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EXECUTIVE SUMMARY

The tactical testing of the new Juniper class of ship was requested by the Commandant, U.S.
Coast Guard Headquarters, Office of Cutter Management (G-OCU). Testing was conducted by
the USCG Research and Development Center onboard the CGC JUNIPER, the first of the 225-
foot class of Coast Guard seagoing buoy tenders. The tests were conducted off the coast of
Rhode Island in near ideal conditions of seas less than 2 feet, winds less than 15 knots, and water
depths between 87 and 134 feet.

Tactical testing consisted of performing turning circles, and acceleration and deceleration tests
Measurement data were obtained for advance, transfer, tactical diameter, turning radius, turning
speed, acceleration, deceleration and distances, and times for each. These tests, corrected for
localized current and wind effects on the ship, provided a measure of the turning and
maneuvering ability of the ship. The testing was completed using the Differential Global
Positioning System (DGPS) and Tactical Maneuvering (TACMAN) GPS software.

The data returned from tactical testing are important for a ship in close maneuvering situations.
These data can be entered into the ship’s Electronic Chart and Display Information System
(ECDIS), where the information can be used to program and execute a turn with a great deal of

accuracy while underway.
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1.0 INTRODUCTION

1.1 SPONSOR REQUEST

Tactical testing for the new Juniper class buoy tender was requested by the USCG Office of

Cutter Management (G-OCU) in June of 1997. Tactical testing is usually completed on each

new class of ship to define the maneuvering characteristics of that class, and the builder’s trials
usually encompass some of this testing. However, it is prudent to retest a ship class under actual
working loads that are not available during builder’s trials. A test plan was approved by the
R&D Center and Commandant (G-OCU). Tests would be conducted in priority of importance

based on time available.

1.2 JUNIPER CLASS OVERVIEW

The Juniper Class of seagoing buoy tenders (WLB) is being built by Marinette Marine in
Marinette, Wisconsin. The JUNIPER (WLB-201), Figure 1, is the first ship of the class. The
ship displaces 2,032 tons with a full load, is 225-feet in length, and is powered by two Caterpillar
3608 diesel engines having a rated engine horse power of 6,200. The ship has a single
controllable pitch propeller, and forward and aft electric thrusters of 460 and 550 horsepower,

respectively.

1.3 JUNIPER CLASS TESTING REQUIREMENTS

Tactical testing requires calm water to preserve accuracy. Excessive winds, seas, or water
currents can change test results. The environmental test requirements for the Juniper class tests
are:

Water depth - greater than 80 feet

Wave height - 2 feet or less

Wind speed  -15 knots or less

Current - less than ¥4 knot



U.5. COAST GUARD

Figure 1. USCGC JUNIPER (WLB-201)

The ideal testing sequence required the testing to be completed at speeds of 6, 9, 12 and 16 knots

(or max speed). The rudder angles selected to fill out the test matrix for each speed were 10, 15,

20, 30, and 38 degrees for both port and starboard turns (40 tests). Additional tests included
acceleration tests, from dead in the water (DIW) to full speed, two runs each in opposite
directions (4 tests); and two deceleration tests, from full speed to DIW, and two runs each in
opposite directions (4 tests). The total number of tests came to 48. If these tests were run at an

average of 20 minutes per ted, it would require 16-hours of testing, however, the test time
allowed for only one day’s testing. This test matrix was a very demanding structure for one day
of testing. This problem was resolved by completing the test matrix on the port side turns and
filling in five selected turns to starboard in order to characterize differences in turning
performance. The final test requirements were for 33 tests averaging 20 minutes each for a total
time of 11 hours of testing. If time permitted, the test matrix for the starboard side would be
filled in.

1.4 TACTICAL TESTING OVERVIEW

Ship maneuvering always includes turning to some degree. Quantifying the performance of a

vessel's turning, starting, and stopping abilities are important. With the advent of the Electronic



Chart and Display Information System (ECDIS) and better navigational technology, a ship with
the proper information programmed into its navigational computer could program a course,
including turns, through restricted waters. Turning circle, acceleration and deceleration tests
measure and document a vessel's ability to maneuver. The turning ability of a vessel is noted by
four specific measures: advance, transfer, tactical diameter, and steady turning diameter. Figure

2 illustrates the first three measures.

Advance

Tactical Diameter —————— 9

-q— Start of Rudder Over Execution

Figure 2. Turning Circle M easurements

1.5 TURNING CIRCLE DATA AND TEST DESCRIPTION

Turning circle tests include determining the advance, transfer, tactical diameter and the times
associated with the ship completing these maneuvers. advance is the distance the vessel



travels in a straight line parallel to the original course from the point at which the rudder over

command is executed to a point where the course of the ship has changed by 90 degrees. The
point-to-point measurement is made from where the GPS antenna is mounted; in this case, on the

mast near the center of the ship. The transfer is the distance from the original course line in the

direction of the turn to that point where the ship’s course has changed 90 degrees. This
measurement is made at a right angle to the course linetadineal diameter is the distance

from the original course line to a point where the ship’s course has changed by 180 degrees. The
steady turning diameter is the diameter of the ship’s turn after it reaches equilibrium for that
speed and rudder angle.

Each test run is started with the ship on a steady course and fixed speed (i.e. the engine rpm and
pitch held constant). The ship is left on that base course long enough to define the straight line
course, (usually 30 to 60 seconds, depending on the speed). At that point, the rudder is rapidly
moved to a predetermined rudder angle and held there until the ship changes course through 720
degrees (two complete circles). Data are collected using the Differential Global Positioning
System (DGPS) and the Tactical Maneuvering (TACMAN), GPS software written by the USCG
R&D Center. As an example, Figure 3 presents a snapshot of an uncorrected maneuver, and
Figure 4 represents the same maneuver corrected for set and drift using the TACMAN software.

During the testing, electronic marks are entered into a computer at:
The start of data collection for a test.

