






















































































































































































































































































5.4.2 Steady-State Tests on Pitch and Roll

The first step tests after the pitch and roll mechanisi has been integrated and cali-
brated are steady-state tests. The pitch actuator (roll actuator) for the battery pack
is moved to various positions and the pitch (roll) attitude is measured by the incli-
nometer and recorded by the SBC and transterred to a PC.

The test results are summarized in Tables 5.3 and 5.4 below. In the pitching tests,
the sign-convention systemn is used different from the normally used because of the

signal given by the inclinometer.

Figure 5.10 and Figure 5.11 show plots about the steady-state pitching angle and

Table 5.3: Pitching Steady-State Test Results

Test Nwmber | Battery pack position (mm) | Pitching angle (deg)
1 -18.3 -0.2
2 -15.3 -3.5
3 -10.3 -1.2
4 -5.3 0.8
5 -0.2 2.4
6 5.3 3.5
7 10.3 5.0
8 15.2 6.6
9 19.7 9.1

Table 5.4: Rolling Steady-State Test Results

Test Number | Battery pack rotation (deg) | Rolling angle (deg)
1 -93.2 0.7
s -62.3 -1.2
3 -31.7 -3.5
4 -0 -7.2
) 33.1 -11.4
6 62.2 -14.9
7 91.7 -17.8







Glider Rolling Angle (deg)

Pitch and Roll Mechanism Roll Steady Test Results

i
-20 0 20 40 B0 80 100
Battery Pack Rotation Position (deg)
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-60 -40

Figure 5.11: Steady Roll Test Results
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5.4.3 Pitching Angle PID Control Tests

PID control loops for controlling the pitching angle and rolling angle of the IOT
Glider when suspended in air were developed. The pitch motor and roll inotor speed
signal are determined using a PID algorithm from the error between the set point and
current pitch angle and roll angle feedback, respectively.

The set point of the pitch angle control is 3 deg. Small pitching angle set point
was used for preventing the glider from hitting the ground in the tests. Firstly, P
control is applied, with [ gain and D gain both set as 0. Various P gain values and
saturation values of motor speed are tried. PID control is then applied with suitable
gain values. Two P control cases are shown as Figure 5.12 and 5.13. Both cases use
+600 saturation on the motor speed signal. The result in Figure 5.12 uses a P gain of
150; the pitching angle reaches the set point gradually in about 60 sec. Figure 5.13
uscs a P gain of 4500; as it is too large, the pitching angle turns out to be vibrating
around the set point.

After trials on the P coutrol, a group of PID control tests were conducted. Figure

5.14 gives an example of a successful PID coutrol case with a settling time of about
20 sec. It is obvious that the glider pitching angle reaches the set point much faster

than the P control in Figure 5.12.



009 Ol RIMILG *() urey) (1 °Q ues) [ 01 wes) J g1°G omsi

Motor Speed

Pitch Angle (Degree)

Battery Pack Pasition (mm}

Raw Pitch Angie

20 20 &0 R S
Time (s)
Raw Battery Pack Linear Position

0 20 40 €0 80 100 120
Time (s)
Raw Motor Speed

Time (<)

Pitch Angle (Degree)

Motor Speed

Battery Pack Position (mm)

Digital LPF Filtered Pitch Angle

a0

= :

80 100 120
Time (s}
Digital LPF Filtered Battery Pack Linear Position
15 — — ; - —
20 40 60 80 100 120
Time (g}
Digital LPF Filtered Motor Speed
300 T —T T T T
200 — —
100 = ——
100 Lo R L L L :
20 40 60 80 100 120
Time (s)

9.




009F TOIRINILG *( Tres) (] ‘0 wes) [ ‘00GF ues) g ¢1'g omsig

Motar Speed

Pitch Angle (Degree)

(5 ) IR = )

Battery Pack Position (mm)

(=]
em} -

1000

500

-500 ——

Raw Pitch An gle

JEﬁ?ﬁf:;uvvvvvvvfuvvvwmﬂﬂﬂﬁw

0

SD

100 150
Time (s)

Raw Battery Pack Linear Position
- - - —

/ WAA

-fvvvvvwwwwwwa IV Y

e
50

Raw Motor Speed

R RS :
100 150
Time (s)

=z:rrﬂr

Ll

L
.?mja.

I

Uity .. 0ooah

o
.

_1000 S R : B
50

100 150

Motor Speed

Battery Pack Paosition (mm)

1000

500

1000 —
i

Dgt al LPF Filtered Pitch An gle

AnAnAﬁﬂﬂﬁhﬂAﬁﬁﬂﬂﬂﬂnnnﬂﬁﬂﬁﬂnn'

.,/ J”VkUV‘VUUVUVVUJUUVUUVUVUU&

S : R S
50 100 150
Time (5)

Digital LFF Filtered Battery Pack Linear Position
T S " -

P LDy oot

50 100 150
Time (s)

Digital LPF Fiitered Motor Speed

iid*“““?ﬂ?{ggfuuy;v&ﬂ“i:?ggvuw“}

-500 ERERE

50 100 150
Time (s)

LL-




Raw Pitch Angle Digital LPF Filtered Pitch Angle

4 4 —

g 51

= S

= =

% < [

= -C1

2 £

a R B R R I R N AL Q_-D B R :
0 5 10 15 p.ul Pl 30 35 40 45 0 2% 30 35

Time (s) Time (s)
Raw Battery Pack Linear Position Digital LPF Filtered Battery Pack Linear Position

(a9
o

—_
4]

€ =
E £
= c
S 2
G - B
o N =4
al =
s | @
o5 a5
> )
=y - N B -
& 20 25 o 0 5 10 15 20 25 30 35 40 45
Time (s) Time (s)
Raw Motor Speed Digital LPF Filtered Mator Speed
— 600 —

T T L L T T

Motor Speed
[
i)

[
Motor Speed
(%)

[w)

o

W=

N N N N N J
45 0 20 25
Time (s)

009F UonRINGRG ‘)¢ men) (@ "0 mes) 1 1006 wes) J F1G omdly

3.



The effects and observations from the tests are selected and sunmmarized below.

Table 5.5: PID Pitch Control Results
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Saturation of | P Gain | I Gain | D Gain | Time Obscrvation
Motor Speed Used
200 50 0 0 150 No overshoot, 1o
vibration.
200 450 0 0 40 Overshoot, no
vibration.
400 100 0 0 130 No overshoot, no
vibration.
400 900 0 0 50 Overshoot, no
vibration.
100 3000 0 0 inf Overshoot, vibration.
600 150 0 0 60 No overshoot, no
vibration.
600 4500 0 0 inf Overshoot, vibration.
600 810 100 200 inf Unstable.
600 500 10 50 22 No overshoot, no
vibration.

The time history of the pitch angle, battery pack longitudinal position and the motor

speed sigual are plotted for all the tests. The raw data is also filtered using a simple

digital low pass filter. The plots can be found in Appendix A.




80
5.5 Calculation and Test of Mass Moments of In-
ertia

The IOT Glider was supported by two frames with ball bearings to determine the
moments of inertia about the X-axis and Y-axis.

The glider was set to a small initial pitching angle (rolling angle) and released to
perform free oscillations. The pitching angle (rolling angle) time history was recorded
by nieasurements with the inclinometer. Figure 5.15 shows the rolling angle time
history in the Iza test; Figure 5.16 shows the pitching angle time history in the ITyy
test.

The rotational motion period T was captured from the plots and the moment of

¥-axis Pendulum Test Rolling Angle Time Histary

Rollirg Angle (deg)

-ED I ] 1 i A i

Time {s)

Figure 5.15: Rolling Angle Tinie History in the lxx Test




Y-axis Pendulum Test Pitching Angle Time History

Pitching Angle (deg)

1 i ] ]

15 | I 1 i
a 10 20 30 40 50 B0 70 a0 90
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Figure 5.16: Pitching Angle Time History in the Tyy Test

inertia can be evaluated fronm the small angle penduluin theory. The derived equation

for caleulating moments of inertia is Equation 5.5

[@a
c
A

[:(Zz)zxszG (

m

where M is the total mass of the glider, as a 1.37kg ballast mass was attached in the
tail section, M = 11kg; =G is the CG position from the centre of rotation axle, which
is taken as r@G.

The estimated rotation period and the evaluated moments of inertia arc shown in

Table 5.6.




Table 5.6: Moment of Inertia Measurcment Results

Period (s) [ Moment of Inertia (kg - mn?)
About X-axis 1.7 0.016
About Y-axis 9.8 0.525

5.6 Summary

This chapter demonstrates the proper working of the pitch and roll mechanism on the
IOT Glider. Several tests were conducted, including steady-state pitch and roll tests
and pitching angle PID eontrol tests. Measurements were also applied to determine
several mass properties of the glider. Rolling angle PID control tests were not con-
ducted because they are using similar control algorithm and experimental set-up. By
now, the IOT Glider is equipped with its buoyancy engine, pitch and roll mechanism

and several on-board sensors. The vehicle is working properly and has been tested.

[t is now ready to be put underwater.




Chapter 6

Deep Tank Testing of the IOT
Glider

6.1 Introduction

The glider components have all been assembled together; the pitch and roll mechanism
is now working properly. A group of tests in water was performed next. The 10T
Glider was made to fly with various combinations of buoyancy engine actuator position
and positions of the pitch actuator for the battery pack. Then a look-up table was
made to study the effects of the two varying factors.

This chapter presents preparation work before the tests, the procedure of the tests

and results fromn the tests.
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6.2 Test Set-up and Water Tanks at MUN

6.2.1 Water Tanks at MUN

The OERC (Ocean Engincering Rescarch Centre) at MUN is equipped with several
water tanks, including a 52 m long wave tank, a 12’ x 12’ x 13’ deep water tank, a
30 x 17" x 22" open water flume, a 12" x 3’ x 1'8” trim tank and a riverbed flumne.
These facilities help with the tests of the IOT Glider in water. The tests presented in

this chapter were conducted in the tanks at MUN.

6.2.2 Leak Check

The IOT Glider is assembled from a number of sections joined together using O-ring
seals. Moreover, the end cap also contains three ports for sensors, wire, and the
air valve [15]. As a result, before putting the IOT Glider underwater, a leak test is
necessary for verifying these seals and for ensuring the vehicle is watertight.

As it has been proved that the main air leakage appears through the cable [15], a
section of cable with one of its ends sealed and blocked was used instead. Figure 6.1
shows the end cap and the sealed cable section.

