known and, therefore, hv can be evaluated 
by solving the following equation.

 Eq 10

By inclining the object to 2 degrees and then back to 
zero degrees, a graph can be plotted. The values which 
are of interest are the intercept with the force axis (c) 
and the slope (m) as these are used to calculate the 
CoG height.

The Cranfield Impact Centre (CIC) 
Moment of Inertia Rig

   Assembly of Rig
The CIC Moment of Inertia test rig consists of a spheri-
cal air bearing which is able to provide near frictionless 
motion. The air bearing is supplied with a constant pres-
surized supply, allowing a small gap between the two 
surfaces of the bearing. The upper (or male part) of the 
bearing is fitted with a cruciform frame which allows the 
rig to support objects of various sizes, from a full sized 
Sports Utility Vehicle (SUV) to an engine transmission. 
When testing for vehicles, the co-ordinate system of the 
vehicle aligns generally with the rig, for example posi-
tive X of the rig points towards the front of the vehicle. 
A test about the X-X axis would constitute a roll test, 
whereas about the Y-Y axis would be pitch. The female 
(or lower) part of the bearing is rigidly fixed to the top 
part of a hydraulic ram, which is situated below ground 
level. The two surfaces form only part of a sphere, which 
allows the air bearing centre (pivot axis) and axis of rota-
tion to be above the male part of the bearing in a point in 
space (Figure 2 and Figure 3). The bearing can be fixed 
in location during the testing procedure, which allows the 
rig configuration to be changed in a secure environment. 
Axle stands are also placed under the cruciform arms to 
reinforce the stability of the vehicle.

In pitch and roll tests, a secondary bearing is introduced 
into the rig set-up to limit the rotation to one direction. As 
the bearing rotation center is above the top surface of the 

rig, the secondary bearing is also elevated at the same 
height to allow pitch and roll rotation. The secondary 
bearing is connected at the end of the yellow beam and 
is mounted onto a rigid frame (Figure 3). In pitch mode 
(rotation about the Y-Y axis), the bearing is located 1.2 m 
from the bearing center in a lateral direction, as it only 
has to clear the bodywork of the vehicle.

When the rig is in roll mode (rotation about the X-X axis), 
the secondary bearing is located on a different beam and 
extends towards the rear of the vehicle.

To define the Z-Z (Yaw) axis, another secondary bearing 
is located within the base of the static (female) element 
of the bearing. When this secondary bearing is engaged 
to fit a mating surface within the hollow bore of the male 
element, the air bearing unit is then restricted to rotation 
only about a vertical axis.

The bearing can be further locked down to allow rotation 
only in the yaw direction. A pair of springs are connected 
to the ends of the cruciform arms and fixed at the other 
ends to a rigid support, Figure 4.

   Inertia Testing Procedure
The inertial properties are evaluated by recording the 
period of oscillation. Matching springs are attached to 
each end of the two horizontal beams. The assembly 
is allowed to oscillate through small angles about the 
fixed axis. The oscillations are initiated by applying an 
angle of 2 to 4 degrees and then releasing the arm to 
freely oscillate. The amplitude of initial push is not criti-
cal, as the system quickly settles into a period of simple 
harmonic motion (SHM). The timing of 50 oscillations 
is recorded and an average value taken. The timing is 
recorded using an induction probe located next to the 
cruciform arm. Each timing value is checked to ensure 
that the induction probe was functioning correctly for 
each time period.

h V =
M RIG h T − h Rig

M V
+ h T

Figure 2: Schematic of Rig
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This process is repeated with a variety of spring stiff-
ness to check results. The springs are calibrated against 
a traceable standard every six months to ensure their 
stiffness remains constant. When the springs are used, 
initial tension is applied into the springs to ensure that 
they are operating in their linear range.

   Center of Gravity Testing Procedure
On the end of one of the long arms, a load cell is attached 
and the object is allowed to act under gravity until a load 
is recorded. The bearing is adjusted to a zero level and 
the force recorded is used to determine the X or Y CoG. 
An inclinometer is located on the surface of the  bearing. 

This reads the orientation about the X and Y axes with-
out need for adjustment. By allowing the assembly of 
the rig and test object to incline incrementally, readings 
are obtained of the force and angle. This relationship 
is used to calculate the height. This test is repeated for 
each horizontal axis and typically 20 points are collected 
through an inclination range from 0˚ to 2˚. Between tests, 
the load cell is re-calibrated against known masses to 
ensure greater accuracy. If this procedure is not carried 
out, the readings can be affected by load cell drift.

Calibration of the Rig
   Rig only properties
To calculate the mass properties of vehicles, the prop-
erties of the rig only and any supporting structure are 
required. These are obtained by conducting tests with no 
objects on the rig. A feature of these tests is that the CoG 
of the rig is below the pivot axis which means that the rig 
can oscillate without the need for springs. It essentially 
can rotate like a pendulum as opposed to when a vehicle 
is on the rig, when the centre of gravity of the vehicle, rig, 
and supporting structure is above the pivot axis.

   Lumped mass tests
A 1,000 kg steel mass is positioned onto the rig to vali-
date the rig, Figure 5. The inertia of the masses can be 
calculated from measuring overall dimensions and the 
mass of the plates. Using the rig only properties and the 
supporting structures, inertia values and CoG values can 
be obtained.

Figure 3: CAD of Pitch Axis Set-Up

Figure 4: Yaw Orientation Set-Up
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These tests are repeated annually with the values obtained and the comparison with theoretical, shown in Table 1. 
The results are from a 2002.6 kg mass loaded onto the rig. The comparison of calculated CoG to theoretical for the 
two plates was within 0.001mm.

Test Mode Theory (kgm2) Test Results (kgm2) Difference % Difference
Pitch 885.9 869.2 16.8 1.92
Roll 213.5 219.5 -6 2.73
Yaw 940.7 943.2 -2.5 -0.27

Table 1: Lumped Mass Calibration Test Results and Theoretical

Vehicle Testing Methodology
   Road Vehicles and Formula One Vehicles
The procedures for conducting a test for a road vehicle and a Formula One vehicle are very similar (Figure 6 and 
Figure 8). A number of measurements are taken from the vehicle, including wheelbase, front and rear track, and 
wheel diameter. The corner masses are obtained by driving or rolling (in the case of a F1 vehicle) onto four load cells. 
From these masses a CoG in the longitudinal and lateral directions can be obtained. This CoG figure is used to align 
the vehicle with the centerline of the rig. When a vehicle is lifted onto the rig, it needs to be balanced accurately to 
prevent excessive side loads being applied to the bearing. The accuracy of the corner weights positions the CoG to 
within a maximum of 15 mm of its final CoG position.

The vehicle is then driven over the pit and the hydraulic ram lifts the bearing vertically to pick up the jacking points 
of the vehicle to a set height. At this stage, the bearing is locked down to prevent any change of orientation during 
the lifting phase.

The different test procedures (inertia and cg) can be conducted in any sequence, but typically the order will be as 
detailed in Table 2.

Figure 5: Calibration Pitch Inertia Test for a Steel Plate
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Order Sequence of Tests
1 Measure Four Corner Masses
2 Measure Wheelbase/Tracks
3 Pitch inertia
4 Pitch CoG
5 Yaw
6 Roll Inertia
7 Roll CoG
8 Measure Supporting Structure

Table 2: Sequence of Inertia/CoG Tests

When the vehicle is lifted, the supporting blocks are also measured for their dimensions and their distance to the 
pivot axes. A total value can then be calculated for the inertia and CoG of the supporting structures. Typically, a 
combination of aluminum struts and wooden blocks are used to support between the jacking points of the vehicle 
and the rig.

Figure 6: F1 Vehicle in Pitch Mode
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Figure 7: Supporting Structure Calculations

Figure 8: Road Vehicle in Roll Inertia Mode
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   Software Upgrades
The three data channels used in the rig measure time, force, and angle. They are recorded during the test and pro-
cessed through a National Instruments Data Acquisition unit. The software to read the data was coded in LabView, 
by Simplicity AI. All of the tests can be conducted independently and the calculations and process have been auto-
mated, such as calculating the inertia and CoG for the supporting structures. A typical output screen from a CoG test 
is shown in Figure 9, showing the outputs needed to calculate the CoG, the slope, and intersection of the line.

Conclusions
The methodology to measure the centre of gravity and moments of inertia has been developed over the last 30 
years at Cranfield. The essence of the rig remains, with an air bearing providing the capability to orient the object in 
a near frictionless manner. This allows the object to be oscillated in fixed axes as defined by the rig set-up.  During 
those 30 years, improvements have been made in instrumentation, infrastructure, and testing methodology to deliver 
more accurate results. The rig has been used extensively in the development of vehicles for major manufacturers 
and Formula One teams. In the current format, measuring the inertial properties and the center of gravity can be 
completed within six to seven hours. In the future, the testing time will be reduced further with upgrades to the op-
erating system and the software.

Author Biography
James Watson BEng (Hons), PhD
James has developed the Moment of Inertia test facility at Cranfield Impact Centre (CIC), including software and 
hardware installation over the last four years. He is responsible for operation of the rig and post-test analysis of re-
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Figure 9: CoG Software Output Screen
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INTRODUCTION

Weight engineering had its beginnings hundreds of 
years ago in the shipbuilding industry. In fact, in the 
seventeenth century Mr. Anthony Deane of England 
gained fame by perfecting a method for predicting a 
ship’s weight and, hence, the waterline at which it would 
float. 

From the very beginning of the aviation industry, weight 
was recognized as an important parameter in airplane 
design. However, at first, weight estimation and control 
was the part time responsibility of design engineers. 
Then as specialization spread, certain individuals were 
assigned full time duties as weight engineers. Actually 
these engineers were not engineers at all, but mere clerks 
and computers, and were looked upon by the various 
managements as so much unnecessary overhead. The 
results obtained were interesting, even though very 
doubtful, and the weight men were nice fellows who 
should not be discouraged too much. 

Weight and balance decisions were still made by some-
one’s rule of thumb, often ignoring the weight engineer’s 
results. However, as time progressed, it became apparent 
that these rule of thumb decisions often proved incorrect. 
So company managements finally reached the decision 
that a specialized group of engineers should have com-
plete control of the airplane’s weight and balance. Thus, 
Weight Control Groups were born. 

With the advent of this new found importance and much 
more work, an additional problem became evident. There 
was little knowledge of the complete picture of weight 
control other than that which had been individually 
evolved from time to time as the necessity arose. There 
was no literature on the subject. No schools had special-
ized classes in that sort of work. In short, the problem 
was a new one and had to be treated as such. Systems, 
methods, forms, procedures, equipment, and organiza-
tion had to be developed and procured. As this stage 

struck most manufacturers at about the same time, none 
of them were experienced men. Thus, each company had 
to develop its own weight control group along the lines 
which seemed most logical and most fitted to their needs. 
Surprisingly enough, after this work was accomplished, 
it was found that the groups in various companies were 
quite similar, some of which might be attributed to the 
well-known grapevine, but most of which was a direct 
result of the similarity of needs and purposes between 
companies. Thus, the weight control groups had come 
into being and were put into operation. 

As time progressed, other problems arose, however, 
which were not within the jurisdiction of one company. 
Dealings with vendors of purchased parts and with cus-
tomers, both of whom carried on transactions with many 
different airplane manufacturers, created problems with 
which one company alone could not cope. One compa-
ny’s objections were not enough to influence a vendor or 
customer to change some policy or part, even if it would 
benefit the airplane industry generally. Also it was soon 
realized that a lack of uniformity existed in weight con-
trol and its attendant problems, which, in itself, caused 
minor misunderstandings throughout the industry. At 
the same time another difficulty was developing. It was 
realized that the scope of weight and balance information 
within a single company was somewhat restricted and, 
as a result, limitations were enforced upon the activity, 
accuracy, and efficiency of a single group. 

These difficulties could be surmounted only by concerted 
effort and cooperation between various manufacturers, 
and thus was born the Society of Aeronautical Weight 
Engineers. 