The start of the base course leg.

The rudder over point, marked on data sheets as RO.

The 360-degree point, marked as 360.

The 720-degree point, marked as 720 or UM.

The end of test.

SN T o
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Figure 3. Turning Circle Raw Data Plot before correction for Set and Drift
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Turning through 720 degrees aids the post-processing data correction for set (the direction of
travel of the water under the ship) and drift (the speed of that water).

Post processing for these turning tests is accomplished by entering set and drift values which
result in the best overlap of the two circles. Additional marks are then entered at a point aong
the track where the ship has attained a steady turning radius, marked as A1 and A2 (see Figure
4). The software then calculates advance and transfer for various degrees of turn, tactical
diameter, turning radius, initial speed for the base course, turning speed and the times to each

maneuver point.

1.6 ACCELERATION, DECELERATION DATA AND TEST DESCRIPTION

Acceleration test data include determining the time and distance a ship takes to obtain maximum
speed from a standing stop or dead in the water position (DIW). The deceleration data are
determined by the time and distance it takes a ship to come to DIW from maximum speed.

These two distances are commonly measured in boat lengths.

An acceleration test is started from DIW. The order is given for maximum speed and the ship
moves forward, on a straight course, until it appears it has reached maximum speed and is held
there for a while to ensure that this requirement is met. In the deceleration test, the ship is
brought on a straight course at maximum speed and held there until an order is given to come to
al stop. There are two methods of completing the deceleration tests. One is to cut the engines
and drift to astop. The other, referred to as a crash stop, is to reverse the engines until the ship
comes to a stop and cut the engines at that time. During the testing on the CGC JUNIPER, the
crash stop method was used.

During these tests, electronic marks are placed in the computer at:
1. The start of thetest.

2. The command given to accelerate or decelerate.

3. The point the ship reaches max speed or is stopped in the water.
4. Theend of ted.



Acceleration and deceleration tests are corrected for set and drift by conducting duplicate tests

for each in the opposite direction of the original course. The results of these opposing tests are

averaged, removing the effects of set and drift.

1.7 OVERVIEW OF TEST EQUIPMENT

The testing was completed using the Differential Global Positioning System. The following
equipment was installed on the USCGC JUNIPER on June 8, 1998.

Ashtech Inc. Ranger XI1 GPS Receiver

Starlink Inc. MRB-2A, MSK Radio Beacon Receiver
Starlink Inc. MBA-2 Integrated Antenna

Compaq Portable Computer

TACMAN GPS Software

2.0 TACTICAL TESTING OF THE USCGC JUNIPER (WLB-201)

Tactical testing of the USCGC JUNIPER was completed on June 9, 1998, under near ideal
conditions. The testing took place off the coast of Rhode Island in seas of less than 2 feet, with

winds less than 8 knots, and water between 87 and 134 deep. The ship’s hull had been cleaned

during a maintenance period ending on June 6, 1998.

During testing, there were no buoys or sinkers on deck. A summary of the ship’s liquid loading
on the day of the test is included in Table The draft marks forward were 12-ft, 5-in, and aft

were 12-t, 5-in. The ship’s displacement on the day of the test was 1893.5 tons. All testing was
conducted with the ship in transit mode of operation as opposed to the maneuvering mode.
During the tests, the propeller pitch was increased as the rpm increased at a predetermined rate
called the ship’s schedule. At the beginning of each test, the speed was set and not changed

during that test.



Table1l. USCGC JUNIPER Liquid Loading at Start of Test

CGC JUNIPER (WLB-201) SUMMARY OF TANK CAPACITIES

DIESEL OIL
TANK 100% 95% CURRENT TONS  PERCENT CHANGE
4-17-1-F 5358 5090 4774 14.83 93.79 0
4-17-4-F 3639 3457 0.3537 10.98 102.31 0
4-30-0-F 21700 20615 20446 63.5 94.22 0
4-30-1-F 7605 7225 7334 22.78 96.44 0
4-30-2-F 7605 7225 102 0.32 134 0
3-48-0-FF 5841 5549 5761 17.89 98.63 0
3-48-1-F 7922 7526 7841 24.35 98.98 0
3-48-2-F 7922 7526 7830 24.32 98.84 0
3-54-0-F 5841 5549 579 18 9.91 -95
3-61-1-F 4569 4341 2876 8.93 62.95 -359
3-62-2-F 3655 3472 2295 7.13 62.79 -63
01-78-1-F 576 547 521 1.62 90.45 0
02-86-2-F 106 101 920 0.28 84.91 0
TOTAL 74498 72674 63986 198.71 83.64% -517

LUBE OIL
TANK 100% 95% CURRENT TONS  PERCENT CHANGE
3-68-1-F 382 368 200 0.69 52.36% 0
3-69-1-F 382 368 80 0.27 20.94% 0
TOTAL 764 736 280 0.96 36.65% 0

WASTE OIL
TANK 100% 95% CURRENT TONS  PERCENT CHANGE
4-60-1-F 1880 1786 756 2.59 40.21% 0
4-60-2-F 1880 1786 1550 4.81 82.45% 0
4-71-0-F 606 576 0 0 0.00% 0
4-74-2-F 200 190 0 0 0.00% 0
TOTAL 4566 4338 2306 7.16 50.50% 0

HYDRAULIC OIL

TANK 100% 95% CURRENT TONS  PERCENT CHANGE
2-10-0-F 2785 2646 1900 6.6 68.22% 0



CGC JUNIPER (WLB-201) SUMMARY OF TANK CAPACITIES (continued)