All clectronic components were moved out of the glider. After assembly of the
glider’s bare hull. a vacuum pump was used to establish a 24” Hg vacuum inside. It
was then left in the bottom of a 1 m deep tank. A total of 27" Hg pressure difference
was generated between inside and outside of the glider hull. The inside pressure was
tested after several days. The results are shown in Table 6.1.

As the IOT Glider is designed for lab use only, a normal test will take place within a
few miutes; this is long enough time in the leak test to verify its sealing. As shown,
there was just 3” Hg drop of the inside vacuum in such a long duration, so we conclude

that the sealing on the IOT Glider is ready for the future underwater tests.















6.3 Procedures and Results

6.3.1 Ballasting

After assembly (remove the ballast mass during the tests in air), the IOT Glider floats
when put in water. Suitable ballast mass needs to be mounted on the glider. At the
same time, to approximately level the glider, the appropriate amount of mass put in
botli nose section and tail section is necessary. After several trials in the Trim Tank
at MUN, a 0.727 kg mass was fixed in the nose section, located at 101.6 mm aft of
the glider nose tip; a 1.510 k¢ mass was fixed in the tail section, located at 1117.6
mm aft of the glider nose tip.

The rest ballasting was accomplished by using the buoyancy engine and the pitch and

roll mechanism following the steps shown below.

1. Use the buoyancy engine actuator to make the glider neutrally buoyant when

fully submerged in the Deep Tank.

2. Move the pitch actuator for the battery pack to achieve a level-pitch attitude of

the glider while it is fully submerged.

3. Move the roll actuator for the battery pack to achieve a level-roll attitude of the

glider while it is fully submerged.

Figure 6.6 shows a photo for ballasting and trimming in the trim tank at MUN. It
was found that the buoyaucy engine in the 2.1 ¢m position makes the glider neutrally
buoyant. The battery pack in the —8 mm linear position makes the glider have a
level pitching attitude. The battery pack in the —35 degree rolling position makes
the glider level in its rolling attitude. Based on this configuration, using Equation 3.9
we call obtain the longitudinal position of the glider’s centre of gravity. It is 677 mm

aft of the glider’s nose tip. It is also concluded that the centre of buoyancy is located






6.3.2 Experiment Design and Results

Both rising tests and diving tests were conducted with different buoyancy engine
position and battery pack linear position combinations. The wings are settled in their
most forward positions in order to generate more hydrodynamic pitching moment on
the vehicle from the wings.

At the start of each diving run, the desired buoyancy engine and battery pack positions
are sct. Then the glider is held at the water surface and fully submerged. When
the water calms down, we set the glider free and let it fly. During the flights, the
glider real-time pitch attitude in deg and the depth information (pressure outside the
glider) among other data are measured and recorded by the electronic equipment and
are transmitted and shown on a desktop PC. Figure 6.7 shows a photo of one of the
diving tests.

At the start of cach rising run, the desired battery pack position is first set. Then the

Figure 6.7: A Diving Run

glider is adjusted to dive mode by retracting the buoyancy engine. Put the glider into
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water and settle it down at the bottom of the tank using the cable. After the glider is
set at the bottom of the tank, set the buoyancy eugine to the desired position. Then
the vehicle begins to rise. Figure 6.8 shows a photo of one of the rising tests.

The buoyancy engine position is varied by —1 em, —0.5 c¢m, 0.5 ¢m, and 1 cm

Figure 6.8: A Rising Run

with regard to its neutral position 2.1 ¢m; the battery pack position is varied by —8
mm, 0 mm, 8 mm, and 16 mm with regard to its neutral position —8 mm. Note
that positive numbers mean forward movements of both the buoyancy engine and
the battery pack. Using Equations 3.7, 3.8, and 3.9, the buoyancy-gravity difference,
longitudinal centre of gravity, and longitudinal centre of buoyancy can be evaluated
for each combination. These paraineters for all the tests are sumimarized in Table 6.2,
6.3, and 6.4.

In cach diving (rising) run, the glider pitching angle keeps increasing (decreasing)
at the start; then it turns stable, which demonstrates the reaching of the steady state
in the glider’s typical motion[1].

The barometric pressure time history can be turned iuto depth information using



Table 6.2: Buoyancy-Gravity Difference (W-B) Status for the Tests (unit: V)

Buoyancy Engine Position (cm)

Rising Diving

1 0.5 -0.5 -1
Battery | 16 -0.3532 -0.1766 0.1766 0.3532
Pack 8 -0.3532 -0.1766 0.1766 0.3532
Position | 0 -0.3532 -0.1766 0.1766 0.3532
(mm) | -8 -0.3532 -0.1766 0.1766 0.3532

Table 6.3: xG Status for the Tests (aft of the glider’s nose tip; unit: m)

Buoyancy Engine Position (cm)

Rising Diving

1 0.5 -5 -1
Battery | 16 0.6757 0.676u 0.6760 0.6769
Pack 8 0.6761 0.6764 0.6770 0.6773
Position | 0 0.6764 0.6767 0.6773 0.6776
(nun) | -8 0.6767 0.6770 0.6776 0.6779

Table 6.4: xB Status for the Tests (aft of the glider’s nose tip; unit: m)

Buoyancy Engine Position (cm)

Rising Diving

1 0.5 -0.5 -1
Battery | 16 0.6756 0.6763 0.6777 0.6784
Pack 8 0.6756 0.6763 0.6777 0.6784
Position | 0 0.6756 0.6763 0.6777 0.6784
(mm) | -8 0.6756 0.6763 0.6777 0.6784
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Equation 2.6. The pressure in open air is also measured using the same sensor to
eliminate error; it is typically Py = 101.6k Pa. Then the time histories of the pitching
angle and depth are plotted. Two example cases are shown in Figures 6.9 and 6.10.
Figure 6.9 shows a rising case and Figure 6.10 shows a diving case.

The experiment design and results are summarized in Tables 6.5 and 6.6.

Depth Time Histary

Depth (m)

Time (s)

Pitch Angle Time Histary

Pitching Angle (deg)

Figure 6.9: Buoyancy Engine 0.5 ¢m, Battery Pack —8 mm, Rising

From the test results we can see that the IOT Glider has a motion pattern similar
to the SLOCUM glider. It will pitch into a steady state in about 10 seconds. Two of

the main features of its steady state, depth rate and pitching angle, are dependent on



Depth Time History

60

Time (s)

Pitch Angle Time History

Pitching Angle (deg)

Figure 6.10: Buoyancy Engine —1 c¢m, Battery Pack 0 mm, Diving

Table 6.5: Rate of Asceut or Descent Results from the Tests (unit: m/s)

Buoyancy Engine Position (cm)

Rising Diving

0.5 -0.5 -1
Battery | 16 -0.055 -0.05 0.167 0.341
Pack 8 -0.073 -0.057 0.25 0.326
Position | 0 -0.115 -0.055 0.16 0.27
(mm) | -8 -0.225 -0.13 0.072 0.15
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Table 6.6: Pitching Angle Results from the Tests (unit: deg)

Buoyancy Engine Position (cm)
Rising Diving
1 0.5 —0.5 -1
Battery | 16 -10 -6 55 63.25
Pack 3 -17.5 -13 95.37 59
Position | 0 -31 -20 56 o4
fmm) | -8 -38 -16.7 32 53

both the buovancy engine position and the battery pack position.
A\ y

6.3.3 Steady State Results From Numerical Model

To make a comparison with the steady state experimental data from the IOT Glider
water tank tests, numerical results are obtained from a simplified version of the sim-
ulation model described in Chapter Three and Founr.

As seen from test results; in the steady states of the [OT Glider, the turning rates of
the vehicle in all three directions are zero and the velocity of the vehicle is constant.
As a result, in the steady state the added mass terms are making no contributions
to its motion any more. In addition, as no rolling motion is involved in the tests,
the motion is reduced to only three degrees of freedon, surge, heave and piteh. The

motion equations arc siniplified to he:

Xus(w _piston,a batt, 8) + Xwig(Va, ) + Xgar(Va, o) =0
Zus(x_piston,x_batt,0) + Zwing(Va, ) + Zun(Va, o) = 0 (6.1)

Mpyg(x_ piston,x_batt,0) + My ing(Va, ) + Myu(Va.a) =0

where HS means hydrostatic forces which can be evaluated from 3.13, Wing means

hydrodynamic drag and lift forces on the wings and Hull means hydrodynamic drag
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and lift forces on the bare hull. V, is the total velocity of the IOT Glider, « is the
angle of attack of the IOT Glider, € is the pitching angle of the IOT Glider. Ouly
the X and Z directions forces and the pitching moment in the body-fixed frame are
involved.

The equation system has three unknown variables, V4, «, 8, which can fully define the
moving status of the vehicle in its steady state. x piston and x__batt are the initial

input variables. Using ‘fsolve’ function in MATLAD, the cquation system can be
solved. The evaluation of the hydrostatic and hydrodynamic forces and moments can
be referred to Chapter 3 and Chapter 4 for details. The MATLAB scripts for solving
the steady state variables can be found in Appendix F. The two input variables are

varied as same as in the water tank test designn. The results are sunnmarized in the

following tables.

Table 6.7: Rate of Ascent or Descent Results from Numerical Model (unit: m/s)

Buoyancy Engine Position (cm)
Rising Diving
0.5 -0.5 -1
Battery | 16 -0.1449 -0.0483 0.1743 0.3447
Pack 8 -0.2093 -0.0622 0.1331 N NAR
Position | 0 -0.2646 -0.0867 0.0855 V. 20U
(mm) | -8 -0.3106 -0.1341 0.0619 0.2038

Table 6.8: Pitching Angle Results from Numerical Model (unit: deg)

Buoyancy Engine Position (cni)
Rising Diving
0.5 —-0.5 -1
Battery | 16 -24.1 -8.6 36.4 48.4
Pack 8 -31.9 -14.7 29.4 43.6
Position | 0 -38.5 -21.4 21.2 38
(mm) | -8 -44.1 -29.6 14.5 31.3




98

From the prediction results and the experimental results, a comparison is available.