HISTORY OF THE SOCIETY

In Southern California considerable thought was given 
by L. R. Hackney of Lockheed and E. S. Fife of Vultee 
to the organizing of weight control engineers as early as 
1938. Probably the possibilities of such an organization 

HISTORY OF THE SAWE

[This article is a combined reprint of three articles that appeared in the SAWE Journal in 1978 (Vol. 37, Nos. 2 and 3; Vol. 38, 
No. 1). The third article was followed by the line “To Be Continued.” That never happened. The series of articles was repeated 
again in 1983-84 (Vol. 43, Nos. 2 and 3;Vol. 44, No. 1) with the same ending. Perhaps someone would like to continue this 
 history?]
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were studied elsewhere, but due to the advantage of 
several large aircraft manufacturers being located in a 
relatively small area, the first formation of the S.A.W.E. 
was begun in Los Angeles in 1939. 

The first official meeting of the Society of Aeronautical 
Weight Engineers was held in Hollywood, California, 
on July 14, 1939. Five companies were represented at 
this meeting by nineteen weight control engineers. There 
were three more Society Meetings held in the remainder 
of 1939, and in 1940 twelve meetings were held. 

Although there were no official S.A.W.E. meetings 
held outside of Los Angeles County during 1940, there 
were twenty-one Society Members from outside that 
territory representing Beech, Boeing, Curtiss-Wright, 
Fleetwings, and the Materiel Division at Wright Field. 
These members and the interest developed outside of Los 
Angeles County were due to the activities of the Society’s 
first Chairman, L. R. Hackney of Lockheed, who spent 
his 1940 vacation contacting weight control engineers 
and Government officials from coast to coast. 

The first major project of the Society was the compi-
lation and publication in 1940 of a “Weight Control 
Handbook,” later called SAWE Weight Handbook, 
Volume I. Weight handbooks from the various members’ 
companies were used as required in the development of 
the handbook. The work was directed by Mr. Fred Baum 
and Mr. Frank Myers of Northrop Aircraft Company. A 
second project, revision of Army-Navy Weight State-
ments, was also begun in 1940.

The Society was incorporated as a non-profit organiza-
tion April 2, 1941. During that year, seven other chapters 
of the Society were organized, giving a total of eight 
operating chapters: Baltimore, Buffalo, Dayton, Long Is-
land, Los Angeles, Philadelphia, St. Louis, and Wichita. 
A national structure of five Society Divisions (Eastern, 
Gulf, Lakes, Plains, and Western) was established to 
include eight other proposed chapters, making a total 
of sixteen chapters covering the aviation centers of the 
country. The eight new proposed chapters were: Chi-
cago, Dallas, Detroit, Kansas City, Miami, San Diego, 
Seattle, and Tulsa. 

The organization of the Society on the East Coast was 
largely due to the enthusiasm and the energy of D. R. 
Watson of Fleetwings.

The St. Louis Chapter was organized by Mr. Ray 
McWhorter of Curtiss-Wright. Frank Skach of Beech 
was largely responsible for the organization of the 
Wichita Chapter. Stanley Huls and Seymour Dunham 
led in the organization of the Dayton Chapter.

Several Canadian companies, an airline in South 
America, the Civil Aviation Office in Australia, and the 
Royal Aeronautical Society indicated an interest in the 
activities of the S.A.W.E. Thus, a start had been made 
toward expanding the Society into an international or-
ganization. 

The first National Meeting of the Society of Aeronauti-
cal Weight Engineers was held at the Van Cleve Hotel 
in Dayton, Ohio, on February 24- 28 , 1941. Fifteen ses-
sions covering more than fifty topics were held during the 
five days of business meetings. The first day was devoted 
to the final crystallization of ideas on all of the topics, 
the next two days were spent in conferences with the 
representatives of the Air Corps, Bureau of Aeronautics, 
and Office of Production Management on weight control 
and procedure problems in connection with military re-
quirements, the fourth day was spent largely on Society 
problems and on planning future Society activities, and 
the last day was spent discussing weight control prob-
lems with accessory and equipment manufacturers. An 
inspection trip to points of interest at Wright Field and a 
closing banquet culminated the week’s program. Forty-
nine representatives from thirty-nine government offices 
and aviation companies were present at the business 
sessions and many others from the Materiel Division 
attended the evening sessions 

By the end of 1941, five major projects had been com-
pleted: (1) Volume I of the S.A.W.E. Weight Handbooks, 
(2) the revision of the Weight Statement forms AN9102 
and AN9103, (3) the revision of the Airplane Weighing 
Forms AN9294 and AN9250, (4) a standard method 
for determining trapped fuel and oil had been defined 
and agreed upon, and (5) a reduction of the number of 
airplane weighings required by services. In addition to 
those, many minor projects and improvements in proce-
dures had been accomplished. A concerted campaign to 
develop more weight consciousness among the acces-
sory and equipment vendors was launched during 1941. 
Volume II of the S.A.W.E. Weight Handbooks was near-
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ing completion, and considerable study had been given to 
the problems involved in the Exchange of Weight Data, 
Weight Estimation, Service Pick-Up, and the Value of a 
Pound. Questionnaires had been circulated to collect data 
and ideas, and a large quantity of information had been 
released through S.A.W.E. “Circular letters.” 

In 1941, the Society published its first of three year-
books. It was an annual publication to be issued the 
first of every year to all members in good standing. It 
consisted of the Constitution and By-Laws, complete 
information concerning any changes made during the 
year in either of the above, the roster for the following 
year, summaries of meetings and business transacted, 
accomplishments, the program for the following year, 
and items of general interest to all members. In short, it 
was a complete summary of the activities of the Society 
for the year completed. 

During 1941, the Society set a goal of 600 members for 
1942. The Society met its 1942 goal, reaching a total 
of 618 members. Dallas/Ft. Worth Chapter became the 
ninth Chapter, largely through efforts of Mr. William 
Nicol, Braniff Airways. 

By the end of 1942, nine new projects had been com-
pleted: Airframe Weight Statement, Gun Turret Weight 
Statement, Volume II of the S.A.W.E. Weight Hand-
books, Rotary Wing substitution pages for AN Weight 
Statements, Army Air Forces Weight Control, Value of 
a Pound, Seal of Approval, Accessory Weight Data, and 
Code of Drawing Number Systems.  Volume II of the 
S.A.W.E. Weight Handbooks consisted of equipment 
weight data collected and condensed from  hundreds of 
 catalogues. A concerted campaign to develop Volume III 
of the Weight Handbooks was launched during 1942, 
which created considerable interest. However, work 
was withheld on this project for security reasons due to 
the War Emergency. Although security restrictions were 
lifted after the war, additional problems were encoun-
tered that prevented its completion. The second issue of 
the S.A.W.E. Yearbook was published. 

The Second National Meeting of the Society was held 
in Chicago, Illinois, at the Palmer House with 54 repre-
sentatives from Army Air Forces, Civil Aeronautics Ad-
ministration, airlines, accessory manufacturers, aircraft 
manufacturers, engine manufacturers, publishers, and 

scale manufacturers. The three-day conference, April 27 
through 29 inclusive, was crowded with work. During 
the conference, membership was opened to ladies.

During the summer of 1943, Robert Mundhenk joined 
William Statler, Edward Fife, and Thomas Beal to form 
GlenAir Publishers for the purpose of publishing Weight 
Engineering magazine. This magazine soon became 
internationally accepted as the recognized authority on 
weight engineering. Weight Engineering’s circulation 
included 16 foreign countries in addition to the United 
States and its possessions.

During 1943, the Society offered a new service to indus-
try: the certification that light weight design had been 
properly considered in a vendor’s part. This certifica-
tion was in the form of “The Seal of Weight Approval.” 
Manufacturers of standard parts rapidly attempted to get 
the S.A.W.E.’s seal on their parts, since such recognition 
enhanced the possibility that these parts would be used 
by weight conscious aircraft companies. The procedure 
for obtaining this seal is presented below in its original 
form. 

1.  A manufacturer desiring to obtain an S.A.W.E. Cer-
tificate of Weight Approval for a product should ad-
dress his queries to:  Society of Aeronautical Weight 
Engineers, 143 North Brand Boulevard, Glendale 3, 
California. The Society, in turn, will refer the data to 
the proper committee. 

2. A manufacturer in applying for a certificate of weight 
approval shall submit all necessary technical data, 
including cost of the article. Insofar as practicable, 
the unit itself shall accompany the aforementioned 
data.

3. If for any reason the manufacturer has strengthened 
certain parts because of serviceability or other 
stringent service requirements, it is recommended 
that he explain why, for it is not the intention of the 
Society to hinder any manufacturer who has a just 
cause for increasing the weight of his product where 
necessary. Consideration as to serviceability of the 
part shall be taken into account

4. Within a minimum of time after the receipt of an 
application, the committee will report its findings 
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to the manufacturer. If a sample article has been 
included, it will be returned. All other data shall be 
retained by the Society. All data submitted will be 
considered as confidential.

By 1944, the activities and responsibilities of the Society 
were expanding rapidly. Situations were developing that 
did not come under the scope of the by-laws, thus neces-
sitating special jurisdiction and decision.

Special committees were formed to develop amend-
ments to the by-laws to make them more workable and 
useful in the growing organization. The new revisions 
were overwhelmingly accepted and were put into ef-
fect July 1, 1944. Following is a summary of the major 
revisions:

1. The date for changing of officers, both National and 
Chapter, was established to occur in May to coincide 
with the date of the National conference. The previ-
ous date for changing officers was 1 January. The 
existing National and Chapter officers continued in 
office until May 1945.

2. The former titles of National Chairman, National 
Secretary, and National Treasurer were changed to 
President, Vice-President and Executive Secretary 
respectively.

3. The S.A.W.E. fiscal year continued to begin in 
January, even though the officers were to change 
in May. This was considered to be one of the big-
gest improvements of the revised by-laws since it 
prevented the confusion which had always existed 
at the start of the fiscal year with the changing of 
officers, collection of dues, and so forth, occurring 
simultaneously.

4. Considerable difficulty was experienced in at-
tempting to establish a rotating board of directors. 
After much deliberation the following system was 
established. 

a. Three of the four Past National Chairmen be-
came directors representing their Chapters. The 
fourth past National Chairman became a director 
at large. 

b. Three additional Chapters elected directors to 
serve concurrently with the four past National 
Chairmen until May 1945.

The six other Chapters each elected one director 
to serve until May 1946. 

This resulted in the election of six new directors 
every year, each to serve for a period of two years. 
The directors’ votes were proportioned according to 
the number of voting members in their respective 
chapters.

5. National and Chapter Membership Committees 
were created to foster an expanding membership.

The former Chapter Technical Committees were replaced 
by the Chapter Company Representative’s Committees. 
Members of these new committees were to be designated 
by responsible officials of the S.A.W.E. member compa-
nies. The National Company Representative’s Commit-
tee consisted of the chairmen of the Chapter committees, 
and was headed by the Society President

The new revisions to the by-laws eliminated a lot of 
inadequacies in the former organization setup of the 
Society. Control was provided for many of the newer 
Society functions, and all responsibility and authority 
was properly and specifically delegated. The organiza-
tion machinery of the S.A.W.E. was better geared for the 
times, and it is felt that the new revisions enabled the 
National Office to better accomplish the national unity 
so vital to the proper functioning of the organization.

In the interest of national security, the U.S. Government 
placed a ban on conventions in 1945. So the Annual 
National S.A.W.E. Conference could not be held in 
May 1945. Without the annual national meeting, the 
national officers needed some means of feeling the 
Society pulse.

Regional Technical meetings were planned for the fall, 
with an Eastern Meeting including Long Island, Phila-
delphia, and Baltimore Chapters planned as the first. In 
June, Jim Rigby, the Vice President, took a trip to visit the 
St. Louis, Wichita, Texas, and Los Angeles Chapters. His 
trip disclosed a striking similarity in thinking throughout 
these chapters. The recognition and frank discussion of 
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Chapter and Society problems along with the many ideas 
and suggestions in regard to Chapter and Society activi-
ties were of immense benefit to the national office. All 
chapters were anxious for some sort of a project. 