TANK 100%

4-0-0-W 9142
4-6-0-W 11525
4-21-0-W 17711
4.-30-3-W 4108
4-30-4-W 4108
4-48-0-W 22528
4-57-0-W 27117
TOTAL 96239

TANK 100%

4-82-2-W 2798
4-81-1-W 1772
TOTAL 4570
TANK 100%
2-25-1-W 4028
2-25-2-WW 4028
TOTAL 8056
TANK 100%
3-39-0-FF 57067

DATE: 09-Jun-98
PREVIOUS: 07JUN98

BALLAST
95% CURRENT TONS  PERCENT CHANGE
0 0 0.00% 0
11525 44.02 100.00% 0
0 0.00 0.00% 0
3905 14.92 95.06% 0
0 0 0.00% 0
0 0 0.00% 0
0 0 0.00% 0
15430 58.94 16.03% 0
WASTE WATER
95%  CURRENT TONS  PERCENT CHANGE
171 0.65 6.11% -207
155 0.59 8.75% 0
326 1.25 7.13% -207
POTABLE WATER
95%  CURRENT TONS  PERCENT CHANGE
3925 14.99 97.44% -75
3914 14.95 97.17% -86
7839 20.94 97.31% -161
SORSTANK
95%  CURRENT TONS  PERCENT CHANGE
0 0 0.00% 0
DRAFTS
FORWARD: 12'05" AFT: 12'5"

PREVIOUS: 12’ 06"

PREVIOUS: 12’ 06"



3.0 CONCLUSIONS

3.1 TURNING PERFORMANCE RESULTS

Table 2 presents a summary of the turning circle measurements collected during the testing of
the WLB-201. A quick analysis shows that the vessel turns better in the port direction than the
starboard. Averaging the results for like turns (i.e., instances where tests were completed in both
port and starboard directions for the same speed and rudder angle), it was found that the ship
turns slower in the port direction. The turning speed (the speed well into the turn) in the port
direction averaged 19% slower than the same turn in the starboard direction. The advance,
transfer and tactical diameter distances averaged 14% less in turns made to the port direction.
These differences resulted in smaller, tighter turning circles when the vessel turned to port.
Starboard turns conversely had faster turning speeds and longer dimensions for advance, transfer
and tactical diameter, making the turning circles larger, requiring more room for the ship to
maneuver when turning to that direction. These differences are normal for a single propeller
ship.

3.2 ACCELERATION, DECELERATION PERFORMANCE RESULTS

Table 3 is a summary of the acceleration and deceleration data. Averaging the results of
accelerations in opposite directions (A and B, see Tables 3 and 4) separately and averaging those
two values together will remove the effects of the set and drift as much as possible. One of the
acceleration runs in the B direction was not used because of a malfunction in the software.
Evaluating the average values for time and distance for the vessel to come to a full speed of
amost 16 knots from a dead stop in the water, we found that the ship accelerated in 125 seconds
and traversed 724 yards. This value equates to 9.6 boat lengths. Averaging the test results for
the deceleration tests as above, the data show the vessel stopping from an average speed of 15.8
knots in 88 seconds, in a distance of 428 yards. Thisisequivalent to 5.7 boat lengths.

4.0 RECOMMENDATIONS

It is recommended that these data be adopted for the Juniper class of vessel until data are
available which would supersede these data, or until dataon individual ships are available.

10
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Table2. Summary of Turning Circle Datafor the USCG JUNIPER (WLB-201)

Initial  Rudder Direction of

Speed
(kts)

D OO OO OO OO O

© © © © O ©

12
12
12
12
12
12

Angle
(deg)

10
10
15
20
30*
38*

10
15
15
20
30
38

10
15
20
20
30
38

turn

Turning Advance @ Transfer @ Timeto 90
Speed 90 Degrees 90 Degrees  Degrees

(kts)

411
3.64
3.08
2.77
2.37
2.08

5.2
5.85
4.23
3.69
3.05
2.74

7.3
6.21
7.06
5.47
4.36
3.73

(vards)

341.9
204.7
243
209.7
194.19
187.07

331.5
288.6
256.3
244.9
222.1
199.3

322.9
266.5
258.8
2494
219.8
214.3

(vards)

188.5
164
130.1
116
92.9
83.14

176.1
169.4
1425
118.2
97
82.7

188.4
151.2
145.7
120.9
99.5
91.7

(sec)

140
101
112
105
error
error

94
79
80
77
74
67

73
62
53
58
52
51

* |ndicates software failure, data presented was calculated manually.
Error indicates software failure, this data unrecoverable.

Tactica
Diameter
(yards)

291.29
308.19
238.03
201.39
156.46
134.42

320.14
283.64
248.69
207.21
160.75

140

333.75
262.45
243.21
211.38
168.85
151.01

Turning Timeto 180 Timeto 270 Time to 360

Radius
(yards)

164.78
137.77
103.43
84.86
63.6
52.56

139.35
131.81
107.15
83.35
61.28
47.35

146.59
109.33
119.26
86.34
64.61
48.85

Degrees

(sec)

185
202
199
185
167
167

165
117
146
138
127
117

125
108
error
100
91
90

Degrees

(sec)

error
294
280
275
244
232

227
error
204
164
150
138

error
error
error
error
111
109

Degrees
(seo)

430
395
374
336
291
271

305
253
270
246
218
195

229
198
175
177
160
147
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Table 2. Summary of Turning Circle Data for the USCG JUNIPER (WLB-201) (continued)

Initial  Rudder Direction of  Turning Advance @ Transfer @ Timeto 90

Speed  Angle turn Speed 90 Degrees 90 Degrees  Degrees
(kts)  (deg) (kts) (vards) (vards) (sec)
16 10 Sthd 13.73 380 256.9 59
16 10 Port 11.78 320 198.1 53
16 15 Sthd 12.27 314.2 179.2 48
16 15 Port 10.12 271 145.5 46
16 20 Sthd 11.15 267.6 148.1 42
16 20 Port 9.24 239.8 123.2 41
16 30 Sthd 9.14 2314 110.7 37
16 30 Port 7.2 220 4 38
16 38 Sthd 7.99 229.6 96.9 36
16 38* Port 6.14 211.14 87.52 error

* |ndicates software failure, data presented was calculated manually.
Error indicates software failure, this data unrecoverable.