Figures 6.11, 6.12, 6.13 and 6.14 show the comparison between prediction from the

model and the result from the water tank tests. Clearly the water tank test results

confirm the trend in the predictions. Although most results are well predicted from
nunerical model, the agreement between the figures is not perfect. It might be ex-
plained by the effects from the existence of the communication cable during the water
tests. The communication cable is not included in the numerical simulation model.
However, the cable still has inertia and will involve added mass and hydrodynamic
drag forces during the motion of the IOT Glider, even if foam blocks have been at-
tached to make it neutrally buoyant. The comparison gives coufidence on hoth the
numerical model and the water tests. It also stimulates future improvement of the
water tank tests. Future experiments should eliminate the communication cable by

allowing the IOT Glider be pre-programmed to dive and rise autonomously.
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Figure 6.11: The Pitching Angle Results from Simulation









Chapter 7

Conclusions

The design and assembly of the lab-scale underwater glider, the IOT Glider has been
completed. The pitch and roll mechanism design has been rechecked and realized.
The wing and wing mount design allows the wing position to be adjustable. The
nose section and tail section shapes make the IOT Glider torpedo-shaped. Software
development for the glider has been accomplished. Equipped with various sensors on
board, the IOT Glider is able to dive and rise underwater and is capable of active pitch
and roll control. Tests of the glider pitch and roll mechanism has been conducted.
The mechanism is working properly. Some mass properties of the glider have been
measured by testing the glider in air. PID control has been conducted for pitching
angle control in air. Testing in water has been conducted varying the buoyancy cugine
position and battery pack longitudinal position.

From the tests in air and the tests underwater, it was found that the IOT Glider
is sufficient for a research platform. From the water tests we found that during the
motions of this glider, its rate of ascent and desceunt and pitching angle are dependent
on both its buoyancy engine position and battery pack position.

To study the hydrodynamic performance of the glider, CFD analysis has been con-
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5-hole or 7-hole probe for measuring the instantaneous angle of attack (AOA).
Calibrate this AOA sensor. Perform dives and turns and mecasure the instanta-

neous AOA.

Upgrade the 6-DOF simulation code to include the results from the tests. De-
sign some specific manoeuvres for the glider which will enhance the presence
of certain hydrodynamic coefficients. Perform those experiments and compare
the values of the experimentally-determined hydrodynamic coefficients with the

value predicted by the CFD process, analytical and other methods.
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Appendix B

Deep Water Tank Test Plots
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8]



Depth Time History

Pitch Angle Time History
10 T T T T T

—_
[}

Pitehing Angle {deg)

30
-40
50 i | L | i
5 10 15 20 25 0
Time (s)

Figure B.3: Buoyancy Engine 1 em, Battery Pack 16 mm, Rising
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Figure B.4: Buoyancy Engine 1 ¢m, Battery Pack —8 mm, Rising
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Figure B.5: Buoyancy Engine 0.5 ¢m, Battery Pack 0 mn, Rising
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Figure B.8: Buoyancy Engiue 0.5 ¢m, Battery Pack —8 mm, Rising
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Figure B.10: Buoyancy Engine —1 e¢m, Battery Pack 8 mm, Diving
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Figure B.11: Buoyancy Engine —1 ¢m, Battery Pack 16 mm, Diving
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Figure B.12: Buoyaucy Engine —1 em, Battery Pack —8 man, Diving
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Figure B.14: Buoyancy Engine —0.5 cm, Battery Pack 8 mm, Diving
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Uuse= E8 OEM Optical Kit Encoder
DIGITAL Page 10f8

The E8P optical incrementai kit encoder is esigned for high volume, low cast, ;
mid-resolutich OEM motion control appiications. The E8P is small enough for a §
NEMA Size 11 stepper motor. Tre E8P uses a single 5V supply and offers two ;
TTL quadrature outputs. Single-ended or differential output options are availabie.
A single chip reflective encoder module incorporates an LED. monalithic detector
and molded lenses. The phased array technology accepts far wider mechanical
tolerance and misalignment than traditional aperture type encoders. The E8P
uses an innovative, patent pending, push-on codewheel that provides extrenmely
secure and accurate, yet easy installation without setscrews.

The E8P provides mounting holes for two #4-40, length .250" screws or t«0 {
M2 5x.45mm. length 6mm screws on a 0.75" diameter holt circle. 'When i
mounting holes are not available. an option with a transfer adhesive pre-applied “
o the base is available. A centering tool is provided to center the hase to the
motor shaft during instaltation. The codewheel pushes on by hand using a ————
spacer tool to set the gap in one step. The cover snaps on o ccmplete the
assembly in seconds.

Features

+ Subminiature size, easy installation

The singie-ended output version has a 4-pin high retention polanzed connector + Single-ended or differential output option
and is designed to dfive cables up to six feet long. For longer cable iengths, the + A and B quadrature TTL outputs
differential output version (6-pin connector) is recommended to nxaximize noise + Fits shatt diameters from 0.118" (3mmy to
immunity. The intemal 26C31 differential line driver can source and sink 20 mA 0.276" (Tmm) i

at TTL levels. The recommended recewer 1s industry standard 26C32. Maximum + Accepts +- 0.020" axial shaft piay

noise immunity is achieved when the differential receiver is terminated with a 110 + Off-axis mounting tolerance of 0.010"

(Y resistor in seres with a .0047 [ F capacitor placed across each differential » Count frequency from DC to 60 kHz

pair. The capacitor simply conserves power. Otherwise power consumption + 180 to 512 cycles per rev (CPR}

would increase by approximately 20 mA per pair, or 40 mA for 2 pairs. + 720 to 2048 quadrature states per rev.

+ Singie +5Y supply

 Mechanical Drawing

yse= 1400 NE 136th Avenue info@usdigital.com Local: 360.260.2468

DIGITAL Vancouver, Washington 98684, USA waww.usdigital.com Toll-free; 800.736.0194
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SCA121T Series

ELECTRICAL CONNECTION

SCA121T series

Wire color Name Function
Blug GND Ground
Red Vee Power supply
Yellow Qut X X-axis output
Green OutyY Y-axis output
White Not connected

MECHANICAL SPECIFICATION MOUNTING

Cable length: ggg oot ]313 ir:] The sensor module is to be mounted on a flat and smooth surface
Total weight: Approx. 60 grams with 2 screws, dimension M4. Mounting torque 5 +1Nm.
Protection ctass: P66

Housing: Zinc casting with passivation

SENSOR DIMENSIONS

Dimensions in mm.

29

Figure 2,

‘%
= XY
o Y

VOLTAGE TO ANGLE CONVERSION

Inclination angle = arc sin (

Vout - Offset)

Sensitivity
where:
Vout = analog output [V}
Offset = 2.5 V, output at 02 inclination position

Sensitivity = sensitivity of device (V/q]

VTl Technologles Oy
Myllynkivenkuia 6
P.0. Box 27

F1-01621 Vantaa

Finland
Tel, +358 9 879181
9 87918791

VT Technologies Oy
Frankfurt Branch
Rennbahnstr, 7274
-60528 frankfurt am Main
Germany

Tel. +49 69 6786 880

Fax +49 69 6786 8829
sales.ded@vtifi

VTI Technologies, Inc.
One Park Lane Blvd.

Suite 804 - East Tower
Dearborn, M| 48126

USA

Tel, +1 313 425 0850

Fax +1313 425 0860
sales@vtitechnologies.com

VTl

TECHNOLOGIES
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#define PitchMotorGAIN  3.840FE-5 // mm/EncoderStep

#define RollMotorGAIN  0.0075 // degree/EncoderStep
#define PitchMotorSpeed 200 // ROR, ROL max spced
#define RollMotorSpeed 40 // ROR, ROL max spced

/++x EndHeader */

/**% FUNCTION PROTOTYPES & DESCRIPTIONS sk ok ook sk ok s skok ok ok ok ok ok ook k0% /

/**x BeginHeader sctupServialPortC =/

void sectupScerialPortC (void);

/**xx EndHeader =/

/% START FUNCTION DESCRIPTION sk s ok sk sk ok sk ok sk ko ok ok ok ook KOk o ok ook Kk

setupSerialPortC <TCMCcommunication . LIB>

SYNTAX: void sctupScrialPortC(void);

DESCRIPTION: Sets up scrial port C. Opens scrial port C
at 9600 baud with no flow control. Allows
communication with TCMC303.

Defines both CINBUFSIZE and COUTBUFSIZE
to be 255 characters.

PARAMETER:  None.

RETURN VALUE: None.

KEY WORIX: open, PortC, baud

END DESCRIPTION sk sk s sk sk ok ok ok ok ok ok ok ok ok o ok ook ook 4k K oK 3 Kok ok ok ok KOk Kok k% ok

void sctupSecrialPortC{void) {

serCopen (9600); // open serial port C, baud rate 9600 bps
serCwrFlush (), // flush scrial port C transmit buffer
serCrdFlush ();  // flush scrial port C input buffer
serMode (0): // port C sct up as RS-232, 3 wire
//communication port

}

/xxx Beginlleader msDelay x/

void msDelay (unsigned int delay ),

/*** EndHcader =/

/% START FUNCTION DISSCRIPTION sk s sk ok ok sk ok o ok o ok e 40k 4 40k % Kk kK

msDelay <TCMCcommunication . LIB>

SYNTAX: void msDelay (unsigned int delay);

DESCRIPTION: delay for # of ms

PARAMETER:  delay — # of s

RETURN VALUE: none.

KEY WORIX: delay ., ms

END DESCRIPTION oK R K oK K KK o o K K ok R o KK R Kk ok ok kR koK K Kok ok




nodebug

void msDelay (unsigned int delay)
{
auto unsigned long donc  time;
done time = MS _TIMER + delay;
while ( (tong) (MS TIMER — donc _time) < 0 ):
}
/#%x BeginHeader serCgets «/
charx serCgets{charx buffer);
/**x EndHeader =/
/* START FUNCTION DESCRIPTION ok o or ok ok s ko ok ok 4 % %k ok ok ok
serCgots <TCMCcommunication . LIB>
SYNTAX: charx serCgets(chars buffer);
DESCRIPTION: Reads in a string of characters from
serial port C into s=bhuffer
PARAMEIER: *buffer — Pointer to a character buffer
RETURN VALUE: Last string transmitted to Serial Port C.
KEY WORI®S: string , PortC
END DESCRIPTTION ko sk ok koo ook ok ok ok ok ok ok o K ok ok ok ook koK ok ok ok ok o ok ok ok ok ok ok % /)
chars serCgets(charx buffer) {

int i, temp;

// Get the data string that was transmitted to scrial port C

i = 0;
while ((temp = serCgetc()) '= —1) {
// Copy only valid RCV’d characters to the buffer
buffer [i++] = temp; }
return (buffer);

}

/x*xx BeginHeader serCdone /

int serCdonce{void);

/*xx EndHeader */

/* START FUNCITON DESCRIPTION ok s s s o s kok o ok 40k 40k 5 ok 4 ok % %

serCdone <TCMCcommunication . LIB>

SYNTAX: int serCdonc(void);

DESCRIPTION: Checks 1o sece that serial port C is
finished transmitting all the data
sent Lo it by checking if the write
bulfer is cmpty and the serial holding

and shift registers are empty.