The ban on conventions was lifted at the end of the war 
in August, which would have permitted the National 
Conference to be held that fall. However, the end of 
World War II created a state of confusion in the entire 
industry, so it seemed desirable to forego the conference 
for that year. 

The major industry problems associated with conver-
sion to peacetime conditions and the resulting employ-
ment uncertainties killed the members’ interests in 
undertaking new projects. These same problems forced 
cancellation of the planned  Regional Meetings. There 
were no volunteers for the office of executive secretary. 
Therefore the duties of this office were divided between 
National President and Vice President.

The near collapse of the aviation industry following 
the war necessitated rather extreme economies within 
the industry, and advertising budgets were the first to 
be severely cut. Within one month after the close of 
the war, Weight Engineering dropped from 16 advertis-
ing contracts to 5. This later fell to three, necessitating 
discontinuation of the publication in 1946. Many letters 
from various parts of the globe were received express-
ing sincere regret that the publication would not be 
continued.

The Society of Aeronautical Weight Engineers received 
an invitation to cooperate with the American Society of 
Mechanical Engineers in a joint meeting June 17-20, 
1946, devoted to weight control. The Society accepted 
the invitation. The three papers presented by S.A.W.E. 
members were well received. S.A.W.E. Vice president, 
James Rigby, was one of the session chairmen and was 
complimented for his chairmanship. The joint confer-
ence was apparently considered successful by all con-
cerned. 

With the success of the joint SAWE/ASME meeting, 
some members thought that an affiliation of our Society 
with another one would be mutually beneficial. Lengthy 
discussions followed and several societies were men-
tioned. Action on the matter was deferred until the 1947 

National Conference, at which time it was decided that 
the S.A.W.E. should remain an independent Society.

By 1948, the membership of the Society had dropped 
from a wartime peak of 700 to a low of 132. The discon-
tinuance of the magazine Weight Engineering left these 
few, and the Society, without an official publication. For 
almost two years the Society had struggled along on the 
verge of financial destruction. Then in August 1948, Brad 
Kohr started publishing the S.A.W.E. News Letter. It was 
distributed every two months, containing national office 
and local chapter news of the Society. 

At first the chapter inputs were slow as most chapters had 
little or no activity to report. But, with this new stimulus 
the chapters again became interested in society affairs, 
and more active. By the end of 1948 the membership had 
climbed to 213 members.

By the end of 1949 there was renewed activity and inter-
est within the Society, membership had increased, one 
large project was completed, the membership had been 
drawn closer to the National Office by means of the News 
Letter, and a good conference had been held. 

During the 1949 conference, the creation of an Aircraft 
Industries Association Weight Control panel to handle 
technical affairs “concerning company policy” was dis-
cussed. The theory was advanced that such a body could 
handle such matters as the exchange of weight data, 
discussion and revision of AN forms and Specifications, 
etc. This would leave the S.A.W.E. free to concentrate 
on the more general aspects of weight engineering. The 
idea was rejected after extended discussion.

One of the highlights of the 1949 conference was the 
address delivered by Mr. L. W. Rosenthal, AFRAES, 
Chief Weight Engineer of Saunders-Roe, Ltd., England. 
His address dealt with the reduction and organization of 
weight data for design use.

Several representatives were present at the 1949 confer-
ence from the Canadian companies of A. V. Roe Canada, 
Ltd., Canadair, Ltd., and Trans Canada Airlines.

By 1950, the Society had recovered from the post war 
slump and had proven that there was a mission for the 
SAWE, that a National Conference of significance could 
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be conducted and that the membership could gain profes-
sionally from participation in the organization.

During the summer of 1950, the Korean conflict placed 
the country on a wartime footing. The increase in military 
aircraft output caused an increase in membership of the 
Society to over 300 members. Applications for chapter 
charters were received from Ohio and Texas.

However, the upswing in membership found the Society 
budget for membership services such as postage, News-
letters, announcements, society pins, general printing, 
and distribution expenses exceeding the revenue from 
dues and enrollment fees. To counter this deficiency the 
membership approved a by-laws revision raising the 
dues to $3.50 for Members and $5.00 for Associate and 
Senior Members.

The Aircraft Industries Association informed the Society 
that the Air Force was planning a new weighing instal-
lation at Edwards Air Force Base. A group of weight en-
gineers from the Los Angeles Chapter prepared recom-
mendations for the installation. These recommendations 
were forwarded via the AIA to the USAF Director of 
Research and Development who forwarded them to the 
facility planning group for action. The USAF expressed 
appreciation to the SAWE for their efforts.

By 1952, a distinct trend had developed toward extensive 
use of digital computers for weight control records and 
computations. Indications were that the utility afforded 
by digital computer weight record systems would in-
crease as experience was gained in their operation. Some 
of the companies which had started using computer 
systems included Convair, Douglas, Grumman, Martin, 
Lockheed, Northrop, and Chance Vought.

Also during 1952, the long awaited “D” revision to the 
AN-9102 and AN-9103 aircraft weight statements fi-
nally became available. The SAWE had played a major 
role in the formulation of the revision.

In 1953, the Guided Missile Subcommittee of the De-
fense Supply Management Agency Office of Standard-
ization prepared drafts of four new Mil-specs for use with 
guided missiles. These specifications represented a con-
tinuation of the program which produced the AN9102 
and AN9103 forms for aircraft. Recommendations 

 concerning these new specifications were solicited from 
the Aircraft Industries Association and the SAWE.

During 1953, the membership rose to over 400 and 
the financial position of the Society continued to show 
steady  improvement.

Gil Weiss of BuAir continued to supply a feature called 
“Service Comments” to the SAWE Newsletter. Through 
this column, which he began in 1948 and which was 
due to continue through 1956, Mr. Weiss kept industry 
informed of feelings and activities in the government.

By 1954, there were ten active chapters: Baltimore, 
Buffalo, Long Island, Los Angeles, Ohio, Philadelphia, 
San Diego, Seattle, St. Louis, and Texas. Baltimore 
was working on the forthcoming National Conference; 
Long Island was working on Weight Exchange Forms; 
Los Angeles was revising the Volume I Handbook; 
Philadelphia was working on a Rotary Wing weight 
Statement; St. Louis was updating the Bibliography; San 
Diego was working on the SAWE Glossary and Weight 
Engineers Textbook; Seattle was revising the Pocket 
Weight Handbook; and Texas was working on Military 
Specification Weights.

With many aircraft manufacturers starting work on 
large commercial jet aircraft, the 1955 membership was 
steadily on the rise. There were now, over 500 members 
and 24 company members. All the chapters were active 
and holding regular meetings. Atlanta and Wichita were 
accepted as new chapters.

By 1956 the financial position of the Society had ad-
vanced to the point that a cash honorarium was presented 
the executive secretary and miniature gavels given to all 
past presidents.

Early in 1957, the SAWE Newsletter was discontinued 
after nine years of keeping the members informed of 
national and chapter activities. Also Weight Engineering, 
a good publication, ceased to exist.

However, in the middle of October each member re-
ceived a copy of the new Society publication “The 
Weight Record,” edited and published by the new Vice-
President, Ogden Bailey.
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Also in 1957, San Francisco became a new chapter. A 
year later, 1958, a new chapter was organized in De-
troit.

At the 1958 conference in New York, the Society es-
tablished the Annual Weight Optimization Award to en-
courage and give recognition to efforts leading to lighter 
weight in the design of flight systems or components. 
A committee was formed, nominations received and a 
winner was chosen: Mr. Kenneth Reiner of the Kaynar 
Manufacturing Co. Mr. Reiner was recognized for the 
invention and development of all metal self-locking 
nuts that revolutionized the aircraft fastener industry. 
Mr. Reiner’s idea led to the elimination of unnecessary 
weight from numerous aircraft and missiles.

During 1959, interest remained at a high level in the 
local chapters and the Society continued to grow. An 
organizational meeting was held for a new Sacramento 
Chapter.

The Birmingham Chapter was dissolved in 1960, since 
there were only six members left in the area. But, at the 
same time, a petition was received for the formation of 
a new chapter in Huntsville.

The Society was pleased to announce in 1960 the pub-
lication of “An Introduction to Aeronautical Weight 
Engineering.” The book was written, published, sold, 
and distributed by the membership of the Texas Chapter, 
over a two year period. It soon proved to be a valuable 
reference aid for SAWE members and an excellent in-
doctrination manual for new personnel. Sales of the new 
book were destined to cover the next six years.

In the latter part of 1960 came the first suggestion that 
the Society name should be changed. Proponents of the 
change insisted that it was necessary to be consistent 
with the changing times and the diversification of the 
profession. The most frequently suggested new name 
was Society of Aerospace Engineers.

At the 1961 Board of Directors meeting, a motion was 
passed that any name change would be such that the 
Society’s initials would remain S.A.W.E. A motion to 
change the Society’s name to “The Society of American 
Weight Engineers” was defeated.

Also in 1961, Fred Wetmore was appointed Executive 
Secretary. George Freeman was assigned the task of 
improving the financial operating procedures of the So-
ciety. Mr. Freeman’s efforts resulted in the establishment 
of businesslike budgets, straightforward bookkeeping 
methods, and improved financial operating plans that 
are still in effect.

Mr. Robert R. Belew became SAWE member number 
one thousand in 1962.

The Publication and Technical Paper Index listing all 
technical papers presented since 1941 was first printed in 
1962. An upsurge in paper sales immediately resulted.

At the 1962 Board of Director’s meeting, Northern Utah 
was accepted as a chapter and a proposal to accept adver-
tising in the Weight Record was defeated. Fred Wetmore 
resigned as Executive Secretary and was replaced by 
Robert Farr.

During 1962 the Royal Netherlands Aircraft Factories 
- Fokker became the Society’s first overseas company 
member.

Also in 1962, the Library of Congress requested and 
received all back issues of the Weight Record and was 
placed on the future distribution list.

In accordance with a directive from the Board of Direc-
tors, a committee was established in 1963 to determine 
a new name for the Society to be voted upon by the 
membership. “Society for the Application of Weight 
Engineering Inc.” was the name selected and submitted 
to the membership for approval. A heavy vote resulted 
and the name change was disapproved.

At the 1963 Board of Director’s meeting, New Orleans 
and Ohio Valley were accepted as new chapters and funds 
were allocated to publish the Atlanta Chapter’s “Weight 
Engineering as a Career.” Interest was again expressed in 
obtaining paid advertising for the Weight Record and the 
Los Angeles Chapter was asked to study the problem.

In 1954, Hampton Roads and Wright-Patterson were ac-
cepted as chapters to bring the total to 25 chapters. John 
Morgan resigned as Vice President and was replaced by 
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R. R. Thompson, Jr. Mr. J. A. Crabtree was appointed 
to represent the Society on a nominating committee to 
select candidates for inclusion in the Aerospace Hall of 
Fame.

Specialized sessions were held for the first time at a Na-
tional Conference in the areas of Land Vehicle Weight 
Engineering, Marine Vehicle Weight Engineering, and 
Metrology of Weight Engineering.

The NASA-DOD-Industry committee completed two 
years of hard work in standardization and classification 
of mass property requirements for boosters and space 

vehicles. The Society received a letter of thanks from 
Bureau of Naval Weapons for this committee’s efforts.

Early in 1965, official Society representatives were ap-
pointed for Europe Middle East, and Far East. Later in 
1965 Europe was designated as a new SAWE Chapter at 
Large with Mr. R. G. Mitchell of Surrey, England, Direc-
tor. During the year, the number of company members 
grew to 25.

In the spring of 1965, the Wright-Patterson Chapter, un-
der USAF Sponsorship, held a Weight Prediction Work-
shop for selected members of industry. The workshop 
covered V/STOL aircraft, hypersonic cruise vehicles, 
and space vehicles.

Are You Sure We've Got Everything We Need for This Weekend Building Project?