Tactica
Diameter
(yards)

458.88
350.38
308.39
257.63
255.51
214.67
143.94
153.16
127.36
140.81

Turning Timeto 180 Timeto 270 Time to 360

Radius
(yards)

180.42
156.43
134.93
117.35
115.98
94.07
88.68
67.38
75.63
56.29

Degrees
(seo)

98
90
7
7
69
69
error
55
error
61

Degrees
(seo)

121
107
108
80
97
error
error
error
error
86

Degrees
(seo)

166
158
134
133
121
118
108
105
104
121



Table3. Acceleration Data for JUNIPER (WLB-201)

Accderation TimeTo DistanceToFull Maximum
Direction Full Speed  Speed (yards) Speed

(sec) Reached

(knots)
A direction 127 732.84 15.7
B direction 127 721.92 15.6
A direction 119 663.96 15.6
B direction 134 805 155
A direction 118 660.43 15.7
Average A dir. 121.33 685.74 15.67
Average B dir. 130.5 763.46 15.55
Average A&B 125.92 724.6 15.61

Table4. Deceleration Data for JUNIPER (WLB-201)

Deceleration Time Full Distance Full Starting
Direction Speedto  Speed to DIW Speed
DIW (sec) (yards) (knots)
B Direction 98 443.42 15.7
A Direction 84 425.84 15.7
B Direction 89 418.68 16.1
Average A dir. 84 425.84 15.7
Average B dir. 93.5 431.05 15.9
Average A&B 88.75 428.45 15.8

13
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Appendix A

USCGC JUNIPER Corrected Tactical Test Data

A-1
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TIHE HEAZURE
0.0 sec.
#185.0 Sec.
wifG.0 Sec.
430.0 Sec.
3i4d Degroos
5.93 Krnats
d.11 Knots
231 .29 Yards

1L64.7E Yards
{w) Indicates a computer assioned Rark T

Table A-1, Starboard Turn Maneuver 6 kts., 10 deg. Rudder




F Jure 1398
0E : 38 ;49
Fort
Hanewuwar # 1
10 Ruddar
at 6.0 Kts
Position PLt
Plot Centar:
41 24.9 H
71 22.5 H
Eet Z260.0 Dag
Drift D.2Kts

Scale 30.0 HDiv

Uartical

1LB80

Horizontal Scale 50,0 HADiw

Figure A-2, Port Turn Maneuver 6 kts., 10 deg. Rudder




2 Junsa 1998

TACTICAL DIAMETER
TURING RADIUS based on USER

Maneuver performed at 08:38:49 GMT on

Port Turn Maneuver on juniper wlb 201

308.19 ¥Yards
selected MARKS 08:43:53 and 08:46:10
137.77 Yards

(%) Indicates a computer assigned mark

=3
120 DEG.

190.95 Yrd.
233.2 ¥Yrd.

Executed with a 10 Degree Rudder at a speed of 6 Knots both engine

EVENT 15 30 45 60 75 90 105

TURN TIME % 23.0 2 43.0 * 38.0 = 73.0 »* 85.0 =101.0 =117.0 %*134.0 Sec.

ADVANCE 73.5 129.7 162.7 186.5 198.2 204.7 201.8

TRANSFER 16.5 41 .9 68.7 10D0.4 127.6 164.0 199.3
EVENT TIME MEASURE

TIME to RUDDER OUER 0.0 sec.

TIME to 180 deg TURN #202.0 Sec.

TIME to 27D deg TURN »*294.0 Sec.

TIME to 360 deg TURN 395.0 Sec.

Initial HEADING 159 Degrees

Initial SPEED 5.99 Knots

TURNING SPEED 3.64 Knots

L 4

Table A-2, Port Turn Maneuver 6 kts., 10 deg. Rudder




9 June 1998
09:00:01
Port
Maneuver # 2
135 Rudder
at 6.0 Kts
Position Plt
Plot Center:
41 24.3 N
?1 22.2 H
Set 260.0 Deg
Drift 0.2Kts

Scale 30.0 M/Div

Vertical

180

AL

Horizontal Scale 30.D0 M/Div

Figure A-3, Port Turn Maneuver 6 kts., 15 deg. Rudder




Harneuver performsed at 09:00: 01 GHT oan

9 June 1998

Port Turn Haneuvver on juniper wlb ZOL

Executed with a LS

Degree FAudder at a speesd of &

Enots both erngines

EVENT 13 30 45 &0 Ta 90 105
TURM TIHE = 44.0 = 59.0 = 2.0 = 64.0 = 97.0 =iiZ2.0 =124.0
ADLaMHCE 145. 2 184.9 210,08 227.7 228.3 242 .0 2490.8
TRAMEFER i1i.0D 280.7 S0.4 73.5 99 .7 130,14 152.8

EUVENT TIME MEASURE

TIME ta RUDDER DUER 0.0 sac.

TIHE to 180 dea TURM #1399 .0 Sec.

TIME to 27VD deg TURM wZR0.0 Sec.

TIME ta 360D deg TURM A74.0 Sec.

Imnitial HEADIHNHG 161 Degrass
Initial SPEED 6,03 Knots
TURMIMNG EPEED .08 Enot=

TACTICARL DIAHETER

TURING RADIUE based on USER

238.03 Yards

selected MARKE O09:04:00 and O906:07

103.43 Yards

120 DEG.

L79.0 ¥Wrd.