PARAMEIER: Nonce.
RETURN VALUE: 1 if the port has finished transmitting.

0 if the port hasn’t finished transmitting.
P g

KEY WORIS: transmitted , PortC
END DESCRIPTION s s sk sk s sk ok 0ok 5 5 % ok o okok ok ok ook ok 6 ok kok o ok ok ok [
int serCdonc(void) {

unsigned int bufused . wrstatus;

// Wait for memory data buffer, scrial holding register

// » and shift register all to become empty
bufused = serCwrUsed ();
wrstatus = RdPortl (SCSR)&0x0C;
if ((!bufused) && (!wrstatus)) {
return (1},
}oelse |

return (0);

}

/+*x*x BeginHeader InitTMCM #/

void InitTMCM( void);

/**x EndHeader /

/x START FUNCTION DESCRIPTION ok s s oo ook % o ook k% ok ok ok %

Init’ I’NCM <TMCMcommunication . LIB>

void InitTMCM(void ):

DESCRIPTION : Initialize the TOMC 1Cs, sct
parameters for glider usc.

PARAMETTR:

RETURN VALUE:

KEY WORDS: Initialization , TOMC

FND DESCRIPTTION ek e ko o ook ok 4 okt or ko ok ok o 4ok %k bk ok ko ok ok [

void InitTMCM( void)

{

SAP(ActualPosition ,0,0):

SAP(ActualPosition ,1,0);:

SAP(AMaxSpeed 0, PitchMotorSpeed );

SAP(MaxSpeed , 1, RoliNotorSpeed );

SAP(MaxAcce ,0,2500);

SAP(MaxAcce,1,250);

SAP{MaxCurrent ,0,500);

SAP(MaxCurrent , 1 ,800);



SAP({StandCurrent ,0.200);

SAP(StandCurrent , 1 ,300);

SAP( Microstep ,0,6);

SAP( Microstep .1 ,6);

(
SAP(EuncoderPosition ,0,0);
(

SAP( EncoderPosition ;1,0);

}

/+¥x BeginHcader ROR */

char ROR(char Motor,

/*+x EndHeader x/

long Spced);

/* START FUNCTION DESCRIPTION % ok %k ok ks ok % % ok ok ok okok ok 5 %k

ROR

SYNTAX: char

DESCRIPTION:
PARAMETER:

RETURN VALUE

KEY WORIX:

END DESCRIPTION sk oo sk sk sk s ok ok ok ok ok okok ok kok ok ok ko ok ok ok ok ok ok ok /)

char ROR(char Motor,

{

char

<TMCMcommunication . LIB>

ROR(char MNotor, int

Speed);

Rotate Right.
Motor — motor number, 0,1,2.
Speed — Velocity , 0..2047

¢ Status number if checksum

(100 — ok)

0 if checksum wrong

rotate , right

TxBuffer [9];

char RxBuffer [9]:

char

i . Checksum;

TxBuffer[0]=0x01:

TxBuffer[1]=0x01;

TxBuffer [2]=0x00;

TxBuffer [3]= Motor;

TxBuffer
TxBuffer
TxBuffer [6]= Speed
TxBuffer [7]= Speed

TxBufter [8]=0;

for (

//Now, scnd

for (i=0;

P=0; i<8: it+4)

[
[5]=Spced >> 16;
(

long Speed)

4]=Speed >> 24

>> 8
& Oxff;

TxBuffer [8]+=TxBuffer [i];

the 9 bytes stored

1< i4+)

in

TxBuffer

to

correct,

the

module

1

3



serCpute (TxBuffer[i]);
msDelay (50);
serCgets ( RxBuffer ):
Checksum=0;
for (1=0; i<8; i++)
Checksum+=RxBuffer [i];
if (Checksum!=RxBuffer [8])
return U;
else
return (RxBuffer [2]):
}
/#*+ BeginHeader ROL */
char ROL(char Motor, long Speed);
/**x EndHeader =*/
/* START FUNCTION DESCRIPTION s % ko ok & kokok ok kokokok ok k ok
ROL < TMCMcommunication . LIB>

SYNTAX: char ROL{char Motor, int Speed);

DESCRIPTION: Rotate Left.
PARAMETER:  Motor — motor number, 0,1,2.
Speed — Velocity, 0..2047

RETURN VALUE: Status number if checksum correct.
(100 — ok)

0 if checksum wrong

KEY WORIX%: rotate , right
END DESCRIPTTON ok sk ok sk ok % ok 0K ok % K K K ok 0k kK KoK % kR KKk ok % [
char ROL({(char Motor, long Spced)
{
char TxBuffer [9];
char RxBuffer [9]:
char i, Checksum;
TxBuffer [0]=0x01;
TxBuffer[1]=0x02;
TxBuffer{2]=0x00;
TxBuffer [3]= Motor;
TxBuffer [4]=S8Speed >> 24;

4



TxBuffer[5]=S8peed >> 16:
TxBuffer [6]=Speed >> 8;
TxBuffer [7]=Spced & Oxff;
TxBuffer [8]=0;
for(i=0; i<8; i++)
TxBuffer[8]+="TxBuffer {i];
//Now, send the 9 bytes stored in TxBuffer to the module
for (i=0:i<9; i++)
serCpute ( TxBuffer [i]):
msDelay (50);
serCgets ( RxBuffer);
Checksum=0;
for (i=0; i <8 i++4)
Checksum+=R xBuffer [ i)
if (Checksum!=RxBuffer [8])
return 0
clse
return ( RxBuffer [2]):
}
/x+x Beginllcader MST x/
char MST(char Motor);
/*+x EndHeader «/
/% START FUNCTION DISCRIPTHON ok sk ok s ok sk okok ok ok ok ok ok ok %%
MST <TMCMcommunication . LIB>
SYNTAX: char MST(char Motor);
DESCRIPTION : Motor stop.
PARAMETER: Motor — motor number, 0,1,2.
RETURN VALUE: Status number if checksum corrvect.
(100 ~ ok)
0 if checksum wrong
KEY WORDS: motot , stop
END DESCRIPTION ok ok ook okok sk ok ok ok ok ok ok ok ok kK ko &k ok o ok ok ok ok %/
char MST{char Motor)
{
char TxBuffer [9];
char RxBuffer [9]:
char 1, Checksum:
TxBuffer [0]=0x01;
TxBuffer[1]=0x03;



TxBuffer[2]=0x00;
TxBuffer [3]= Motor;
TxBuffer [4]=0x00;
TxBuffer [5]=0x00;
TxBuffer [6]=0x00;
TxBuffer [7]=0x00:
TxBuffer [8]=0;
for(i=0; 1<8; i++)
TxBuffer[8]+=TxBuffer [i];
//Now, send the 9 bytes stored in TxBuffer to the module
for (i=05i<9; i++)
serCpute (TxBuffer [i]);
msDelay (50);
serCgets ( RxBuffer ),
Checksum=0;
For (i=0; i<8 i++)
Checksum+=RxBuffer[i];
if (Checksum!=RxBuffer [8])
return (G
clse
return { RxBuffer [2]);
}
/#**x BeginHeader MVP =/
char MVP(char Type, char Motor, long Value);
/*xx EndHeader «/
/* START FUNCTION DIESCRIPTION s ok ok sk ok 5ok o 540k % ok ok %k
NVP <TMCMcommunication . LIB>
SYNTAX: char MVP(char Type, char MNotor, int Value);
DESCRIPTION : Move to position.

PARANMETER:  Type — operation types, 0 — absolute |

1 - relative
Motor — motor number, 0,1 ,2.
Value — Position or offset.

RETURN VALUE:  Status number if checksum corrvect.
(100 — ok)
0 if checksum wrong

KEY WORIS: move ., motor, position

END DESCRIPTTION ok oo s o o ook ook kok ook o ok o ok ko ok ox ok ok [

char MVP(char Type, char Motor, long Value)

6



char TxBuffer [9]:

char RxBuffer {9];
char i, Checksum;
TxBuffer [0]=0x01;
TxBuffer[1]=0x04;
TxBuffer [2]=Typec;
TxBuffer[3]=Motor;
TxBuffer [4]=Value >> 24:
TxBuffer [5]=Value >> 16:
TxBuffer [6]=Value >> &;
TxBuffer [7]=Value & 0x(f;
TxBuffer [8]=0;
for (i=0; i<8 it+)
TxBuffer[8]+=TxBuffer [i]:
//Now, send the 9 bytes stored in TxBuffer to the module
for (i=0;i<9; i++)
serCpute (TxBuffer{i]);
msDelay (50):
serCgets ( RxBuffer);
Checksum=0;
for(i=0; i<8; i++)
Checksum+=RxBuffer [i];
if (Checksum!=RxBuffer [8])
return 0;
clse
return ( RxBufter [2]);
}
/*x+x Beginlleader SAP */
long SAP(char Paramter., char Motor, long Valuc);
/#++ EndHcader */
/* START FUNCTION DESCRIPTION sk ok ok ok sk ok ok ok 40k
SAP <TMCMeommunication . LIB>
SYNTAX: char SAP{char Paramecter, char Motor, int Value);
DESCRIPTION: Sct axis parameter.
PARAMETER:  Parameter — Parameter number
Motor — motor number, 0,1,2,
Value — parameter value.