[This article is a combined reprint of three articles that appeared in the SAWE Journal in 1978 and again in 1983-84. In both 
printings, the third article was followed by the line “To Be Continued.” That never happened. Perhaps someone would like to 
continue this  history?]
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Abstract

The Prospector-17 (P-17) is a low cost suborbital launch 
vehicle designed to test wireless sensor technologies for 
aerospace control. Specifically, the goal of the project is 
to investigate the ability of distributed wireless sensors 
(accelerometers or strain gauges) for reconstructing 
elastic mode shapes onboard the vehicle and in real 
time in order to incorporate vehicle dynamics in the 
flight control system. The vehicle design is derived from 
previous Prospector vehicles but modified to decrease 
the mass for higher performance. It is propelled by a 
500 lbf thrust liquid oxygen (LOX)/ethanol rocket engine. 
The aluminum structure previously used was replaced 
with a composite structure composed of four carbon 
fiber/epoxy sections connecting the two stainless steel 
propellant tanks with some fiber glass/epoxy reinforce-
ments. To further lessen the mass, some changes were 
done to the propulsion system, primarily moving the main 
valve actuation assembly (MVA) from inside the vehicle 
to the outside, thus becoming part of our ground support 
equipment (GSE). Also, since the MVA is usually placed 

towards the aft end of the vehicle, removing it shifts 
the center of mass forward, making the vehicle more 
stable. With all these changes, the mass of the vehicle 
is predicted at 70 lbm, compared to 120 lbm for previ-
ous Prospector vehicles of similar size. The predicted 
mass of the vehicle is derived from our mass tracking 
approach, which is done simultaneously with the vehicle 
design and manufacturing. An Equipment List and Mass 
Properties (EL & MP) datasheet is constantly updated to 
keep track of predicted total mass and center of mass 
using American Institute of Aeronautics and Astronautics 
(AIAA) standards for mass tracking, allowing us to work 
on mass dependent aspects of the vehicle, such as fin 
design and the recovery system, before the vehicle is 
completely finished. The paper will introduce the wireless 
sensor network approach, present in detail the design of 
the P-17 vehicle and how our mass tracking practices of 
this and previous vehicles affected our design choices. 
P-17 was launched in early March 2014 in the Mojave 
Desert north of Edwards Air Force Base. The predicted 
performance will be compared with the actual flight test 
data.

Development and Mass Tracking of the P-17 Prospector Launch Vehicle
by

Jose Vivas, Naoki Oishi, Dr. Eric Besnard
Mechanical and Aerospace Engineering
California State University, Long Beach

Figure 1. P-17 Flight Test Team
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Project Overview
Prospector 17

The Prospector 17 (P-17) is a low cost suborbital launch 
vehicle designed for testing wireless networking tech-
nologies. It was built by students at California State 
University, Long Beach (CSULB) as part of the California 
Launch Vehicle Education Initiative (CALVEIN). The P-17 
vehicle is propelled by an existing 500 lbf liquid oxygen 
(LOX)-ethanol rocket engine design. [1] The airframe is 
composed of a carbon fiber and epoxy structure with fiber 
glass reinforcements and integrates two stainless steel 
propellant tanks into the vehicle structure.

The objective of the flight test was to determine the feasi-
bility of using wireless communications onboard a rocket 
to transfer sensor data from an inertial measurement unit 
(IMU) to a flight controller performing the guidance, navi-
gation and control (GN&C) functions while incorporating 
real-time vehicle dynamics data (such as bending) into a 
thrust vector control algorithm. [2,3] To accomplish this 
goal, the vehicle was built to accommodate two sets of 
open-loop wireless experiments, the first being a set of 
sensors and data acquisition computer designed and 
built by the University of Maine, Orono; the second 
wireless experiment was designed and built by CSULB 
students. The University of Maine package featured ac-
celerometers to measure the airframe dynamics at sev-
eral longitudinal locations in the vehicle and wirelessly 
communicate the measurements to a central node. The 
CSULB network was designed to measure angular rates 
via an inertial measurement unit (IMU) and transmit this 
data to another node on the vehicle.

CALVEIN

The California Launch Vehicle Education Initiative 
(CALVEIN) allows CSULB students to design and 
manufacture low cost liquid propelled suborbital launch 
vehicles. Students gain experience working on the 
airframe, avionics, propulsion system, ground support 
equipment, and recovery systems of the vehicle; as well 
as conducting launch operations for flight-testing. Stu-
dents learn about all topics either from more experienced 
peers or CALVEIN mentors. Mentors include professors, 
industry professionals, and CSULB alumni with experi-
ence in the program. The purpose of the program is to 
conduct launch vehicle technology research and devel-
opment while exposing CSULB engineering students to 
hands-on work. Until 2012, the program benefited from 
a close collaboration with Garvey Spacecraft Corpora-
tion. Over the last 14 years, the team has developed and 
conducted flight tests for 18 vehicles. These included the 
first known aerospike rocket engine flight test in 2003 
after more than four decades of research at NASA and 
the Air Force [4] and the first flight test of a LOX/methane 
rocket engine in 2008. [5] In all cases, student teams at 
CSULB developed engines.

The team working on developing and manufacturing the 
Prospector-17 vehicle consisted of nine undergraduate 
interns working in the Aerospace Systems Integration 
(ASI) laboratory at CSULB; with the help of undergradu-
ate and graduate volunteers. Students involved are from 
a variety of majors including: Aerospace Engineering, 
Mechanical Engineering, Electrical Engineering, Com-
puter Science, Computer Engineering, and Physics.

Figure 2. P-17 Vehicle Outline
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Wireless experiments

Two wireless experiments were flown on the P-17 flight 
test. The first was designed and manufactured by Univer-
sity of Maine students. The purpose of this experiment is 
to research into refining launch vehicle control systems 
by measuring and analyzing vibrational effects on the 
airframe and including its effect on the three rotational 
axes of the vehicle into the control system of the vehicle 
in real time. This would enable the launch vehicle to 
correct itself more efficiently in flight. This experiment 
includes accelerometers placed along the vehicle con-
nected wirelessly to each other, wireless connectivity 
was chosen, given the complications of wiring all these 
sensors together, and measuring these vibrations in the 
airframe.

The second wireless experiment was designed and man-
ufactured by CSULB students as part of the CALVEIN 
program; its purpose is to test the validity of wireless com-
munications in a launch vehicle. Consisting of an inertial 
measurement unit (IMU), connected to a transmitter, and 

another package in the vehicle with a receiver and data 
logger. The experiment will test if there is any delay or 
drop in packages associated with wireless transmissions 
in a launch vehicle during flight.

Design and Manufacturing
Previous Prospector vehicles

Continuing a legacy of launch vehicle designs, the P-17 
test vehicle integrates design concepts from previously 
flight tested Prospector rockets. Previous Prospectors 
vehicles include: P-2, the first ever flight tested Aero-
spike engine; P-3, a rocket developed as a test bed for 
Thrust Vector Control (TVC) technology; P-14 was the 
first liquid oxygen and liquid methane engine to be flight 
tested. CALVEIN rockets preceding P-17 had aluminum 
and wood airframe structures, this design was chosen 
for precise machinability, ease of work, and low cost, but 
adds unnecessary weight to the vehicle. The design of 
P-17 was initially drafted from these previous Prospector 
rockets but modified to reduce the overall vehicle mass 
to make it more efficient and achieve a higher thrust to 
weight ratio.

Figure 3. System Definitions
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Initial design and improvements

Mass data from previous Prospector vehicles shows the 
major contributions to the overall weight of the vehicle 
are due to the airframe and the propulsion system. To 
make a significant reduction to the mass of the vehicle, 
changes were made to these two systems. For the air-
frame, the aluminum and wood structure was replaced 
with lightweight fiber reinforced composite materials. 
Carbon fiber and fiberglass were chosen as the main 
airframe structure materials. To make the propulsion sys-
tem lighter, a few changes were made. The system was 
simplified, removing some plumbing previously used. 
To further reduce the overall mass, the Main Valve as-
sembly (MVA) was removed from the vehicle, and added 

to the Ground Support Equipment (GSE) outside of the 
vehicle. The MVA contains a pneumatic actuator that 
opens and closes the Main Valve, allowing propellants 
to flow into the engine. This actuator needs an internal 
tank of pressurized nitrogen gas, plumbing connecting 
this tank to the actuator and to the outside of the vehicle 
for remote pressurization, and solenoid valves to safely 
actuate it from a safe distance at the Launch Control 
Center (LCC). All of this was removed from the vehicle, 
leaving only a coupler arm connecting the Main Valve 
to the now External Main Valve Assembly (EMVA). This 
major change not only made the vehicle lighter, but also 
made it more stable, since the MVA is situated at the aft 
part of the vehicle, the center of mass shifted upward 
when compared to previous vehicles.

Figure 4. Previous CALVEIN/GSC Vehicles P-9 & P-18D. Courtesy Garvey Spacecraft Corporation



Volume 75 | Spring 2016 | Number 332

Airframe

Previous Prospector airframes consisted of three to four 
aluminum square tubes running along the length of the 
vehicle with wooden bulkheads joining them together, 
with components interfaced to these bulkheads. The 
large quantities of aluminum needed for the square 
tubing and all the mounting and interfacing hardware 
including bolts and screws adds significant weight to 
the vehicle. The change to composites meant no metal 
mounting hardware, and minimal need for bolts and 
screws.

This composite airframe originally consisted of five car-
bon fiber and epoxy tubes with an inner diameter of 7.4 
inches that were referred to as “skins,” later the number 
of skins was reduced to four to reduce the length, thus 
increasing flight stability. The reason behind this name 
comes from the fact that previous vehicles had cylindri-
cal skins to cover the skeletal like airframe, and these 
carbon fiber tubes both serve a structural purpose as 
well as cover the vehicle components inside, so they 
aesthetically and functionally resemble previous Pros-
pector vehicle skins. These skins are the structure of the 
rocket but to minimize the use of carbon fiber, given its 
high cost, the diameter of these skins is just enough to 
slip over the propellant tanks.

Two modified stainless steel fire extinguisher tanks 
function as the propellant tanks. The aft tank is fuel, and 
the forward tank oxidizer. Given the tight fit of the skins 
around the outside of the tanks, the tanks were incor-
porated into the airframe structure. It is these interfaces 
between skins and tanks that were one of the weakest 
points of the airframe, and an area of structural concern. 
These interfaces needed to be strong enough to take the 
thrust of the engine, as well as the bending moments it 
would be subjected to during flight. A Fiberglass skirt 
was bonded on to the tanks to allow a lip for the carbon 
fiber skins to be attached. The skirt was designed to be 
a tight fit inside the skins so that there were at least four 
inches of tight overlap between the carbon fiber skins 
and the skirts. This would help take the stress from the 
bending moments. For the stress due to the thrust of 
the engine and the air drag on the airframe, a fiberglass 
lip was bonded onto the inside of the skin to interface 
to the aft part of the skirt, so the stress would be taken 
by the composites or the bonding of the epoxy between 
the materials.

Manufacturing of the skins

A large majority of the team working on P-17 had little 
previous experience, with only about a year of volun-
teering experience in the CALVEIN program. The few 
students who did have rocketry experience were not 
familiar with composite work, since previous Prospector 
vehicles were mostly composed of aluminum and wood. 
Since composite manufacturing at such a scale was a 
relatively new technique for the students working in the 
lab, several iterations of manufacturing operations were 
conducted to improve the manufacturing technique. 
The first composite components that were made for the 
project were carbon fiber tubes that would make up the 
airframe of the vehicle.

To lay-up these carbon fiber and epoxy tubes, a stainless 
steel tube of 7.4 inch outer diameter was manufactured 
to function as a male mold for the skins. The five skins 
were all manufactured using the same technique. The 
sheets of carbon fiber with the desired fiber orientation 
were wrapped around the mold, and then epoxy was 
poured over it to impregnate the fibers. As soon as the 
lay-up was done, the skins would then be wrapped in 
release film and then some breather cloth and vacuum 
bag. A hose connected to a vacuum pump was inserted 
and a constant vacuum pressure of around -20 psi was 
kept throughout the curing process. After the tube was 
cured, the bagging material was taken off and then the 
skin removed from the mold.