(#) ITndicates a conputer assioned mnark

Table A-3, Port Turn Maneuver 6 kts., 15 deg. Rudder




9 June 1998
13129119
Forkt
Mansuver # 2
20 Pudder
at &§.0 Kts
Position Plt
Plot Cantar:
al LE.T H
TL 9.9 H
Zet 238.0 Dea
Drirt D.1lKEs

Ecale 30.0 M Div

Uertical

Horizental Scale 30.0 HDiw

Figure A-4, Port Turn Maneuver 6 kts., 20 deg. Rudder




Hancuuver parforsed at 13:29:19 GHT on
9 June 1998
Port Turn Haneuwver on Juniper HLE 201

Exacuted with a 20 Degres Rudder at a speed of & Enotas both ergines
ELENT

TURAM TIHE = J8.0

RDUANCE
TRAMEFER 8.1

TIME
TIHME
TIME
TIHE

15

a0 45 &0 TS5 S0 105 10

e e —— —— e - = - —— = = -

w 533.0 # 4.0 = ¥3.0 = 8%9.0 #=105.0 #=116.0 =130.0

Laz .0 L32.0 L79.4 198.2 206 .0 209 .7 207 .3 19%9.0

EVENT

L{]
to
to
ko

Initial
Initial
TURNI NG
TRACTICAL DIAMETER
TURING RADIUE based on USER selected HARKS 13:132:49%9 and 13:33:48

RUDDER OUER
180 deg TURH
270 dea TURH
J60 dea TURH
HEARDIHG
SFEED

EPEED

25.3 42 .8 &9 .4 a7.6 1i6.0 134.3 i56.4

0.0 sec.
#185.0 Sac.
#ETH.D Fec.
336.0 Eec.
215 Degrees
3.9% Knots
2.77 Hnots
201 .29 Yards

B4, 36 Yards
(%) Indicates a consputer assiagned aark T

DEG.
8.
Wrd.
W

Table A-4, Port Turn Maneuver 6 kts., 20 deg. Rudder




pal
T

-l

T

17360

e
x7

¥
9 Juna 1998 /
i3:47:07 /
For
H s Uk F 3
F0 r
at &. K=
Position Plt
Plot Cantar:
gL 19.0 H
71 10.5 H
et 46.0 Deg
Drift D.1Kts

Scale 20,0/ Div

Uzrtical

Horirontal IScale ED.D-ﬁFDiu

Figure A-5, Port Turn Maneuver 6 kts., 30 deg. Rudder 1 |'r£-:"':EI W

o




No data sheet for thistest.

Table A-5, Port Turn Maneuver 6 kts., 30 deg. Rudder

A-11




fcale-20.0 HDiw

9 June 1998
14:04:21
Fort -
Harnsuwver § 4
Rl 1) r
at &.0 Kts
Positi Plt
Flok I;z:t-r:
41 /19.4 W
T 11.2 W

Set 246.0 Deg
prift 0.1Kts

/
'

Uertical

M Ao gards X o2

Horizontal Scale EH.F HAD iwr

F
P

Figure A-6, Port Turn Maneuver 6 kts., 38 deg. Rudder

T kondde

| Z6m= 314,

APy 2
A az 33,09,



No data sheet for thistest.

Table A-6, Port Turn Maneuver 6 kts., 38 deg. Rudder

A-13




9 June 1998
09:26:356
Port
Hanewuver # 3
1D Rudder
at 9.0 Kits
Position P11t
FPlot Canter:
a1 Z22.6 M
TL 21.6 H
Set 260.0 Deg
Drift D.1lKts

Zcale S0.0 MADiw

Dartical

Horizontal Scale 30.0 HADiIw

Figure A-7, Port Turn Maneuver 9 kts., 10 Deg Rudder




Hancuver performed at 09:26:56 GHT on
2 June 1998
Port Turn Hansuver on juniper wlbh 201
Executed with a 10 Degres Rudder at a speed of 9 Knots both ensines

0 10K

24.0 =1035.0

331.5 327.7
176. 1 21&.3

16l Denreas
2.29 HKnot=

EUEHNT 15 3o 45 &0 78
TURHM TIHE # 38.0 = 52.0 # &2.0 # 73.0 = B4.0 =
ADUMNCE 192.8 252.0 Z84. 9 JiL.1 ABE.T
TRAMEFER 15.5 1.8 68.7 103.9 141.6

EUVEHNT TIHE
TIME to RUDDER DUER 0.0 sec.
TIME to 180 deg TULRMN #LleS5.0 Eec.
TIME to 270 deg TURN 22T .0 Sec,
TIME to 260 deg TURM A05.0 Sec.
Initi=al HEADIHNG

Initial SPEED
TURHNIHNG SPEED

TARCTICAL DIAHMETER
TURING RADIUE based on USER

5.20 Enots

F20. 14 Yards
salected MARKE D9:30:11 and O0O9:31:42

139,325 Yards
(%) Indicates a computer assioned mark ¥

12D

wil17.0
2i4.1

24T . T

Table A-7, Port Turn Maneuver 9 kts., 10 Deg Rudder




9 June 1998
14:3D:11
Etarboard

Hanauver B 1
17 Rudder
at 9.0 Kts

Position PL1E

Plot Cenber:
41 20.3 W
T1L 13.5 H

St 0.0 Dag

Drift O.0Kts

Uartical

Scale 50.D0 MADiw

Hor izontal 3JScale 30.0 HDiw

Figure A-8, Starboard Turn Maneuver 9 kts., 15 deg. Rudder




[ 1

Haneuwver parformed at 1430711 GHAT on

9 June 1998

Starboard Turn Haneuver on Junipar HLE 201
Exaocuted with & 15 Deagres Rudder at a speed of 9 Knots both engines

EUENT 13 30
TURH TIHE = 30.0 = 42.0
ADUANCE 154. 3 209.5
THANEFER 11.5 J4.8

EVEHT
TIHE to RUDDER OUER
TIHE to 180 dea TURH
TIHE to 270 dea TURH
TIHE to 360 dea TURH
Initial HEADING
Initial FFEED
TURNIHNG SPEED
TRACTICAL DIAMETER

AT &0 Ta T 105 iz DEG.
# S2.0 # &61.0 = T0.0 = 79.0 = 8.0 = 937.0 Sec.
246 .6 27T0.7 284.6 Z88.6 282 .9 269 .4 %rd.
G, 2 6.7 132.8 169.4 203.6 234.1 Yrd.