RETURN VALUE: paramcter valuce



0 if checksum wrong

KEY WORDS: set , parameter

END DESCRIPTION ***********************************/

long SAP(char Paramcter, char Motor,
{
char TxBuffer{[9];
char RxBuffer [9]:
char i, Checksum;
long vd, v, v6, r7;
TxBuffer [0]=0x01;
TxBuffer[1]=0x05;
TxBuffer[2]=Paramcter;
TxBuffer[3]=Motor;
TxBuffer [4]=Value >> 24;
TxBuffer [5]=Value >> 16;
TxBuffer [6]=Value >> 8;
TxBuffer [7]=Value & 0xff:
TxBuffer [8]=0;

for (i=0; 1<8; i++)

long Value)

TxBuffer[8]+=TxBuffer[i];

//Now, send the 9 bytes stored in TxBuffer to the

for (i=0;i<9; i++)
serCputc{ TxBuffer [i]);

msDelay (50);

serCgets ( RxBuffer ),

Checksum=0;

for(i=0; i <8, i+-+)

Checksum+=RxBuffer [i];

r4d=(long) RxBuffer [4];
r5=(long)RxBuffer [5];
r6=(long) RxBuffer [6];
r7=(long) RxBuffer [7];
if (Checksum!=RxBuffer (8])
return 0
clse
return ((rd << 24) | (r5 << 16)
}
/*+x BeginHeader GAP «/

long GAP(char Paramter, char Motor);

(r6 << 8)

module

8
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/x#+x EndHeader */
/* START FUNCTION DESCRIPTION sk ook ok hk koo
GAP <TMCMcommunication. LIB>
SYNTAX: int GAP{char Paramcter, char Motor);
DESCRIPTION: Get axis parameter.
PARAMETER:  Parameter — Parameter number
Motor — motor number, 0,1,2.
Value — parameter value.
RETURN VALUE: parameter value
0 if checksumm wrong
KEY WORIDS: get, parameter
END DESCRIPTION skt ok ok skt sk okox sk ok ok sk sk %0k ok ok o ok skokok ok /
long GAP(char Paramcter, char Motor)
{
char TxBuffer [9]:
char RxBuffer [9];
char i, Checksum;

-

long Value, vd, rd, rG, r

75
TxBuffer[0]=0x01;
TxBuffer [1]=0x06;
TxBuffer[2]=Paramecter;
TxBuffer[3]=Motor;
TxBuffer[1]=0x00;
TxBuffer[5]=0x00;
TxBuffer[6]=0x00;
TxBuffer [7]=0x00;
TxBuffer {8]=0;
for (i=0; <8, i+4)
TxBuffer[8]+=TxBuffer {i];
//Now. send the 9 bytes stored in TxBuffer to the module
for (i=0:i<9; i++)
serCpute{ TxBuffer[i]);
msDelay (50);
serCgets ( RxBuffer )
Checksum=10;
for (i=0; i<8 i++)
Checksum+=RxBuffer [i]:
ri=(long ) RxBuffer [4];
r5=(long) RxBuffer [5];




r6=(long)RxBuflfer [6];

r7=(long ) RxBuffer [T];
if (Checksum!=RxBuffer [8])
return 0;
else
Value=(r4 << 24) | (rd << 16) | (r6 << 8) | rT:
return {Value );
}
/*%» BeginHeader readRMAngle =/
float readRMAngle(void);
/*xx EndHeader */
/* START FUNCTION DESCRIPTTON ootk sokokox ook ok o o
readRMAngle < TMCMcommunication . LIB>
SYNTAX: float readRMAngle(void);
DESCRIPTION : Read roll motor rotation angle,
determined by encoder position.
PARAMETER: N/A
RETURN VALUE: Current rotation angle of the roll motor, in
KEY WORIDXS: Angle position ,roll motor
END DESCRIPTTION ok sk sk o sk sk ook ok sk ok s ok ok % ko okok b okok o/
float readRMAngle (void)
{
long currentRecading;
float gain;
currentReading = GAP(EncoderPosition , RollMotor )
gain=RolIMotorGAIN;
return (currentReadingxgain);
}
/*x*x% Beginlleader readPNTPos #/
float readPMPos(void):
/xxx EndHeader */
/* START FUNCTION DIESCRIPTTON sk o sk ok o ok ok sk ok o o 4 ok ok % ok
readPMPos < TMCMcommunication . LIB>
SYNTAX: float rcadPMPos(void);
DESCRIPTION : Read pitch motor position,
determmined by cncoder position.
PARAMETER: N/A
RETURN VALUE: Current position of the pitch motor . in um

KEY WORDS: position ,pitch motor

degree



END DESCRITTTON ok ok ok 4 ok sk % %ok ok 5 ok bk 4k ok Aok kok [

float readPMPos(void)
{
long currentRceading;
float gain;
currentReading = GAP(EncoderPosition , PitchMotor);
gain=PitchMotorGAIN;
return {currentReading*gain):
}
/*»x BeginHcader MITP x/
float NMIP{char Motor, float Pos):
/**x EndHeader =/
/* START FUNCTION DESCRIPTTON sk ok stk sk ok sk ko kok %
MIT <TMCMcommunication . LIB>

SYNTAX: char M{P(char Motor, int Value);

DESCRIPTION: Move to position , feedback by encoder.

PARAMETER:  Motor — motor number, 0,1,2.
Pos — Target Position, in mn(motor 0)
or degree(motor 1).

RETURN VALUE: Current position
KEY WORIS: move, motor, position
END DESCRIPTION sk ook ok ok ok 4k ok ok 4 ok ok ook ok okok ok 4ok ok
float MIP(char Motor, float TPos)
{

long currentReading;

int i, spd:

float targetReading;

float gain;

currentReading = GAP(EncoderPosition ,Motor);

msDelay (50);

if (Motor==0)

{

gain=PitchMotorGAIN;

spd = PitchMotorSpeed;

}

clse if  (Motor==1)

{

gain=RollMotorGAIN;

spd = RollMotorSpeed;
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1
targetReading = Pos/gain;
if (currentReading < targetReading) {
ROR(Motor, spd):
//msDelay (50);
while (currentRcading < targctReading) {
currentReading = GAP{ EncoderPaosition ,Motor);
//msDelay (50);
output ();
serBputs ("\r\n");
}
MST( Motor );
} else if (currentReading > targetReading) {
ROL( Motor, spd);
//msDelay (50);
while (currentReading > targetReading) {
currentReadiug = GAP(EncoderPosition , Motor);
//msDelay (50);
output ();
serBputs ("\r\n");
}
MST( Motor );
1
current Reading=GAP( EncoderPosition , Motor )

return (currentReading*gain);



/* START LIBRARY DESCRIPTION ook sk ok ok soron o 5ok 4ok % o6k ok ok ok bk

INCLINOMETER.. lib

Copyright (c)

DESCRIPTION : Driver library for inclinometer Scnsor.
SUPPORT LIBS: RAM_ADC. LIB
REVSION HISTORY: DD/AM/YYYY

22/02/2012 Initial Relecase by Peng Wen.

END DESCRIPTION sk ok koo s ok s 40k o o 4ok ok ok o ok ok ok 40k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok [
/++ GLOBAL DECLARATIONS ko s sk sk ok ok ok koo ko ok ok ok s ok ok ok ok e |/
/*** BeginHeader OUIX, OQUTY x/
#dcefine OUTX 3 // Output X (Pitch angle) connected
// to analog input channel 3
#define OUTY 4 // Output Y (Roll angle) connccted
// to analog input channecl 4
#dcefine VIT GAIN 0.5

/xxx EndHeader =/

/%% FUNCTION PROTOTYPIS & DESCRIPTIONS  kor sk s sk o deok ok ok % % /

/#*x BeginHeader veadPitch =/

float readPitch(void);

/*xx EndHeader =/

/* START FUNCTION DESCRIPTION ks s s s sk sk sk ok sk ok s k% % %

readPitch <INCLINOMETER. 1ib >

SYNTAX: [float rcadPitch(void);

DESCRIPTION : Determines the pitch angle of the 10T Glider
by reading the voltage output of the
inclinometer X output, the voltage is
converted to degree.

PARAMETER: None.

RETURN VALULE:  The pitch angle in degrec.

KEY WORDS: pitch angle, inclinometer VT SCA121T-05

END DESCRIP TTON sk s skt ok s sk ob ok ok ook ke okok ok ok ok ook ok ok ok o ok okok ok ok kok ok ok %ok ok /[

float readPitch{void) {

float v;
v=(recad ADCVolts (OUIX) — 2.5) * VTL_GAIN;

it (v > 1)

v=v — 2
belse il (v < —1){

v =v 4+ 2;



}

return {asin(v)/3.114159x130):

}

/*xx BeginHeader rcadRoll %/

float rcadRoll(void);

/**% EndHcader =/

/* START FUNCTION DESCRIPTION st s s skoseok o sk ok sk sk ok ok ok 4 %k k ok ok

readRoll <INCLINOMETER. 1ib >

SYNTAX: float rcadRoll(void);

DESCRIPTION: Determines the Roll angle of the I0T Glider
by reading the voltage output of the
inclinometer Y output, the voltage is
converted to degree.

PARAMETER: None.

RETURN VALUE: The roll angle in degrec.

KEY WORDS: roll angle, inclinometer VTT SCA121T-05

END DESCRIPTION sk sk ok s ok ok k3 ok ok ok ko ok ok 0K ok Sk ok Kk K0k kK KOk KK 0K K ok ok ok [

float readRoll(void) {

float v;
v={rcad ADCVolts (OUTY) — 2.5) x VTI_CGAIN;
if (v>1)

Yelse if (v < —1){
v = v + 2
}

return (asin(v)/3.14159x180):




Appendix E

I0T Glider Hydrodynamic
Damping Coefficient Calculation

MATLAB Codes

Y% Damping Cocfficients Calculation Codes%
%by Peng Wenl
cdfl = 1.05;

cde = 1.1,
cdl = 1.9802;
cdw = [.12;

Ydistance between aft cnd and body frame orvigin
x_hf = 1.556-0.724758;

rho=1000;

D= .1148; %bare hull diamcter

r= D/2;

L = 1.5656; %glider overall length
x_fin = —0.305358; %fin center X position

Y%fin center height to the hull center line
h_fin = 0.03 + D/2;

S fin = 3.60-=3: %fin arca

I_wing = 0.26315;%Wing root to tip length [m]
x_wing_center = 0.111; %wing center X position