Since the carbon fiber and epoxy had been pressed 
onto the mold as it hardened, the tube would not budge 
by hand. Dry ice was used to shrink the mold from the 
inside and slide the skin off, and although this worked, 
it was very labor intensive. Although this method was 
simple to perform, gravity pulled excess resin to the 
bottom side of the skin as it cured, oversaturating one 
side of the skin. The finish on the skin was also rough, 
and overall the skin carried excess weight due to the 
excess epoxy. This method was used for the first of the 
five skins that were manufactured, three of which were 
used on the airframe.

Over several iterations the fabrication method was im-
proved. The last skin manufactured was the one used 
to interface the vehicle to the engine. To minimize resin 
saturation, the carbon fiber pieces were impregnated 
off the mold, most of the excess epoxy was squeezed 
out on the table before then carefully wrapping it around 
the mold, and making sure to make it was tight around 
the mold with no air pockets inside. To obtain a better 
surface finish, the release film was very tightly wrapped 
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around the lay-up. This ensured a smooth surface finish. 
The lay-up was vacuum bagged and cured as before. 
Afterwards, instead of using dry ice and physical labor 
to remove it from the mold, a wooden lip with a layer of 
carbon fiber was bonded onto the tube on a section that 
would later be cut off. After this had cured, a fixture using 
a threaded rod and two aluminum plates was used to 
push the tube off the mold. This made the mold removal 
less physically involving, also ensuring no damage to 
the mold itself.

Propulsion system

The propulsion schematic of the P-17 vehicle is shown 
in Figure 6. Two propellant tanks, one housing ethanol 
and the other LOX, are connected to the engine via feed 
lines with the main valve right before the engine. Con-
nected just before the main valve are the fill/drain valves, 
where the propellants are loaded during launch opera-
tions. Before the propellant tanks are the pressurization 
manifolds, which include sensors to read tank pressures, 
solenoid valves for venting, relief valves to keep pressure 
below a certain point, and manual vents. In previous 
Prospector vehicles, the manual vents were routed all 
the way back down to the aft part of the rocket to allow 
for easy propellant loading operations. While loading 
propellant, the vent valves are kept open to allow for the 
displacement of air as the tanks are filled with propellant. 
Having these valves near the fill/drain valves allows for 
quicker and easier propellant loading. Routing the vent 
valves down to the aft part of the rocket adds more tubing 

and fittings, adding more unnecessary weight. Instead 
the vents were left on the pressurization manifolds and 
required climbing the launch rail for access. Using quick 
disconnecting fittings made it possible to perform the 
necessary operations with one hand. Launch operations 
were then updated to reflect the changes.

Assembly of airframe

Once the vehicle skins had been manufactured, the 
airframe could be assembled. This was one of the first 
things done in the project, and it was quickly learned that 
working on a composite rocket such as this one would 
be vastly different than working on any of the previous 
Prospector vehicles. The team was used to having an 
airframe assembled and being to work inside this air-
frame, adding onto it with plumbing and avionics, then 
finally sealing it all up with skins. With P-17, the skins 
were the airframe, so if work needed to be done inside 
the vehicle, the airframe had to be taken apart. Careful 
planning of how propulsion and avionic components 
were placed in the vehicle was done using a 3D Com-
puter Aided Design (CAD) model of the vehicle. When it 
became too complicated to approach efficiently through 
CAD modeling, a trial and error method was used to 
figure out placement of components in the more packed 
areas of the rocket.

Extensive leak checks were conducted on separate 
propulsion sections outside of the vehicle before they 
were interfaced for final assembly inside the vehicle. This 

Figure 5. Carbon Fiber Skin Lay Up
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Figure 6. (a) Propulsion Schematic and (b) Hardware Implementation of Highlighted Area of (a)

Figure 7. Fin Alignment Fixture
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limits the possibilities of having a leak in the plumbing 
out in the field. Avionics could not be easily accessed at 
the launch pad during operations for the same reason, 
so extensive system checks were conducted in the lab 
prior to launch.

Fin manufacturing

The fins on a rocket are used to control the dynamic 
flight characteristics and allow the rocket to achieve 
stability in flight. Previous Prospector vehicle fin designs 
were removable composite and balsa fins or aluminum 
fins that were bolted onto the airframe prior to launch. 
This method of fin attachment was simple to work with, 
especially because having the ability to remove the fins 
made working in the airframe easier. This interface was 
also very strong due to the fact that the fins would be 
bolted to the aluminum square tubing running along the 
length of the vehicle, these would also serve the purpose 
of aligning the fins. P-17 however features no aluminum 
square tubing in its structure, and required a new method 
of fin attachment and axial alignment.

In order to guarantee fin alignment, a fixture was de-
signed and manufactured to hold and align the fins while 
the curing process took place. The jig was manufactured 
out of acrylic sheets to hold the skin and fins in the aligned 
position using gravity so that no other movements from 
tightening bolts or screws could disrupt the alignment. 
To ensure accuracy, the acrylic sheets were laser cut 
to have tight tolerances. The choice of material came 
from the need of the laser cutter to be able to reliably 
cut the material. An accurate CAD model of the skin and 
of the fins was made to be able to have the right dimen-
sions of the pieces. This took any guesswork out of the 
fin alignment. Through these improvements on the fin 
design and manufacturing on P-17, this launch vehicle 
features lighter, and more accurate fins than previous 
Prospector vehicles.

The structure of the P-17 fins consists of a balsa sheet 
sandwiched between carbon fiber and epoxy. This 
produced a lightweight and strong fin using a method 
previously tested on some of the larger Prospector 
rockets. Three layers of carbon fiber were used on each 
side of the fins, with the highest density of fibers in the 
diagonal directions to stiffen against the torsional stress 
applied on them during flight. Next, leading edge caps 
were applied and a small strip of carbon fiber was ap-
plied to cover the exposed leading edge. Once the fins 
were manufactured, the fins needed to be aligned and 
attached to the vehicle.

Engine

The engine used on P-17 is a liquid propelled engine 
derived from a LOX/ethanol engine designed by CSULB 
students during a previous project. [1] The engine was 
static-fire-tested as part of that project. The engine has 
two main components, the injector and the chamber. The 
injector is an assembly of two machined aluminum plates 
that shoots the propellants into the chamber to combust. 
The injector is reusable and was just cleaned and reas-
sembled. A new chamber was fabricated and the engine 
liner was manufactured. Students under supervision of a 
school technician did the machining of the flange in the 
University machine shop.

The shape of the chamber was designed and all that 
needed to be done was to manufacture it and interface it 
to the injector. The chamber consists of a silica-phenolic 
ablative liner, fitted into a machined aluminum flange for 
interfacing to the injector, and then wrapped in carbon 
fiber and epoxy for structure. The lay-up of this cham-
ber was done in-house by students under supervision 
of the program director. Once the mold was covered, 
the mold was removed from the lathe and prepared 
for vacuum bagging. The mold was covered with peel 
ply, then breather cloth, and the entire assembly was 
wrapped in bagging film. Once complete, the mold was 
placed in an oven and set on an oven cure cycle involv-
ing various ramp and dwell periods in order to cure the 
phenolic resin.

Recovery System

CALVEIN specializes in low cost sub-orbital launch 
vehicles, and parachute recovery systems are imple-
mented on vehicles so that they can be recovered and 
flown again for different projects. The recovery system 
for P-17 is a two-stage system. At apogee, a four foot di-
ameter drogue parachute is deployed to slow the descent 
of the vehicle enough to safely deploy the eighteen foot 
diameter main parachute at a lower altitude. A two-stage 
recovery is used to reduce the distance the vehicle drifts 
from the launch pad, making vehicle retrieval simpler 
and more reliable.

Parachutes are ejected from the body of the rocket with 
black powder charges ignited by electric matches. The 
drogue is housed inside the nose cone along with a 
separate two foot diameter parachute for the nose cone 
itself. The nose cone has its own parachute because the 
black powder charge blows the nose cone off the vehicle, 
and to lessen the chances of the nose cone interfering 
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Figure 8. Carbon Fiber Fins on P-17

Figure 9. LOX /Ethanol Engine Design Used for 
P-17

with parachute deployment, it was just left with 
its own  parachute. Three nylon fasteners shear 
off from the pressure exerted by the black pow-
der charges. A protective blanket protects the 
parachutes in the rocket from the explosions. A 
two-foot diameter pilot chute is later shot out to 
guide the main parachute out of the rocket.

Once the design of the recovery system was fi-
nalized, testing was conducted to ensure proper 
deployment of the parachute. Variables tested 
included required amount of black powder to 
eject the nose cone and parachutes, proper 
unraveling of the main parachute and drogue, 
and overall reliability of the recovery system. 
A test fixture was made to deploy the recovery 
system. Tests were conducted multiple times, 
with each iteration containing design improve-
ments based on data collected from the previ-
ous tests.

Avionics

Aside from the wireless experiment, basic avi-
onics were flown on the vehicle. For the recovery system, 
recovery electronics were flown to engage the black 
powder charges for the parachutes at apogee and 1,000 
feet altitude. Two RRC2s were used for redundancy, in 
case one malfunctioned, the other would carry out the 
recovery operations. To recover propulsion data from 
the engine, a data logger was flown; it was connected 
to pressure transducers placed branching off the feed 
lines right before the engine, and right at the chamber. 
This data logger package also had three accelerometers 
to record flight trajectory data.

Ground Support Equipment
External Main Valve Assembly

As stated before, the MVA was removed from the ve-
hicle and made part of the Propulsion Ground Support 
Equipment (PGSE). Prospector vehicles have always 
incorporated internal MVA and although it adds weight 
and complicates the internal propulsion of the vehicle, 
it does assure that the Main Valve is fully open. If the 
vehicle starts to lift off as the Main Valve is still opening, 
the internal MVA still continues to actuate open. With an 
EMVA, the vehicle becomes much lighter but there is a 
risk that the assembly disconnects before the main valve 
is fully actuated. If this occurred, the engine would not be 
running at fulI thrust. To resolve this issue, a hold down 
fixture was designed to hold the rocket until a certain 
thrust was achieved.
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Figure 12. Pop Test Fixture

Figure 10. Students and Pro-
gram Director Manufacturing 

Phenolic Engine Chamber

Figure 11. Silica Tape Impregnated 
with Phenolic Resin Applied onto the 

Carbon Engine Mold
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Figure 13. Nose Cone Ejected Testing De-
ployment of the Drogue and Shearing Off 

Nose Cone

Figure 14. Data Logger Electronics Configuration

From the beginning of the project, it was kept in mind to 
keep things simple, especially when working with some-
thing like the EMVA since it was a new system with which 
the team had no experience. To start the design, a linear 
pneumatic actuator was used, due to existing familiarity 
with the device. Starting the design with something well 
known to the team means that they already have many 
ideas and lessons learned from previous experiences. 
The first aspect of the main valve assembly that needed 
to be defined was the connection of the actuator to the 
launch vehicle. This connection had to be strong enough 
to take the loads from the actuation, but weak enough 
to be able to disconnect when the rocket lifted off. The 
connection also had to have the ability to open and close 
the main valve on the launch pad for safety reasons. 
And most importantly of all, it had to be consistently reli-
able. After testing several iterations, the best connection 
consisted of a U-shaped piece of brass with two spring 
loaded ball bearings inside to ensure that the connection 
was tight in the direction it needed to be, but when pulled 
up by the rocket, it would easily disconnect.

Once this connection was established, the next step 
was how to control the actuation and how to mount it 
externally. Since the pneumatic actuator that was being 
used had already been previously used for a similar 
purpose, the design for remotely actuating it was already 
designed and tested and just had to be rebuilt with new 
hardware. Using a four-way solenoid valve to add and 
remove pressurized nitrogen from the actuator, it was 
possible to control the EMVA from a safe distance. Then 
with an accurate model of the launch rail to be used, 
several ways to securely attach the EMVA to the launch 
rail were devised, with simplicity and adjustability. Out 
in the field, steel bars with evenly spaced holes all along 
the length were bolted and clamped on the rail, and the 
actuator was bolted to them in the right position.