TIME HEASURE
0.0 sac.
mL1T .0 Rec.
mlilil. D Ses.
2533.0 Sec.
299 Degreas
9.14 Enots
5.8% Enots
203 .64 Yards

TURING RADIUE based on USER selected HARKE 14:33:31 and 14:34:30

121.81 Yarcs
{u) Indicates a computer assigned mark ¥

Table A-8, Starboard Turn Maneuver 9 kts., 15 deg. Rudder




9 Jumve 1990
oo : 4205
Port
Harneuuser & L
15 PFudcder
at 2.0 K=
Position FPIl1t
Flot Center:?
41 ZL.7 H
T1 21.3 H
Zet Z21i.0 Deg
Drift O.0Kts

Ecale 50.0 MADiuv

Uertical

1a0

Al

Horizontal Scale 30.0 HADiw

Figure A-9, Port Turn Maneuver 9 kts., 15 deg. Rudder




Hamnewssr porformed at O9:42:05 GHT on
9 June 1998
Port Twurn MHanesver an junipar ol 200

Executed with a 15 Degres Fudder at a spesd of 9

EUENT 15 30 35 &L

75

e ———— " T == e s - L - -

TURH TIME # 20.0 = 41.0 = 530.0 = 0.0 = 70.0

ADMHCE 146 .5 LB0,. & 2i8.8 24d0. 4

TRAMEFER 11.7 0.5 32 .6 B1L.3
EVEHNT TIHME

TIME to RUDDER OUER 0.0 sec.

TIME to 180 deas TURH #®#1L36.0 Sac.

TIME to 270 dea TUAHM w2Z04.0 Eec.

TIME to 360 deg TURM 270.0 Zec.

Initial HEADING
Initial TPEED
TURMING SPEED
TACTICAL DIARETER

252.7
Llg.2

Ernots both g ines
o0 105 120
# BO.0 = 90.0 #=101.0
256.3 252.2 2491 .1
142.5 170.6 197.7

166 Degrees
9.12 Hnots
4.23 Hnots

2498 .69 Yards

TURING RADILE based on USER @ selected HARKE D9:46:05 and 09147129

107,13 Yards

(%) Indicates a computer sssigned mark T

DEG.
fec.
Wi .
%rd.

Table A-9, Port Turn Maneuver 9 kts., 15 deg. Rudder




? Jura 1998
09 :59:12
Poark
Hamnsuweer # 2
20 Rudder
at 9.0 Kts
Position PL1E
Flot Center:
di 2i.1 H
71 20.4 H
Tet 220.0 Dao
Drift D.DKEs

Uartical

Ecale 30.0 M Diw

Al

LZ0

LOE

Hoarizontal Scale 30.0 HADiw

Figure A-10, Port Turn Maneuver 9 kts., 20 deg. Rudder




-#

Moneswweer performed at 09159112 GHT on

9 June LB

Port Turn Hanauvar on juniper wlb 201

Exscuted with & 20 Degree Rudder at & speed of 9 Knots both engines

EUVENT 135 30 455 il 75 0 105 120 DEG.

o ——— —————— = ——— s i i —— o e — e ot e i —— o s

TURH TIHE = 31.0 = 40.0 = 49.0 = 58.0 #* &7.0 = 79,0 = B7.0 = 96.0 Fac.

ADIUAHCE 14%.7F 185 .4 212.1 271.1 241.9 244.9 241.6 232.9 %rd.

TRANEFER &. 7 2D. 6 41 .4 &5. 4 90.3 11&. & 14%.35 163.2 Yrd.
EUEHNHT TIHE HEASURE

TIME to RUDDER DUER 0.0 sec.

TIHE to 180 dea TURM wid@.0 Sec.

TIHE to 270 des TURM wiGcd.D Sec.

TIHE to 360 dea TURN 246 .0 Sec.

Initial HEADIHG 130 Degreas

initial SPEED 9.0 Knots

TURHING SPEED F.69 Hnots

TACTICAL DIAMETER 207 .21 Yards

TURING RADIUS based on UWSER ss=lected HARKS LO:02:20 and 10:02:18
#3.33 Yards

(# Indicates a conputer assigned mnark ¥

Table A-10, Port Turn Maneuver 9 kts., 20 deg. Rudder




9 Juime L1998
1D:16: 02
Port
Haneuwwer # 3
30 Buddear
at 2.0 Kts
Fosition P1t
Flat Center:
41 Z0.94 H
Tl 19.2 H
Eet 195.0 Dea
Drift O0.0Kts

Uartical

Scale 20.0 MADiw

Horizontal 3Scale 20.0 HADiw

Figure A-11, Port Turn Maneuver 9 kts., 30 deg. Rudder




Hamnewear parforsed at LD 16:02 OHT on

? Jura 1398

Port Turn Hamneuwsr on juniper wlb 201

Executed with a 30 Degres Rudder at & speed of 9

Enots both snaines

EVENT 15 30 A5 &l e 0 Ly
TURN TIME = 31.0 = 33,0 = 48.0 = 56.0 = 6353.0 # T4.0 = 3.0
ADYANCE 147.9 176.6 199.6 212.6 20,49 22 .1 219.4
THRAHNEFER 3.8 16.% 36.0 35.2 TE .6 7.0 1i5.2

ELEMNT TIME HEAZ URE
TIHE to AUDDER OUWER 0.0 sec.