S_wing = 0.020412:%Per Wing area [m”™2]



l_root = 0.093617;% wing root length
l_tip = 0.062410;%wing root length
h base = 0.02;%wing base hight
B_basc = 0.210; %wing basc width
tYrr = @(x)((1/2)=(1/18)(3 —(x+x_bhf)/D)."2)xD.xx.xabs(x)*2;
nYrr = «@(x)(0.8685*sqrt ((l—x_bf—x)/D}—-0.3978%((L—-x bf-x)/D})...
+0.006511+((L-x bf-x)/D)."2...
+ 0.0050806*((L—x bf—x)/D)."3)}*D.* x ,* abs(x) = 2;
bYrr = @(x) r % x .*x abs(x) % 2;
tMaq = @(x)({1/2) —(1/18)*(3 —(x+x_bf)/D).72)*D.*abs(x).*x.+x*2;
nMgq = €@(x)(0.8685*sqrt {(L—x_bf—x)/D)-0.3978*((L—x_bf-x)/D)...
+ 0.006511((L—x bhf—x)/D)."2...
+ 0.005086%((L—x_bf—x)}/D).73)*D.*x abs(x) .* x .x x * 2
bMqq = @ (x) r = abs{x) .» x .x x * 2
Yrr = —0.5%rhoxcdex(quad(tYrr,—x_ bf,—x bf+3«D)... %tail
+quad (nYrr . L—1.75%D-x_bf L-x_bf)...% nosec
+quad (bYrr,—x_bf43*D. L—-1.75*D-x bf))... % mid body
—2xx fin * abs(x_fin) * 0.5 * vrho * S fin * cdf;% 2 fins
Zaq = =Yrr. ..
+2*x__wing __centerxabs(x  wing_center)*0.5%rhoxS_ wingxcdw;%2 wings
Nrr = =0.5xrhoxcdex(quad (tMqq,~x_bf,—x_bf4+3«D)... % tail
+quad (nMqq,L—1.75«D-x_ bf ,L-x_ bf)...% nosc
+quad (bMgq,—x bf4+3«D,L—1.75*xD-x_bf))...% mid body
—2%abs(x_fin)"3 % 0.5 %« rho * S fin » cdf;%2 fins
Mqq = Nrr. ..
—2xabs(x wing center ) 3%0.5xrho*S wingxcdw;%2 wings
wKpp = @(x)(] root—{1 root—1_ tip)/l _ wing*(x-12/2)).*x."3;
Kpp = —4* (abs(h fin))"3 % 0.5 % rho * S_fin = cdf... %4 fin
— 2x0.5+rhoxcdlxquad (wKpp,D/2+h_ fin ,D/2+1_wing ) ... %2 wing
— 2%(D/24h base/2)73%x0.5xrhoxcdl*B basexh base:%wing basc
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%by Peng Wal

A S e S O e I L

% 10T Glider Parameters
%

rho = 1.00E+4+03;
% Water Density

g = 0.81:

% g

A  piston = 0.0036;
% Piston Area

loa =1.556;

% overall length

W = 116.2485;

% Measured Vehicle Weight

fambda wing = 0.9948;
%Swept angle of the wings

x _wing _root _leading = 0.15;

%Wing root leading cdge x—position in

r stbwing = [x.
%Position of the starboard wing center
r portwing = [x _wing root

%Position of the portside wing center

A_wing = 0.020412;

%Per Wing area [m~2]
l_wing = 0.3;

AWing root to tip length [m]
r h = 0.0574:

%Radius of Hull cross scction

A_h = pixr h72;

%Cross scction area of Hull
X_BodyFrame = 0.72;

YBody frame origin from nose tip
XB = 0.70;

% Distance from Nose tip to

% Center of Buoyvancy w.r.t.

leading —0.1187

Injtial CB (Local
Origin (CB)

[kg/m™3]

[m/s 72]

(2]
[m]

[N)
[rad]
of CFD

body frame, origin
A g

wing_root_lecading —0.1187 0.157 0];

{n]
—0.157 0];

[m]

(ESAM Origin)

frame origin point)

%
xB_0 = X BodyFrame-XB:
A Center of Buoyancy: X—dir

vB = (0.00k+00:;

[m]



% Center

zB
% Center
% Center

Y%

of Buoyancy: Y-dir [mi]

= 0.00E+00;
of Buoyancy: Z-dir [m]

of Gravity w.r.t. Origin at CB

xG 0
% Center
yG_0
% Center
zG_ 0

% Center

Uﬂ
%
% Added
Xudot
Xvdot
Xwdot
Xpdot
Xqdot
Xrdot
Yvdot
Ywdot
Ypdot
Yqdot
Yrdot
Zwdot
Zpdot
Zqdot
Zrdot

U,

Yrr

% Cross—flow Drag

Zqq = 5.5957;
Y% Cross—flow Drag [kgm/rad 2]

!

= X _BodyFrame-XB;

of Gravity: X—dir [m]
= 0.00E4+00;
of Gravity: Y-dir fm]

= 1.96K-03:

of Gravity: Z—dir [m]

Non—lincar Force Cocfficients

Mass Terms

= —1.708E-01; [kg]

= OEQ; [kg]
= 0EO0; [kg]
= 0FE0; [kgm/rad]
= 0EO0; [kgm/rad]
= 0E0; [kgm/rad]
= _1.42E401; [ke]
= 0KEO; [kg)
= OEO; [kgm/rad]
= 0F0; [kgm/rad]

= 2.011E-01; [kgm/rad |
= —1.666E+01;  [kg]

= 0EO0; [kgm/rad ]
= —2.612E—01; [kgm/rad]

= 0F0: [kgm/rad]

¢ Hydrodynamic Damping Terms

= —=58.3140;

% Non—linear Moment Cocfficients

Uﬂ

% Added Mass Terms

Kpdot = —7.062E-02; [kgm2/rad ]
Kgdot = 0E0; [kgm2/rad |

[kgm/rad ™ 2]



170

Krdot = 0E0: {kgm2/rad)
Mqdot = —2.161E+400; [kgm2/rad]
Mrdot = 0E0; [kgm2/rad ]
Nrdot = —2.152E+00: [kgm™2/rad)]

Y% Hydrodynamic Damping Terms

Nrr = —Y.10668;
% Cross—flow Drag [kgm™2/rad " 2]
Kpp = —0.3547;
% Rolling Resistance [kgm2/rad " 2]
NMqq = —9.1981;
% Cross—flow Drag [kgm™2/rad " 2]

% Other variables

Y%
m  piston = 0.7
Yopiston 4+ rod nass [kg]

I piston = X_BodyFrame—0.246;

Yepiston x position in body frame when piston in zero position
Il batt = X _BodyFrame—-0.465728;

Ybattery pack x position in body frame when battery pack

%in zero position

m batt = 0.5;

Ybattery pack mass [ke]
max piston = 0.01 ;

Yanax piston position [m]

max  x_batt = 0.020

Yanax battery pack position [m]
v piston = 0.005;

Ypiston spced (m/s]

v_batt = 0:

Y%battery pack speed [m/s]
theta__dot_batt = 0,
Yebattery pack rotating specd [rad/s]

rG batt = 0.02;

Y%battery pack OG radius w.r.t. hull central axle [m]
% delta_max = 1.36E+4+01;

% Maximum Fin Angle [deg]

D2R = pi/180:

% type conversion: deg to rad

R21> = 180/ pi;



% type conversion: rad to deg

m=W/ g;

% weight /G [kg]

% Definitions of variables for the simulation
tTimeStep = 0.01;

tTotalTime = 15;

tHorizon = tTotalTime/tTimeStep;

B A A Y A Y B Y O N O Y
% 10T Glider 6 DO Motion Simulator — init .nt%

Y% initial conditions%

%by Peng Welh

SIS T TAT ST SIS SIS TS SIS TS FI TS TSI SIS e

Y% Moments of Inertia w.r.t. Origin at CB

Yo

Ixx = 1.5E-02:

70 Moment of Incrtia [kgm ™ 2]
lyy = 1.645E+00;

% Noment of Inertia [kgm ~2]
lzz = 1.615E4+00:

% Moment of Inertia [kgin"2]
Ixy=0:

Ixz=0;
lyz=0;

Y% State vector

Yo x = [u v wp qr xpos ypos zpos t0 qtl qt2 qt3]’
x = zeros (13, 1)

x(1) = 0.15%cos(2/180«pi):
x(2) = 0;

x(3) = 0.13%s8in(2/180% pi);
<

5 x(1) = 1.54; % forward velocity: 1.54 m/s
phi = 0xD2R; % 5 deg > rad

theta = —20xD2R;

psi = 0xD2R;

% Converting Euler angles to Quaternions

epsi2 = cos(psi/2); spsi2 = sin(psi/2):

cthe2 = cos(theta /2): sthe2 = sin(theta /2);

cphi2 = cos(phi/2); sphi2 = sin(phi/2);

x(10) = cphi2*cthe2xcpsi2 + sphi2+stheespsi2; Y% qt0

x(11) = sphiZxcthe2xcpsi2 ~ cphi2*sthe2xspsi2; A qtl
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x(12) = cphi2*sthe2%cpsi2 + sphi2*cthe2*spsi?2; % qt2
x(13) = cphi2*cthe2+spsi2 — sphi2xsthe2xcpsi2; % qt3
forces = zeros(6, 1):

% control variables

x_piston = 0; %initial piston position [m]

x piston_0 = 0

x_batt =0, %initial battery pack position [m]

x_batt_ 0 =0; %initial battcry pack positio [m]

theta batt = 0: %initial battery pack angular position

Y%deltaR = [0, 4, —4].%D2R; % angle of rudder plane [rad]
YodeltaS = O; % angle of stern plane [rad]

U= sqri(x(1)«x(1) + x(2)*x(2) + x(3)*x(3));

% speed [m/s]

% Dunmy variables for numerical integration (Runge—Kutta 4th order)

kl = zeros (13, 1

)i
k2 = zeros (13, 1);
)
)

)

k3 = zeros (13, 1

\

kd = zevos (13, 1

A A R S S T S S S T ST VS
% 10T Glider 6 DOF Motion Simulator — ctrsgn .nl%

% control signals%

Yby Peng Worlk

SIS SN S I S A S A S S S R S S T T S S e
YeThe three control variables are:

%1. position of the piston, x_ piston;

Y%2. position of the battery pack, x_batt;

%3. rotated angle of the battery pack,theta_ batt .

%The control signals are used dependent%

R I N A A A A S S A A S S I R e
% 10T Glider 6 DOF Motion Simulator — para .nt%

% Re—cvaluate parameters%

%by Peng Werh

B A A T B A I VA A AV

B =W+ x_piston * A_piston * rho * g;

xG = (xG_0 * m + x_piston * m_piston + x_ batt m__batt) / my

yG = (yG_O0 * m + rG_batt = sin (theta_batt) * m_batt) / m;
zG = (2zG_ 0 *+ m — rG_batt * cos (theta_batt) * m_batt) / m;
xB = (xB_0 * W4 x_piston * A_piston « rho % g * (l_piston ...
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+ x piston/2 + 0.033)) / B;

Ivy = Iyy + m__piston * ((x_piston + |_piston)~2
— (x piston 0 + | piston)72) + m batt = ((x batt...