The last aspect of the EMVA that needed to be defined 
was the hold down fixture. It was chosen to use a number 
of nylon fasteners to hold the vehicle and then shear 
off at a certain thrust. This was chosen due to ease of 
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manufacturing, and familiarity with nylon fasteners from 
our recovery system. The breaking thrust was chosen 
to be 200 lbf; and it was calculated that four #10 diam-
eter nylon bolts would break at that load. A fixture was 
manufactured to attach to the launch rail and the vehicle 
at the aft section, and then the shear point of the bolts 
was tested to shear at 200 pounds was reached.

GHe Fill line separation

An important part of launch operations is the pressuriza-
tion of the vehicle. P-17 is pressurized to 375 psia with 
Gaseous Helium (GHE). Once the vehicle is pressurized, 
no personnel can be near it, and the entire team is in view-
ing bunkers. To pressurize the rocket, there needs to be 
a line connected to the tanks to provide helium, and this 
line needs to be disconnected remotely. Referred in the 
lab as Quick Disconnect Separation (QD Sep) because 
it uses a quick disconnecting fitting, it is very important 
that this system works reliably.

Several different QD Sep systems have been designed 
for previous vehicles, but they required extensive time to 
set up and test out in the field. To reduce this time, the 
QD Sep system was redesigned to be quick and reliable 
for P-17. To make the design more reliable, it was simpli-
fied to incorporate one linear actuator, set up to make 
the loading symmetrical, so no torqueing would cause 
jamming. An elastic cord attached to an anchor point on 
the QD Sep mechanism and to the launch rail would pull 
the QD Sep as soon as it disconnected.

Propulsion Ground Support Equipment

The ground support equipment concerning the pres-
surization of the vehicle is referred to as the Propulsion 
Ground Support Equipment (PGSE). The main part of 
this PGSE is the pressurization panel, which connects 
the nitrogen and helium cylinders to the vehicle.

The rest of the PGSE includes flex lines, regulators, 
pressure transducers, and ball valves. The design for 
the PGSE began with a propulsion schematic to figure 
out the number of components and lines needed to per-
form all the actions needed. It was determined that two 
three-way solenoid valves were needed to perform the 
operations. The pressurization panel was designed to 
incorporate these valves and would make up the PGSE. 
After the panel was designed, modeled, and manufac-
tured, the entire PGSE was set up in the lab and tested 
at low pressure.

The PGSE equipment was also used to load the cryo-
genic liquid oxygen into the rocket. This is the most haz-
ardous operation within the launch procedure. Students 
wear necessary Personal Protective Equipment (PPE) 
during these operations and follow detailed procedures 
while conducting LOX loading. All unnecessary person-
nel are evacuated from the launch.

Electrical Ground Support Equipment

The ground support equipment concerning the electrical 
commands and signals is referred to as the Electrical 
Ground Support Equipment (EGSE). The EGSE con-
sists of the boxes with an array of electrical components 
whose function is to act as the “brain” of the rocket. 
Commands from our launch computer are interpreted 
and sent to the vehicle, and any sensor data from the 
vehicle is interpreted and sent to the computer. The 
EGSE design had previous success in other Prospector 
vehicles with experienced team members working on the 
P-17 flight test.

Mass Tracking
Equipment List and Mass Properties

To be able to keep track of parts, masses, and center of 
mass, an Equipment List and Mass properties (EL&MP) 
is used. This tool keeps track of every part flown on the 
vehicle, the mass and the position of each part’s center 
of mass. The tool also calculates the total mass, including 
growth rates, and center of mass of the entire vehicle.

Figure 15. Pressurization Panel Design
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Figure 16. PGSE Schematic

Figure 17. QD Separation CAD Model Figure 18. Loading Liquid Oxygen in the Rocket
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Figure 19. Electrical Ground Support Equipment Schematic

Figure 20. EGSE Equipment Set Up Near the 
Launch Rail

Figure 21. P-17 Vehicle CAD Model Internals with 
Skins Removed

Figure 22. Vehicle as Found at Crash Site
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AIAA Standards

The AIAA Mass Growth Allowance practices are ap-
plied to this project. [6] The standards provide growth 
allowance for mass properties on objects on the launch 
vehicle depending on the accuracy of the mass value. 
Mass properties for a vehicle component may have three 
possible classifications: actual, calculated, or estimated 
as defined in Table 1.

Mass Tracking Practices

At the beginning of the design process of the P-17 ve-
hicle, an EL&MP was drafted out along with a CAD model 
of the vehicle. Components and masses were estimated 
using the model. Throughout the entire manufacturing 
process, the EL&MP was continuously updated. Any 
changes to the vehicle design were also updated on 
the corresponding model. Calculations could be done to 
find estimated masses and center of masses, and then 
when actual hardware was received or manufactured, 
actual mass property values were added. Weighing 
vehicle components took priority to integrating them; 
components would only be interfaced after the EL&MP 

Classification Growth Allowance Description
Estimated 30% Value is estimated based on rough sketches, parametric 

analysis, or under-defined reouirements.

Calculated 10% Value is based on final design using reliable estimates. 
CAD models. or manufacturer specs.

Actual 0% Recorded mass of actual obiect

Table 1. Mass Classification

Final Actual 
Mass [lb]

Total Predicted
Mass [lb]

Basic
Mass

Estimated
Growth

P-17 Vehicle Summary 71 71.3 68.22 3.1
Payloads 4.3 0.9
Airframe 10.5 0.1
Fins 3.0 0.5
Engine 8.3 0.8
Propulsion 27.5 0.0

Avionics 2.7 0.8
Recovery 9.6 0.1
Fairing 2.2 0.0

Table 2. ELMP Summary
was updated. Mass tracking was a high priority for 
flight vehicles, since mass properties are such a crucial 
attribute of a launch vehicle. This would ensure an ac-
curate estimate of the final mass and center of mass. 
The final mass of the rocket calculated from the EL&MP 
was 71.3 lbm with 91% actual weights. Out in the field, 
our load cell on the launch rail showed 71.0 ± 0.5 lbm 
due to hardware noise.

Mass Dependent Aspects

The recovery design implemented for P-17 features a 
drogue parachute deployed at apogee and a pilot and 
main parachute deployed at 1,000 feet altitude. The 
recovery configuration had been successfully used to 
recover previous launch vehicles and proved to be a 
reliable recovery system. Parachute selection required 
mass projection estimates to calculate descent rates. All 
recovery system components were purchased before 
knowledge of the actual final vehicle weight, using only 
estimates provided by implemented design tools.

A rocket is an unstable flight vehicle that is stabilized 
with fins. Similar to airplane wing design, the balance 
between the center of pressure and the center of  gravity 



Volume 75 | Spring 2016 | Number 3 43

is what allows stable flight. Mass tracking techniques es-
timated the location of the center of gravity in the design 
phase, and as the estimates became more precise, fins 
were sized, and then manufactured and interfaced on 
the vehicle as the manufacturing of the vehicle came 
to an end.

Flight Test and Results
Flight Test

The flight test was conducted on March 22, 2014, at 
the Friends of Amateur Rocketry (FAR) launch site in 
Mojave, California. The final vehicle weight measured 
on a load cell attached to the launch rail measured 70 
lbs, consistent with the predicted mass of the rocket. The 
new main valve assembly, QD separation, and vehicle 
design all functioned nominally. The flight test was suc-
cessful and the rocket tracked smoothly to apogee. At 
apogee, the drogue parachute was deployed and the 
rocket descended. At 1,000 feet, the main parachute was 
deployed. At some point between an altitude of 1,000 
feet to ground level, the main parachute line failed, drop-
ping the rocket to the ground. The team consensus was 
that during parachute pop-tests, the ignition of the black 

powder charge caused surface damage to the parachute 
line. Although the damage seemed trivial, it propagated 
through the line and dropped the rocket. From the crash 
site, three SD memory cards were recovered. Despite 
losing the launch vehicle, the test was still considered a 
successful flight, and the team is processing recovered 
flight test data.

Conclusions and Recommendations

Flight operations went smoothly and all systems on the 
rocket worked just as expected. It seemed that simplify-
ing many of the systems and components made opera-
tions simpler and the vehicle more reliable. Having a 
hard to access airframe led to many checks, such as 
leak checks and systems check in the lab, which led to 
solving a lot of problems before going out to the field to 
launch.

The estimated mass of the vehicle was 71.38 lbm and 
the actual weight read by the load cell out in the field 
read 71 lbm give or take 0.5 lbm of noise. This confirms 
the reliability of the mass tracking practices used on the 
P-17 launch vehicle.
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Chapter Reports Spring 2016

Brazil Chapter

As we had mentioned proudly in our last chapter report, 
we had submitted three abstracts for the International 
SAWE conference:

Aircraft Weighing Using Roll on Platform Scales•	
Evaluate the Windage Damping Effect on the •	
Moment of Inertia Measurement Using a Physical 
Pendulum Method
Weight and Structural Optimization in Aircraft •	
Design

From these three abstracts, we are proud to mention that 
we will be presenting one paper in Denver: “Weight and 
Structural Optimization in Aircraft Design." Hopefully, 
we will be able to present the other two next year at the 
International SAWE Conference.

The Brazil Chapter has also recently concluded all of the 
membership renewals.

Juliana Filippozzi
Director, SAWE Brazil Chapter
+ 55 12 3927-0743
juliana.filippozzi@embraer.com.br

Canada Chapter

Oddly, we are now in the middle of an unusually cold 
spring versus a warm winter (speaking for southern 
Ontario). Oh, Mother Nature abides by the Law of Aver-
ages.

On the work front, things are improving. Bombardier 
won a huge order to supply C-Series aircraft to Delta 
Airlines.

Our Chapter has been actively involved in monthly 
conference planning meetings; while progress is being 
made in most areas, we are still having difficulty secur-
ing new sponsorships from our Canadian corporations 
due to current economic conditions. Maybe things will 
improve going forward.

Our main focus of activity continues to be:

1.  Securing new sponsors/vendors for our fall and 
spring conferences.

2. Offering new training opportunities, in addition 
to those that are regularly requested, to help ex-
pand this important aspect of our organization.

3. Encouraging our local universities in Ontario 
and Quebec to get involved by attending and 
participating at these upcoming conferences.

Rod vanDyk and Whidy Kiskunas were invited to ad-
dress a 4th year aircraft design class of approximately 50 
students at Ryerson University in Toronto on March 17, 
2016. The presentation was titled “SAWE Weight & Mass 
Properties for Aircraft Design.” Since this was our first 
effort, we did not know what to expect. Feedback from 
the event was positive; and the professor extended an 
invitation to come back and present to next year’s class. 
We have forwarded our presentation to our Montreal 
members to present to their local universities. The pur-
pose of this presentation was to introduce the students 
to the field of Mass Properties and the SAWE.

Our great conference planning team is diligently working 
to prepare for our upcoming events. We look forward to 
hosting our fellow SAWE members on November 3-5, 
2016 (Fall Regional Conference) and May 20-24, 
2017 (International Conference). Both conferences 
will be held in downtown Montreal at the Hotel-Omni 
Mont-Royal.

We will give a more complete update at this year’s confer-
ence in Denver. In the meantime, the Canada Chapter 
wishes our membership all the best in 2016!

For more information about our chapter and recent activi-
ties please see our website (www.sawe.ca).

Whidy Kiskunas, Fellow
Director – SAWE Canada Chapter
vidas.kiskunas@utas.utc.com
905-827-7777 ext. 3385
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Central European Chapter
 
The main activity in the Central European Chapter in 
the last few months was for the Pre-Host Committee, in 
connection with D. J. Feldman, to evaluate and select 
a Conference Hotel for the 77th SAWE - International 
Conference on Mass Properties Engineering, 2018, 
in Toulouse, France. The selection was Centre de 
Congres & Mercure Hotel in Toulouse.