TIHE to 180 dea TURM
TIHRE to 70 dea TURH
TIHE to 360 dea TURH
Imitial HEADIHG
Initial SPFEED
TURNIHL IPEED
TARCTICAL DILAMETER

TURIMEG RADIUE based on USER

#1227 .0 S,
Ml50.0 Sec.
Z18.0 Zarc.
130 Degrees
F.00 Knots
2.05 Enots
160.753 Yards
salected MARKE 10:19:12 amnd 10:20:14
&l.28 Yards
(®) ITndicates & computear sssigred mark

120 DEG.
= 2.0 Sec.
211.1 %rd.
131.3 %rd.

L

Table A-11, Port Turn Maneuver 9 kts., 30 deg. Rudder




3 Junc 1998
10:31:23
Port
Hanewuwer # 4
38 Pudder
at 2.0 Kts
Position PLE
Plot Centor:
dl 19.7 H
TL 18.0 H
Set 2Z08.0 Deg
Drift D.1Kts

Uartical

Fcale Z0.0 M Diwv

---.,

&0
105

Hor izomntal Scale Z0D.0 MDY iw

Figure A-12, Port Turn Maneuver 9 kts., 38 deg. Rudder




r—

Hanewvwver parforssed at 10:31:33 GHAT on

9 June 1998

Port Turn Hamneuuver on juniper wilk 2004

Exacuted with a 36 Deagres Rudder at a spesd of 7 Knots both enaines

EVEHT 15 20 A5 &0 T3 S0 105 120 DEG.

T e ————— e — R —— [ —— s e e e = - o e

TURM TIME # 28.0 = 35.0 = 43.0 # 51.0 = 59.0 = 7.0 = 76.0 # 84.0 Sec.

ADURNCE 1L3&2.9 157.3 1TF.7T 190. 6 L7 2 199.3 197.1 191.7 Yrd.

TRAMSFER 3.0 13.8 30.1 48 .2 65,7 8z.7 99.8 113.2 %rd.
EUVENT TIHE HEASURE

TIHE to RUDDER OUER 0.0 sSec.

TIHE to 180 des TLUDHN =Wi1F .0 Feo.

TIHE to 270 dea TURH #138.0 Sec.

TIHE to 360 dea TURH 1925.0 Sec.

Imitial HEADIHNG 130 Degreas

Initial TPEED 9.10 Hnots

TURNING SPEED 2.74 Hnots

TRCETICARL DIAMETER 140. 0 Yards

TURING BADIUE based on USER selected HARKE 10{34:14 and 10:35:01
47 .33 Yards
(m) Indicates a comnputer assianed aark ¥

Table A-12, Port Turn Maneuver 9 kts., 38 deg. Rudder




T Jure 1990
1D:47:13
Fort
Haneuwsr @ 1
10 Puddcer
at 12.0 Kits
Position PI1t
Plot Center:
4l 18.8 H
Tl 16.5 H
Eet 204.0 Deg
Drift 0. lKts

Scale S0.0 MADiw

Uartical

120

A0S

Horizontal Ecale 530.0 HADiw

Figure A-13, Port Turn Maneuver 12 kts., 10 deg. Rudder




Haneuver performed at 10:47:13 GHT on

9 June 1998

Port Turm MHansuvear on Junipesr w1200

Executed with a 10 Degree Rudder at & speed of 12 Knots both engines
ELUENT

15 a0 a5 &0 T3 90 105 120

T e e s s S e e ) SEiey = = = CE T TR

TURH TIHE # 2&.0 = 39.0 = 40.0 = 5.0 = 65.0 = 73.0 = B1.0 = 90.0

ADUANCE 179.1 239.5 27e.¢ 302.2 219.0 3I22.9 217.2 I02.3

TRANSFER  17.6  43.6 75.4 109.6 15i.1 188.4 224.1 260.6
EVENT TIHE HEASURE

TIME to RUDDER OUER 0.0 sec.

TIME to 180 des TURN #125.0 Sec.

TIME te 270 dea TURN #149.0 Seec.

TIME to 360 deg TURN 229.0 Sec.

Imitial HEADIHG 130 Degrecs

Initial SPEED 11.73 Knots

TURNING SPEED 7.30 Knots

TACTICAL DIAMETER 333.75 Yards

TURIMG RADIUE based on USER selected MARKE 10:50:06 amd 10:50:59%

136 .39 Yards
{w) Indicates a computer assigned mark T

Table A-13, Port Turn Maneuver 12 kts., 10 deg. Rudder

DEG .

Sec.

Wrd.



2 Jumne 1998
105943
Port
Hanawssr # 2
13 Pudder
at 12.0 Kts
Positian P1E
Flaot Center:
41 1§.2 H
T1 15.5 H
Zet 186.0 Dag
Drift O, 1Kts

Dartical

Fcale 50.0 MADiw

Horizontal Scale 30.0 MADiw

Figure A-14, Port Turn Maneuver 12 kts., 15 deg. Rudder




!h

Haneuwver perforned at 10:59:43 GHT on

? June L1998

Port Turn MHaneuvever on Juniper wlb20l

Executed with a L5 Degres PBudder at & speed of 12 Knots both engines

ELWVENT 15 am 45 G0 TS 20 105 120 DEG.

e e = - = e — o ——— e o et e —— = B i 2 N E—— B —

TURH TIME = 24.0 = 33.0 # 40.0 = 47.0 #* 55.0 = 62.0 = 70.0 = 7.0 Sec.

ADURMCE 154,28 202 .2 =31.1 231.1 263.9 266 .5 261 .1 Z250.0 Yyd.

TRAHNSFER i14.8 35.7 59.5 87.4 121.8 15L.2 1g2.08 207.5 wrd.
EUENT TIHE HEAZURE

TIHE to RUDDER OUER 0.0 sec.

TIHE to 180 deg TURM #1068 .0 Fec.

TIME to 270 deg TURN #12970 Tee.