+ 1_batt)"2 — (x_batt_0 + I_batt)"2);

lzz = lyy;

Ixy = —m » xG * yG;
Ixz = — m * xG * 2G;
Iyz = — m » yG * zG;
x piston 0 = x_ piston;
x _batt__0 = x_batt;

% Incrtia matrix

Y

mll = m — Xudot;
mid = mxz(;

ml6 = —nxyG;

m22 = m — Yvdot;
m24 = -m*zG;.

m26 = mxxG — Yrdot;
m33 = m — Zwdot:
m3d = mxyG;

m3d = -m*xG - Zqdot;
ml2 = <z

m43 = mxyQG;

mdd = Ixx — Kpdot;
mdl = mxzG:

mb3 = —m*xxG — Zqgdot;
mbh = lyy — Mqdot;
m6l = —yG;

m@G2 = m*xG ~ Yrdot;
m66 = lzz — Nrdot;
Inertia = zcros (6, 6);

Tuertia(l, 1) = mll;  Inertia(l, 5) = ml5; Inertia(l

Inertia (2, 2) = m22; Inertia(2, 4) = m24; Inertia(2

) (

) ) (:
Inertia(3, 3) = m33; Inertia(3, 4) = m34; Inecrtia(3,
Inertia(4, 2) = md2; Inertia(4d, 3) = mi3; Inertia(4,
Inertia (5, 1) = mdl; Incrtia(5, 3) = md3: Inertia(

( ) (

5,

Inertia(6, 1) = m6l; Inertia(6, 2) = m62; Incrtia(6

Minv = inv(Inecrtia);

R N A A A Y A A A A A AT A A A A

ml6;
m26;
m3d;
mdd
mds5:

meG ;



Y% 10T Glider 6 DOF Motion Simulator — RKAM.nf4

% Numerical Integrator Using RK—4 Method%
%by Peng Wer%

Y A O S A O A A A AV A A A A A A A A VA
x0=x;

M2,

kl1=xDot ;

x=x + 0.5*xtTimeStep=*kl;

ME:

k2=xDot ;

x=x + 0.0xtTimeStepxk2;

MIE;

k3=xDot;

x=x +tTimeStepxk3,

ME;

kd=xDot :

x = x0 + tTimeStep*{kl + 2xk2 + 2+k3 + k4)/6;

R A A A A A A A A A
% 10T Glider 6 DOF Motion Simulator — ME.nt%

% Derivative of the State Vector Evaluation%

Y%by Peng Werll

R A A A A A A A A A A A A
Y% Get and check state variables and control inputs

Y% Get state variables

Y

u=x{1); v = x(2); w = x(3)

p = x(4); q = x(5); r = x(6):

qtd = x(10); qtl = x(11}); qt2 = x(12); qtd = x(13);

% Normalization of quaternion

qual = [qt0 qtl qt2 qt3]°/sqri{qt0*qt0 + qtl*qtl...
+ qt2xqt2 + qt3xqt3);

qt0 = quat (1}:

qtl = quat (2):

qt2 = quat {(3):

qt3 = quat {4);

U= sqgrt(uxu + vv + wiw):

% Rotation matrix:

Ch2n =

[1=2%(qt2xqt2+qt3+qt3) 2=(qtlrqt2—qtO+qt3) 2+(qtOxqt2+qtl*qt3):



2% (qtOxqt34+qtlxqt2) 1-2x(qtlxqtl+qtI*xqtd) 2x(qt2*xqt3—qtO*xqtl };
2¢(qtl*qt3—qt0*qt2) 2x(qtOxqtl+qt2+qt3) 1-2x(qtl*xqtl+qt2*qt2)];
% Calculate AOA & drag & 1ift & pitch moment on wings
v_stbwing = [u v w] + cross([p q r],r_stbwing);
v portwing = [u v w] 4+ cross([p q r],r_portwing);
if v stbwing(l)==0 && v_stbwing(3)==0
alfa_stbwing = 0,
clse
alfa stbwing = atan(sin(atan(v_stbwing(3)/v_stbwing(1)))...
/(cos{atan{v_sthwing (3)/v_stbwing(1)))*sin (lambda_wing)));
end
if v_portwing(1)==0 && v_portwing(3)==0
alfa _portwing = 0,
else
alfa portwing = atan(sin(atan(v_portwing(3)/v_portwing(1)))...
/{cos(atan(v portwing(3)/v _portwing(1}))*sin(lambda_wing)));
end
CD stb = polyval ([1.8551¢—1 0 0.0123],alfa sthwing/pi()*180);

CD _port = polyval ([1.8551c—4 0 0.0123],alfa_portwing/pi()*180}):

CL stb = polyval([—-4.922e—6 0 0.0146 0],alfa stbwing/pi()*180);

CL port = polyval([—-4.922¢—6 0 0.0146 0},alfa portwing/pi()*180);
CM _sth = polyval ([0.301 0 —0.2756 0].alfa_sthwing/pi()*x180);

CM _port = polyval ([0.301 0 —0.2756 0],alfa portwing/pi()*180);

D sth = 0.5 % rho = U2 x A wing * CD_sth;

D _port = 0.5 x rho x U2 x A wing = CD port;

I sth = 0.5 % rho * U2 x A wing * CL_stb;
L _port = 0.5 % rho x U2 x A_wing * CI.__port;
M sth = 0.5 x rho * UT2 x A_wing * I_wing x CM_sth;
M_port = 0.5 = rho = U2 x A_wing * |_wing » CM port;
if v stbwing(l)==0 && v stbwing(3)==0
afa s = 0;
clse
afa s = atan(v stbwing(3)/v stbwing(1));
end
if v portwing(l)==0 && v portwing(3)==0
afa _p = 0,
clse
afa_p = atan(v portwing(3)/v_portwing(1));

end



X_wing = L sth * sin{ata_s) — D sth = cos(afa_s)
+ L._port * sin(afa_p) — D_ port * cos({afa_p):
Z wing = —1, sth x cos(afa _s) — D sth x sin(afa_s)
— L_port * cos(afa_p) — D_port * sin{(afa_p);
M wing = M_sth + M _port — x_wing_root__leading x Z_wing;
% Calculate AOA & drag & lift & pitch moment on hull
Yo

if u=20
alfa h = 0:
else

alfa h = sign(w) * atan(sqrt(v 24+w™2)/u);

end
if w=—20
slip_h =0
else
slip_h = —atan(v/w):
end

(D h = polyval ({13.5495 0 2.7638 0],alfa h):

CD h = polyval ([1.3964e—=6 0 0.0012752 0 0.16454] . alfa_h+R2D);

CL h = polyval([12.6763 0.0084 3.223 0],alfa_h);

CL h = polyval{[1.8219¢=5 0 0.01142 0] ,alfa hx*R2D)/A h...
«0.013987(2/3);

CM h = polyval([—-7.932 —0.0043 -0.3319 0].alfa_ h);

CM h = polyval([=9.9954¢—6 0 0.022261 0] ,alfa_h+R2D)/A h...
/loax0.01398;

D h= 0.5 % rho » U2 » A h « CD h;

L h= 0.5  rho » U2 x A h » CL h;

M_hull = 0.5 % rho * U2 x A_h x loa * CM_h;

Xp h =L h x sin{alfa h) - D_h x cos{alfa_h);

Zp h = — 1L h x cos(alfa_ h) — D h x sin{alfa h);

F h = L _transformn{slip. h, 0, 0, [Xp h;0;Zp_h]);

M h = R _transform(slip__h, 0, [0:M hull:0]);

% Hydrostatic forces:

U(\
HydrostaticForces = Ch2n'«[0 0 W-B] '
Xhs = HydrostaticForeces (1);
Yhs = HydrostaticForces (2);

Zhs = IlydrostaticForces {3):

HydrostaticMomentW = [0 —2G yG; 2G 0 —xG; —yG xG 0]*Ch2n'«[0 0 W]~

)
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HydrostaticMomentB = [0 —zB yB; zB 0 —xB; —yB xB 0]+*Cb2n’+[0 0 -B]’;

Khs
Mhs
Nhs

= HydrostaticMomentW (1) + HydrostaticMomentB (1);
= HydrostaticMomentW (2) + HydrostaticMomentB (2);

= HydrostaticMomentW (3) + HydrostaticMomentB (3);

% Added MNass cross term forces:

Y
XAN

YAM

ZAM

KAM

MAN

NAN]

— Ypdotxrxp + (Zrdot — Yqdot)*xqxr — VYrdot*r 2 4+ Zwdotswxq ...

+ Zqdotxq~2 4+ Zpdot*pxq:

= Xvdotsxvxr — Ywdotxvkp + Xudotxuxr + Xwdotx(wsr—uxp)...

+ (Xpdot—Zrdot)*rxp + Xqdotkq*r + Xrdotxr™2 — Zwdotxwsp ...
— Zpdot«p”2 — Zqdotxpxq;

= —Xwdot*wxq + Ywdotxwsp — Xudotxuxq + Xvdot*{usp—viq)...
+ (Yqdot—Xpdot)xqxp — Xqdotxq 2 — Xrdotxqxr + Yvdotsvp ...
+ Ypdotxp™2 + Yrdot*xrxp;

= —Ypdotxwxp+Zpdot xvxp—Kqdot*r*p+Krdotxpxq—Xvdotxusw. ..
+Xwdotxuxv—Xqgdotxu*xr+Xrdotxuxq+(Zwdot—Yvdot )* vaw. .
+Ywdot* (v 2—w"2) —(Yqdot—Zrdot ) * {vxr+wxq)+{ Yrdot ...

+Zqdot ) x (veq—wxr) —(Mgdot—Nrdot }xgxr+Mrdot * (¢ 2—1 " 2);

= Xqdot*xwrq—Zqdot*xuxg+Kgdot*r*q—Mrdot*xpxq+(Xudot . . .
—Zwdot ) wxwtXvdotsws v+Xwdot«(w™2—u"2)+(Xpdot . . .

—Zrdot }x (pxwtuxr) —(Xrdot+Zpdot }* ( pru—wkr ). ..
—Ywdotsuxv+Ypdotxvir—Yrdot*vxp+(Kpdot—Nrdot }. ..
spxr—Krdot*(p 2—r"2);

= —Xrdot*vsr+Yrdotxuxr—Krdotxq*vr+NMrdotxp*r—(Xqgdot . ..
—Yvdot)kurv+Xvdot*(u 2—v72)— Xwdotsvsw—{Xpdot—Yqdot ) . ..

¥ (uxq+vap)+{ Xqdot+Ypdot ) * (uxp—vx*q)+Ywdot xuxw. . .