Host Chapter
Miguel Mascaray-Rufas, AIRBUS
Werner Sellner, Sellner Aerostructures

Conference Co-Chairmen
Ruben Gonzalez-Gonzalez, AIRBUS
Jorge Antonio Bes-Torres, AIRBUS

Capital Region Chapter

Another spring and with that comes our annual member-
ship drive and elections for chapter officers. We had two 
open positions that were filled by this year’s elections. 
We are now under a membership drive which starts by 
getting our existing members signed up for the next year. 
Hopefully, a few chapter members can get a co-worker 
or two to become new active members of SAWE. 

Some of our members have been reviewing the “Pub-
lic Draft” for document number SAWE PD RP M-10: 
Standard Mass Properties Terminology for the Marine 
Industry. All comments and changes will be presented 
to the authors at the Marine Section at this year’s Inter-
national Conference.

We had a very interesting presentation for our March 
brown bag meeting. Mr. Dave Parshall from Alion Sci-
ences gave a presentation on the difficulties of working 
with a foreign government in designing a new Offshore 
Vessel for the Indian Navy. Communications were a 
major issue, which included the language along with 
the time difference of 10 hours. Even the differences 
between building practices between a US shipbuilder 
and an Indian shipbuilder created some obstacles that 
had to be resolved.  In addition, there were other unique 
hurdles such as the need to build a fence around the 
shipyard so that ship workers would not get attacked by 
wild tigers roaming about. 
 
Dan Dolan
President, SAWE Capital Region Chapter
(202) 675-4340

Hampton Roads Chapter

The Hampton Roads Chapter of the SAWE ended 2015 
in style with a Christmas lunch meeting at Abeulo’s Mexi-
can restaurant and began the year a little flat footed; after 
a busy holiday season there was a lull in activity as all 
of us reassessed our priorities in life.

Accordingly, a State of the Chapter Meeting was called 
in February to discuss just that – the state of the Chapter 
and where we are going. Membership has seen a slight 
decline, but also concerning is the very slow draw down 
on the bank account as the years have gone by. The 
Hampton Roads Chapter has been living off of a confer-
ence hosted several years ago and the funds it produced. 
Membership dues have not been enough to counteract 
the chapter’s modest expenses, and,  accordingly, this 

Vendors and Sponsors Coordinator
Jose-Maria Gutierrez-Zua-Zua, AIRBUS Defense  
& Space

Technical and Training Coordinator
Judi Cheeseman, AIRBUS

Press & Media Coordinator
Elena Adela Surdu, CEPSA

I thank the whole team for their excellent work.

Now, members of the SAWE, start planning for the next 
International Conference in Europe.

A further activity is the organization of the common LTH/
SAWE Mass Property Panel Meeting in July 2016. This 
132nd LTH/SAWE Meeting will take place on 5-6 July 
2016 at the company facilities of:

MTU Aero Engines Company Site
Landhuter-Strasse 70

D-85435 Erding, Germany

The responsible organizer is Thomas Weltrowski, Weight 
Engineer at MTU Aero Engines. We have an agenda with 
18 mass relevant papers and additional presentations. 
We expect about 20 attendees for this two-day meeting. 
SAWE-members are always welcome.

Best Regards
Werner H. Sellner
Director, SAWE Central European Chapter
Chairman, LTH-Mass Analysis Panel
+49 8102 407407
werner_sellner@web.de
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year we have had to pull back from some of our in-
volvement in things like the Newport News Apprentice 
School’s small boat competition, a STEM initiative with 
some of the local high schools.

On a more positive note, SAWE Hampton Roads did 
participate in Engineering Career Days in February, 
presented by NASA Langley and hosted by Newport 
News Shipbuilding. SAWE representatives met with high 
school students to discuss the Society, what it stands for, 
and why weights are important in the engineering of a 
multitude of items.

After February, we got back into the habit of having meet-
ings on nearly a monthly basis. There was a meeting 
in late March on a plan for several papers to be written 
over a number of years concerning weight surveys and 
uncertainty. There will be another meeting in May on a 
weight analysis done on the CSS Virginia as part of a 
graduate thesis, and our last meeting of the year will be 
in June where new officers will be elected and highlights 
of the international conference will be given. In addition to 
our director, two people will be attending the conference, 
and we are looking forward to good discussions with the 
rest of the community.

Nick Marickovich
Director, SAWE Hampton Roads Chapter
Nicholas.e.marickovich@hii-nns.com
(757) 534-0336

Houston Chapter

Welcome back to SAWE Houston y’all. We are planning 
for a successful year ahead, as we work to better what it 
means to be a Mass Properties/Weight Control Engineer 
in the Aerospace and Energy Industries. We are also par-
laying our efforts to support the International community 
through increasing support and participation.

Locally, we are planning for a regular meeting schedule, 
which will allow participants to rely on planned meetings 
and schedule their time accordingly. Dates are to be 
determined by sometime in June. Houston Mass Proper-
ties/Weight Control Industries are located in two areas 
primarily. If you have never been to Houston, give your-
self plenty of time to travel around town. The Aerospace 
community is primarily located near Johnson Space 
Center Southeast of Houston. The Energy industry is 
primarily located on the West side of Houston. We will be 
alternating local meetings between the two, staggering 
the weeks of one month allowing those interested, the 
opportunity to attend both. Once every two months, we 

will have a “local” meeting in these proximities. During 
the other months, we will support a “centralized” meeting 
between the two primary localities.

Our goal is to increase technical content. In May, Aker 
Solutions continued their support of the SAWE locally by 
hosting a virtual meeting supporting the Standards and 
Practices Offshore session of the SAWE Inc International 
Conference being held in Denver. In June, we will have 
a speaker for our general meeting. The speaker will talk 
about recruiting Mass Properties and Weight Control 
Engineers. SAWE Houston made contact with numer-
ous companies at the Topsides Conference in Galveston 
earlier this year. We will be bringing presentations from 
them to our meetings in future months.

At the International level, we are working to serve the 
people and companies of the discipline and industries. 
Local members working at the International level include 
an Executive Vice President, a Senior Vice President, 
Standards and Practices development support and other 
efforts. Check out the SAWE Ops Manual readily avail-
able after you log on at SAWE.org to get a definition 
of these positions as well as learning more about the 
protocols of our society.

Houston is working two Standards and Practices rel-
evant to the energy industry. Our local President, Mr. 
Bill Randall, is the champion of both efforts. He needs 
support for further development. The Standards/Recom-
mended Practices deal with Coordinate Systems and 
Terminology in the Offshore Industry. Contact SAWE 
Houston with your interest to participate in the develop-
ment of these, as well as suggestions you may have for 
future endeavors.

Speaking from personal experience, participation in the 
SAWE has been enriching. I have met and worked with 
extraordinary people whose traits I work to incorporate 
into my own. Members of the Society of Allied Weight 
Engineers offer numerous examples of drive and intel-
ligence in the engineering profession. You will engage 
with people of similar interests who can offer you mentor-
ship and professional camaraderie.

The Society of Allied Weight Engineers Houston strives 
for excellence by supporting and enabling our member-
ship for growth beneficial to all involved.

Clint Stephenson
Director, SAWE Houston Chapter
clintdsemail@yahoo.com
(832) 647-5599
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Los Angeles Chapter

January 28, 2016. Sizzler Restaurant. General chapter 
meeting and presentation of Advanced Concepts of 
Future Space Propulsion by Greg Meholic of The Aero-
space Corporation. His presentation was interesting and 
intellectually challenging, although seemingly esoteric at 
times. These are the propulsion concepts for advanced 
physics buffs.

Twelve members attended. We quickly got down to 
business. Secretary, Treasurer, and Director Reports 
were read and approved. We discussed the Interna-
tional Conference in Denver, Colorado. We discussed 

the registration allocations that resulted from becoming 
a Bronze Sponsor ($1,000). As part of our ongoing ef-
fort to engage chapter members, it was proposed we 
hold raffles at our monthly meetings in order to reward 
members for attending. Finally, we decided that a future 
chapter meeting should be held in the San Diego area. 
Several of the LA area members voiced their desire to 
support this effort. 

February 11, 2016. The Sizzler Part Deux! General 
chapter meeting and presentation of SMAP (Soil Mois-
ture Active Passive) Satellite by Morgan Hendry. Sorry, 
no photos from the presentation. Morgan has turned his 
presentation into a paper and will be presenting it at the 
International Conference in Denver.

 The general chapter meeting concluded quickly in favor 
of proceeding with the presentation. Meeting minutes, of-
ficer reports, and new business were concluded without 
issue or comment. The Chapter is anxiously awaiting 
the 75th Diamond Anniversary International Conference 
in Denver, Colorado. 

We also held an April chapter meeting to discuss busi-
ness and elect new officers for the coming year. Our 
chapter has been meeting regularly at the Sizzler in Tor-
rance because it has a good meeting room. As always we 
had reports from our Director, Secretary, and Treasurer 
at each meeting.
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We also held an adjunct meeting in Poway, California, to 
be able to meet and fellowship with our members in the 
San Diego area. I reprised Jeff Bautista’s presentation 
on JWST and Pat Brown reprised his CG Curtailment 
presentation, which had been topics at previous LA area 
meetings. Both of these subjects will also be presented 
at the International Conference.

That’s all from LA… For Now!

Kevin Tharp
President, SAWE Los Angeles Chapter
Kevin.tharp@ngc.com
(310) 812-0255

Mojave Desert Chapter

After a quiet start to 2016, activities for the Mojave Desert 
chapter are gaining pace. We had one chapter meeting 
on February 3 where discussions focused on chapter 
officer nominations and chapter projects. The results of 
chapter officer elections are: Director – Jim Valentine, 
President – Roman Aman, Vice-President – Megan 
Derrig, Secretary – Andy Walker, and Treasurer – Glen 
Maijala. Our chapter also elected to exercise the option 
of becoming a Bronze Sponsor for the 2016 Interna-
tional Conference. Our chapter should have a strong 
presence at the conference with at least four members 
attending.

Glen Maijala
Director, SAWE Mojave Desert Chapter
glen.maijala@lmco.com
(661) 572-1086

Rocky Mountain Chapter

The 75th Annual SAWE Conference on Mass Properties 
Engineering is almost upon us, and the Rocky Mountain 
Chapter has been hard at work preparing a significant 
conference experience for all SAWE members to enjoy.  
Using a spectacular hotel in the heart of the Denver 
Tech Center as our basis of operation, the chapter has 
ensured that this conference will be a memorable one.  
With a Sunday train ride to a silver mine nestled in the 
Rocky Mountains, our special Monday evening event at a 
Scottish Castle with a special Scotch Tasting and Dinner 
and unbelievable vistas from a mesa of the entire front 
range of the Rocky Mountains, and daily spousal events, 
our conference special events will vie for top honors of 
any SAWE conference.  The Technical committee has 
prepared a first-rate technical program.  We expect an 
outstanding Standards and Practices day with Dr. Roger 
McNamara from Lockheed Martin’s Orion Program as 
our guest speaker.  As usual, we have a well thought 
out training program for this conference.  For our student 
members, SAWE Academic Chair Dr. Donna Gerren, a 
Rocky Mountain Chapter member, put together a pack-
age of events, challenges, and training that promises to 
entice student participation at this conference.

All of us here in mile high Denver, Colorado, have 
worked hard over the last months to ensure SAWE’s 
Diamond Anniversary Conference will be a conference 
to remember.

Robert L. Zimmerman
Director , SAWE Rocky Mountain Chapter 
2016 SAWE Conference Co-Chair
zimmie@abwam.com
(303) 697-5905

Southeast Regional Chapter  

The annual officer election was held and the following 
members were elected as chapter officers for 2016:

President ....................................................Farid Farizy
Vice President ......................................Thomas Tanner
Secretary .............................................Brett McFarland
Treasurer .........................................................Dell Ruff 
Thomas Greiner remains the Chapter Director through 
2017.