—Zpdotxwrg+Zgdot*xwkp—(Kpdot—Mqdot }xpxg+Kqdot = (p™2—q~ 2);

Y% Sct total forces from cquations of motion

—Ewk(p + mxxGrgxq + mevsr 4+ mexGxrxr — mxyGepxg — msx2G*p*r
+ Xhs ... Hydrostatics

4XAM .. Added mass terms

+ X wing ... Hydrodynamic, wings

+ F_h(l);

mxwkp — mruxr — (mxzG)xqxr — mkxGepxq + mxyGx(rxr + p*xp)...
+ Yhs...

+ YAM. ..

+ Yrrxrxabs{r)... damping

+ F h(2);

= — Xvdotxusxr + Xwdotxuxq — Yvdot*vxr + Ywdot*(vxq — wxr)...




7 = (mx2G)xpxp + (m*zG)*xqxq + mxuxy — mevep — mxxGrrxp — mxyGrrxqg

+ Zhs

+ZAM
+ Zggxgxabs(q)... damping
+7Z wing . ..
+ F h(3);:
K= pxqgq*lIxz — (172 — q 2)*lyz — p*rxlxy — (laz—=Ilyy)=q*r...
— (mxzG)rwxp + (mxzG)xuxr + mxyGruxq — mxyGrvsp
+ Khs ...
+ KAM. ..
+ Kpp*pxabs(p)... damping
A h( 1)

M= — (Ixx—lzz)*xrxp + Ixy*g*r — (p 2 —r 2}xIxz — lyzxqxp...
+ (mxzG)xvrr — (mxzG)*wrq — mxxGruxq + mexGxvxp
+ Mhs ...
+ MAN. ..
+ Magxg*abs(q). .. damping
+ M wing. ..
M h(2);
N = —(Iyy=Ixx)*p*xq + lyz*rxp — (q 2—p ~2)xIxy — rxqxlxz ...

+ nxGrwsrp— mExGrusrr + meyGrwrq — mryGrvsr
+ Nhs
+ NAM. ..
+ Nrrxr*xabs(r)... %damping
+ M_h(3);
forces = [XY Z KMN]’;

% Quaternion based

xDot =

[Minv (1 ,1}*X + Minv(1,3)+Z + Minv(1,5)*M;
4+ Minv(2,2)*Y + NMinv(2,4)xK + Minv(2,6)*N;
NMinv (3. 1)*X + Minv(3,3)x2 + Minv(3,5)=*Nl;
+ Minv(4,2)*Y + Minv (4 ,4)*K + Minv(4,6)*N;
Ninv(5,1)*X + Minv(5.,3)*Z 4+ Minv (5 ,5)*N;
+ Minv (6 .,2)*Y + Minv(6,4)*K + Minv(6,6)*N;
Ch2ux[u v w] ',

—0.9*xqt 1 *p — 0.3*%qt2x*q — 0.5xqt3*r;

0.5*xqt0=*p — 0.5xqt3*q + 0.5%qt2xr;

0.5xqt3*p + 0.5xqt0xq — 0.5*xqtl=r;

—0.0*xqt2%p + 0.5%xqtlxq + 0.5%qtO*r];






cpsi2 = cos(psi/2); spsi2 = sin(psi/2);

cthe2 = cos(theta/2); sthe2 = siu(theta/2);

cphi2 = cos(phi/2); sphi2 = sin(phi/2);

qt0 = cphiZ*xcthe2*cpsi2 + sphiZxsthe2xspsi2; %
qtl = sphi2«cthe2xcpsi2 — cphi2xsthe2xspsi2; Y%
qt2 = cphi2xsthe2*cpsi2 4+ sphi2*cthe2xspsi2; Yo
gt3 = cphi2#cthe2*spsi2 — sphi2xsthe2xcpsi2; %

u =VA *x cos (alfa);
v = 0y

w = VA « sin (—alfa):
%Rotation matrix

Ch2n =

[T=2%(qt2%qt2 4+ qt3*xqt3) 2*(qtl*xqt2 — qO*xqt3) 2+(qL0*qt2 + qtl=qt3):
2x(qtUxqt3 + qtlxqt2) 1-2«{qtl*qtl + qt3*qt3)

2x (qtlxqtl3 — qtO0*qt2) 2x(qtOxqtl 4+ qt2xqt3)

Y%Hydrodynamics on wings

qt
qtl
qt2

qt3

2+ (qt2xqt3 — qtOxqtl);

I-2x(qtl*xqgtl + qt2xqt2)];

v _sthwing = [u v w]:
v portwing = [u v w];
alfa_stbwing = —atan(sin(atan(v_stbwing(3)/v_stbwing (1)))...

/(cos(atan{v_stbwing (3)/v_stbwing(1)))*sin(lambda_wing)));
alfa portwing = —atan(sin(atan(v_portwing(3)/v portwing(1)))...

/(cos{atan{v portwing(3)/v_portwing(1)))*sin (lambda_wing)));
CD_ sth = polyval ([1.8551c—4 0 0.0123),alfa_stbwing/pi()*180);
CD port = polyval ([1.8551¢—4 0 0.0123],alfa
CL_sth = polyval([-4.922¢—6 0 0.0146 0],alfa_stbwing/pi()*180);
CL port = polyval({~4.922¢—6 0 0.0146 0] .alfa
CM sth = polyval ([0.0000016 0
CM_port = polyval ([0.0000016 0 —0.0048 0], alfa_portwing/pi()*180);

D sth = 0.5 % rho * VA2 x A _wing * CD_sth;

D _port = 0.5 % rho = VA72 x A_wing * CD port:

L_sth = 0.5 % rho * VAT2 % A _wing * CL_sth;

L. port = 0.5 % rho * VA2 x A_ wing * CL_port;

M sth = —0.5 % rho = VAT2 x A wing * |

Yawing pitching moment about wing root leading edge

Mo oport = —0.5 = rho * VAT2

* A wing * |__wing x CM

afa s = atan{v_sthbwing(3)/v_stbwing(1));

afa_p = atan(v portwing(3)/v_portwing (1});

X_wing = L sth « sin(afa_s) — D_stb * cos(afa_s)

+ L _port x sin(afa p) — D port * cos(afa_p);

portwing/pi()*180);

portwing /pi()«180);
—0.0048 0] ,alfa _stbwing/pi{()=180);

wing * CM stb;

port ;



7 wing = L_stb * cos{afa_s) 4+ D_stb + sin(afa_s)

+ L port * cos(afa_p) + D_port x sin(afa_p):

M wing = M sth 4+ M port — x wing_ root_lcading = Z_ wing:

Y%Hydrodynamics on hull

alfa _h = —sign(w) * atan(sqrt (v 2+w™2)/u);

CD_h = polyval ([2.02E-7 0 3.01E—4 0 0.035],alfa hxR2D)/A_h...
«0.013987(2/3);

CL_h = polyval ([1.8219e-5 0 0.01142 O] ,alfa_hxR2D)/A_h...
*0.013987(2/3);

OM h = polyval{{—=9.9951c=G 0 0.022261 0],alfa_h*R2D)/A_h.. .
/loa*0.01398;

D h= 0.5 % rho » VA72 « A h = CD h;

I., h = 0.5  rho » VAT2 « A_h * CL_h;

M_hull = 0.5 * rho * VA2 x A_h x loa * CM_h;

Xp h =1L h * sin(alfa_ h) — D h % cos(alfa_h);

Zp_h = L_h % cos(alfa_h) + D_h % sin(alfa_h);

Y%eHydrostatics

HydrostaticForces = Cb2n'«[0 0 W-B] *;

Xhs = HydrostaticForces (1);

Zhs = HydrostaticForces (3);

HydrostaticMomentW = [0 -zG yG; zG 0 —xG; —yG xG 0]*Cbh2n’«[0 0 W] ",

HydrostaticMomentB = [0 —zB yB; zB 0 —xB; —yB xB 0]+*Cb2n'+«[0 0 —-B] ;

Mhs = HydrostaticMomentW (2) 4 HydrostaticMomentB (2);

F=[{X wing+Xp ht+Xhs;Z wing+Zp_h+Zhs ;M _wing+M_ hull4hhs];

%Steady State Solving Solver%

Y%By Peng Werth

function solveangle ()

clear all:

options=optimset ( "Display ", "iter );
ly,Fval (exitflag] =fsolve(@projectmodel _modified , ...
[20/180%pi;0.2;7/180«pi],options)
thita=y {1}/ pi*180

V=y(2)

alpha=y(3)/pix180
glideangle=(y(1)+y(3))/3.14%180
VZ=—(y(2)*sin(y(1)+y(3)))
VX=y(2)*xcos(v(1)+y(3))



Appendix G

Plan View and Mass Distribution

of the 1OT Glider
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Table G.1: Mass and C. G. Position of the IOT Glider’s Components (Masses are in
kg; positions are in mm; position’s reference point is the glider’s nose tip)

Components Mass X C.G. Y C.G. Z C.G.
Position Position Position
Black Nose 0.531 107.83 0 0
Diaphragm End Pipe 1.125 490.719 0 0
Diaphragm Mount 0.553 265.38 0 0
Diaphragm Nut 0.154 212.28 0 0
Mid-body Section 0.517 734.34 0 0
Elec End Pipe 1.017 962.98 0 0
End Cap 0.348 1183.998 0 0
Tail 0.448 1322.818 0 0
Piston 0.489 246.11 0 0
Alignmient Collar 0.307 348.89 0 0
Buoyancy Engine 1.134 687.008 0 0
Actuator Base
Buoyancy Engine 0.34 514.498 0 0
Actuator Tube
Buoyancy Engine 0.227 539.943 0 0
Actuator Rod
Roll Motor and Mount 0.157 608.823 0 31.75
Pitch Motor! 0.23 571.628 0 0
Pillar 1 0.016 482.728 0 23.5
Pillar 2 0.048 482.728 0 -18.42
Batteries 0.35 465.728 0 19.636
Battery Mount, 0.119 485.7275 0 0
Elec Trail 1.013 913.23 0 0
PX303 0.206 1139.798 0 19.05
Wings? 0.1 649.6 0 0
Wing Mouuts 0.146 630.9 0 0
Fins 0.08 1170.0 0 0

Hucluding Pitch Motor, Piteh Motor Mount, Ring Gear

#This is the aftmost position situation. The corresponding X C.G. position for the most forward
position is 559.6 nun
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Plan View of the |OT Glider
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Figure G.1: The Plan View of the IOT Glider