Dell Ruff
Treasurer, SAWE Southeast Regional Chapter
Office:(912) 965-5871
Mobile: (912) 346-1544  
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St. Louis Chapter

As I write this, it is less than a month until our diamond anniversary conference in Denver. I wrote a paper, but getting 
it through Boeing’s release system has been a new experience in frustration. Hopefully by the time you read this, 
everything has worked out, I have presented it at the Denver conference, and it has been hailed as the finest work 
to ever have been done by an SAWE member!

The primary focus of attention for the St. Louis chapter this year has been to reinvigorate the chapter and start 
having semi-regular meetings again. We have had three, but for the most part it has only been the officers and 
their significant others attending. We have preliminary plans for a meeting in June to report on the conference and 
actually have a speaker or speakers. But with the upcoming conference taking our focus, not much has been done 
with that so far.

Of course, St. Louis has the primary issue shared by other chapters in that many of our members work with each 
other every day, and do not necessarily see a need to socialize outside of the office. Couple that with the fact that 
the distance between our eastern- and western-most members probably borders on a two hour drive, and it is dif-
ficult to find convenient times/places for everyone.

But at least we are trying to be active again, and give our members more bang more their membership bucks. Until 
next time, the adventure continues.

Tom Schultz
Director, SAWE St. Louis Chapter
thomas.m.schultz@boeing.com
(314) 777-7021

Texas Chapter

The Texas Chapter officers finishing up their terms are as follows:

Director (2014-2016) ...............Jerry Pierson ................. jerrylpierson@aol.com ..................817-905-8575

President (2015-2016) ............Errol Oguzhan ............... errol.r.oguzhan@lmco.com ...........817-762-2473

Vice President (2015-2016) ....Jonathan Curtis ............. jonathan.w.curtis@lmco.com .......817-655-6682

Treasurer (2012-2014) ............Aaron Wheeler .............. aaron.l.wheeler@lmco.com ..........817-763-7708

Secretary (2012-2014) ............  Aaron Wheeler ............. aaron.l.wheeler@lmco.com ..........817-763-7708

The Texas Chapter has started holding monthly meetings on the first Thursday of every month. Our first meeting 
was held on the patio at Central Market in Fort Worth on 3 September. Since that first meeting, the Texas Chapter 
has supported the following meetings at a rate of about 10%-20%. I was truly hoping that monthly meetings would 
encourage increased participation and bring in some new members.

The Texas Chapter has also opened up our nomination process for officers. Aaron Wheeler has thrown his name in 
for Vice President and a new member, Dominique Allen, will be running for Secretary/Treasurer. If no other folks step 
forward, Jerry Pierson has agreed to continue on as Director and Errol Oguzhan will continue on as President. 

If you are interested in the goings on of the Texas Chapter or other projects we have, please visit us at https://www.
sawe.org/texas.
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Monthly Meeting Dates:

Thursday, 3 Sept 2015 – 1730-1830, Central Market, 4651 West Fwy, Fort Worth, TX 76107
Thursday, 1 Oct 2015 – 1730-1830, Central Market, 4651 West Fwy, Fort Worth, TX 76107
Thursday, 5 Nov 2015 – 1730-1830, Central Market, 4651 West Fwy, Fort Worth, TX 76107
Thursday, 3 Dec 2015 – 1700-1930, Social Only, The Ginger Man, 3716 Camp Bowie Blvd, Fort Worth, TX
      76107
Thursday, 7 Jan 2016 – 1700-1830, Bar Louie, 2973 West 7th St., Fort Worth, TX 76107
Thursday, 4 Feb 2016 – 1700-1830, Buffalo West, 7101 Camp Bowie Blvd, Fort Worth, TX 76116
Thursday, 3 Mar 2016 – 1700-1830, Central Market, 4651 West Fwy, Fort Worth, TX 76107
Thursday, 7 Apr 2016 – Possible Aircraft Weighing Demo (Elections for 2016-2017 officers)
Wednesday, 4 May 2016 - 1700-1900 Social, Rahr & Sons Brewery, 701 Galveston Ave, Fort Worth, TX 76104 
(Installation of officers, last meeting of 2015-16 SAWE year and prior to International Conference)

Our 2016 Texas Chapter Regional Training Conference in Waco, Texas, was separated into two sessions. The first 
session was held February 23-27 and featured the mainstay courses of Aircraft Weight & Balance and Automated 
Weight and Balance System (AWBS). This session was very well attended. There were 11 students who attended 
the Aircraft Weight & Balance class and 16 students who attended the AWBS class. These two courses represented 
half of our Training Conference for the spring of 2016. 

We initially moved two additional courses on Fuel Calibration and on the Aircraft Weight Engineering Textbook to April 
of this year. Unfortunately, the instructors’ work schedules prevented completion of training material and would not 
allow time for one instructor to present in April. The Textbook and Fuel Calibration courses will be developed further 
with the goal of presenting this training at a Texas or other local regional in the Fall of 2016 and then hopefully at 
the 2017 SAWE International in Montreal, Canada. 

Aircraft Weight & Balance Stu-
dents: Mary Allen-Chambers, 
Marvin Avila, Gerald (Jerry) 

Book, Laurence (Jeff) Falwell, 
James Flannigan, Eric Larson, 
Ron Peterson, Richard (Rick) 
Portillo, John Redman, Kevin 

Tharp, Petra Tripp. Stuart 
Pudenz from General Electro-
dynamics Corporation (GEC) 
provided scales shown in the 

foreground.

Tom Oole instructed the Aircraft Weight & Balance course on Tuesday and Wednesday, 23-24 February. Eleven 
students from all around the country attended. The Texas State Technical College (TSTC) facilities were outstanding 
and provided gratis due to the relationship between L3 Communications in Waco and the college. We graciously 
appreciate GEC located in Arlington, Texas, for providing the scales used the second day in the aircraft weighing 
exercise, as well as Texas State Technical College for providing the classroom facilities and the aircraft and hangar 
we used for the hands on portion of the class.
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AWBS Students: Mary Allen-Cham-
bers, Eric Andreassen, Marvin Avila, 
Travis Dougherty, James Flannigan, 

Nicholas Hartman, John Johnston, Lori 
Kleine, David Harold Lentz, Nick Pahis, 
Tyler Peterson, Stephen Thomas, Petra 
Tripp, Valentin Velasquez, Larry Waltz, 

Joshua Yakich. Errol Oguzhan at-
tended the Friday class as Deputy Vice 

President of Training.

Harold Smoot instructed the Automated Weight and Balance System course on Thursday and Friday, 25-26 Febru-
ary. This course was very well attended by military and civilian students with 10 of 16 from L3 Communications in 
Waco and Greenville. Harold incorporated additional training in Form F process and generation to turn our usual 
8-hour course into an excellent 12-hour course. Once again, the facilities at the Col. James T. Connally Aerospace 
Center at TSTC proved very comfortable for the students and instructors.

Special thanks to Jerry Pierson and Errol Oguzhan for the planning, accounting, and facilities preparation and to 
Ron Fox, Andy Brooks, and Aaron Wheeler for their assistance with internet, registration, and finance. We espe-
cially wish to thank all who attended for making this a very successful endeavor, which we may look to continue in 
coming years.

Last month, the SAWE Texas Chapter supported the Fort Worth Regional Science Fair held at the University of 
Texas at Arlington on Friday through Monday, 19-22 February, with judging held on Monday, 22 February, the first 
Monday of Engineer’s Week. Ted Dull and Andy Brooks represented the Texas Chapter. The Texas Chapter has 
been a longtime supporter of the science fair and awards special awards at the senior and junior high levels. This 
year’s winners included experiments in rocket propulsion and weight distribution of paper airplanes.
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Additionally, members of the Texas Chapter supported the SAE 2016 Aero Design East student competition in March 
as judges. The SAE Aero Design is a design/build/fly student event for designing micro, regular, and advanced air-
craft carrying the maximum payload weight with the lightest aircraft. Seventy-five university teams from around the 
world participated in the event this year. Ted Dull, Alex Danklefsen, Larry Linner, and Andy Brooks participated in 
the event helping to weigh payloads and aircraft in the competition. The next Aero Design event, Aero Design West, 
was held in Van Nuys, California, on 22-24 April 2016.

Director Jerry Pierson continues his tenure as VP Training. President Errol Oguzhan continues as Deputy VP Train-
ing Onsite. Andy Brooks is continuing his tenure as VP Internet Operations.

Jerry Pierson
Director, SAWE Texas Chapter
jerrylpierson@aol.com
(817) 905-8575

Wichita Chapter

The Wichita Chapter would like to recognize its newly 
elected officers for the 2016-2017 year:

 President ................Mark Ingalls
 Vice President .... Victor Graham
 Secretary .................Ryan Noble
 Treasurer .................Doug Cekal
 Director .............Edward Chrisco

The Wichita Chapter has been active. We had our annual 
picnic. The kids made and launched dumb dumb rockets 
and went fishing. Lots of food to enjoy. It was a beautiful 
day and fun was had by all. 

We had several chapter meetings, but the one that stands 
out the most was one with a presentation about Doc.  
Doc is a B-29 Superfortress and one of 1,644 manufac-
tured in Wichita during World War II. Doc was rescued 
from destruction and is being restored by a non-profit 
group called Doc’s Friends, right here in Wichita. Doc is 
an incredible story of a group of people working together 
with a common vision and taking a bit of abandoned and 
forgotten history and restoring it to its intended glory. Doc 
is nearing flying status and is planned to be based at the 
Wichita Dwight D. Eisenhower National Airport. I cannot 
wait to see Doc fly! What a fantastic testament to the 
men and women in my hometown, Wichita.
 
Edward Chrisco
Director, Wichita Chapter SAWE
(316) 946-7794

The Following Had No Report Submitted:

Arizona Chapter
Boston Chapter

Gulfcoast Chapter
Kittyhawk Chapter

Philadelphia Chapter
Seattle Chapter

United Kingdom Chapter
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Mass Properties Measurement Instruments since 1959 
 
CG, MOI, and POI Measurement 
 
POI instruments are complete mass properties measurement systems.  
They measure CG, MOI, POI and provide dynamic balancing of payloads 
from 0.25 lb to over 20,000 lb.  Main applications are measurements of 
spacecrafts and missiles. 
 
 
CG and MOI Measurement 
 
KSR instruments are combined mass properties instruments that 
measure both moment of inertia and center of gravity.  We achieve 
accuracies of less than 0.1% on MOI and 50 µm on CG on payloads 
ranging from 0.25 lb to over 20,000 lb.  Main applications are 
measurement of spacecrafts and missiles. 
 
 
CG instruments 
 
Space Electronics manufactures more than 25 different instruments that 
measure center of gravity only.  We have instruments for all payload 
sizes.  Applications range from automotive parts to hard-drive actuators, 
from bullets to bombs, from jet engine rotor blades to missile seekers. 
 
 
MOI instruments 
 
We make over 20 instruments that measure moment of inertia only.  Our 
instruments range from micro-instruments for payloads under 0.1 lb to 
large instruments for payloads weighing over 15,000 lb.  Applications 
range from golf club heads to ammunitions, from airfoils to aircraft 
engines. 

 
 
Other instruments 

 
 
   Gimbal Balance        Moment Weight       Gas Bearings and       Igniter Circuit         Centrifuges 
        Machines                    Scales                Space Simulators            Testers 



+1 763-476-2531 Worldwide

intercompcompany.com

Precision Meets Ease-of-Use
Aviation Weighing Solutions from UAVs to the World’s Largest Aircraft

•	 Platform & Jack Weigh Solutions 
for all Types of Aircraft

•	 RFX ™ Wireless Communication 
on All Models 

•	 Shear Beam Load Cells NIST  
Certified to 10,000 Divisions

•	 OIML Type Certified

NOW PLAYING!
Intercomp is the world’s largest manufacturer of fully-electronic aircraft weighing solutions and has been 
serving the industry for over 35 years.  Intercomp manufacturers Platform Scales and Jack Weigh Kits 
that utilize our exclusive RFX ™ Wireless Weighing Technology to weigh aircraft for most any application.

See for yourself why we are the world leader in aircraft weighing systems . . . 
go online to view our video!  www.intercompcompany.com/aviation-scales