TIHE to 360 deg TURMN 198.0 Sec,

Initial HEADIHNG 130 Dearess

Initial EPEED 11.9%6 Knots

TURHIHNG EPEED G.21 Hnots

TACTICAL DIAMETER 262.45 Yards

TURING RADIUS based on USER seclected MARKS 11:02:117 and 11:09:14
109 .33 Yards
(%) Indicates a computer assigned sark ¥

Table A-14, Port Turn Maneuver 12 kts., 15 deg. Rudder




? Jurne 1998
14:46:11
Starboard

Hanewuwsar # 2
20 Rudder

at 12.0 Kis

Position Plt

Flot Centor:
d1 20.9 H
71 15.0 H

Eet S6.0 Deg

DrFift D.1Kts

Scale 50.0 M Diw

Ugrtical

Horizoental JIcale 30.0 M Diw

Figure A-15, Starboard Turn Maneuver 12 kts., 20 deg. Rudder




Haneuwver performed at 14:46:11 GHT on
P June 1998
Ftarboard Turn Haneuver on Juniper HLE 201
Exacuted with a Z0 Degree Auwdder at a speed of 12 Knots both engines

EWENT 15
TURH TIHE = 21.0 # Z&.0D
ADUANCE 146, 4 La%. 3
TRANEFER F.b6

EUEHNT
TIHE to RUDDER ODUER

TIHE
TIHE
TIHE

to 180 dea TURH
ta 270 deg TURH
to 360 dea TURM

Initial HEADIMG
Initial EPEED
TURAHIMNG SPEED
TACTICAL DIAMETER

TURIHG RARIUE based on USER

35 &0 75 0 105

—— s —— - = = L B i [ — -

224.1 242.0 255.0 258.8 233.5
LT TE. T 109.5 i145.7 173.8
TIHE HERE URE

0.0 sec.
## T9.0 Sac,
# B.D0 Zec.
175.0 Sac.
299 Degaraes
12.35 Hnot=
T.06 Hnots
243 .21 Yards
selected MARKE L4:48:4% and 14:49:19
119,26 Yards
(®) Indicates a comnputer sssigned aark

120

# 35.0 = 40.0 #* 46.0 = 533.0 = 59.0 = &5.0

=241 .7
i O,

t

Table A-15, Starboard Turn Maneuver 12 kts., 20 deg. Rudder

DEG.
Eoc.
Wil .
ird.
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e
3
o
o
n
[ 180
] Al
[} S
9 Jurme 1998
11:10:06 -
Port o 120
Hamneuver & 3 i 105 Il
20 Rudder i o
at 12.0 Kis 3

Position Flt
FPlot Center:
41 17.T H
TL 14.7 H (NES n
et 186.0 Dag
Drift O.lKts

Horizontal IScale 50.0 M Diwv

Figure A-16, Port Turn Maneuver 12 kts., 20 Deg Rudder




Hanewear parforned at 11:10:06 GHT on

9 June 1998

Port Turn Haneuuer on Juniper wlb20l

Executed with a 20 Degree Ruddar at a speed of 12 Knots

EUVEHT 15

TURH TIHE = 25.0D

ADUANCE 1e0.3
TRANEFER g.2

EUENT
TIHE to RUDDER OUER
TIHE to 180 dea TURH
TIHE to 270 dea TURH
TIME to 360 dea TURH
Initial HEADIHG
Initial FFPEED
TURHIMNG ZPEED
TACTICAL DIAHETER

—— =

# F2.0
195.7

- =

0.0 sac.

#=100.0 ZSec.
I'Il._‘ll_,i":-;] Sec.
177.0 Sec.

120 Degreos
12.01 Knots
5.497 Knot=s

211.38 Yards

TURING RADIUE based on USER selected MARKE 11:12:43 and 11:13:29%

B& .34 Yards

(%) Indicates & oconputer assigrned mark

both engines

45 &0 T3 S0 105 LE0D

® 3B.0 # 45.0 = S2.0 = SE.0 = 65.0 = Fi1.0

213,0 238 .1 247 .7 2499 .4 245 . 4 237 .32

&, T 69.9 97.8 L20.9 1a% . 8 165,41
TIHE HERE URE

Table A-16, Port Turn Maneuver 12 kts., 20 Deg Rudder

DEG .

Fac,
Y.
¥ro.



9 June 1998
L1IZ2DI26
Fort
Haneuuer # 4
20 Ruddar
at 12.0 Kts
Position P11t
Flot Centar:
41 17.2 H
71 13.9 W
Iet 186.0 Deg
DrFirt D.0Kts

Scale 20.0 HDiw

Uertical

ey
-1

120

105

Horizontal Scale Z0.D M Diw

Figure A-17, Port Turn Maneuver 12 kts., 30 deg. Rudder




Haneuwver parforned at 11:20:36 GHT on

P June 1598

Port Twun MHanevver on Juniper wlb201
Executed with a 30 Degree Fudder at a speed of 12 Knots both enaines

EUENT 13 30

TURM TIHE = 2.0

ADLHNCE 141.1 175.9

TRANEFER T8 23.0
EUVENT

TIME to RUDDER OUER

TIME te 180 dega TURHN

TIHE to 270 deg TURH

TIHE to 360 dea TURMN

Imitial HEADIHG

Imitial SPEED

TURNING EPEED

TACTICAL DIAMETER
TURIMG RADIUE ba=ed on USER

® 29.0 = 34.0 = 40.0

45 &0 75 S0 105
# 46.0 = 52.0 = 539.0
134.4 209 .4 217.5 219 .8 216.2
F8.1 5.5 T9.4 9.5 120. 8
TIHE HE S URE

0.0 sec.
# 1.0 Fec.
#ill.D Eec.
160.0 Sac.
136 Degress
12.01 Hnots
4.36 Enots
166 .87 Yards
salected MWARKE 11:22:57 and 11:23:3&
Bd.61 Yards

120 DEG.

w £5.0 Zac,

208.8 Yrd.
136 .3 Yrd.

(m) Indicates a conputer assignead mark T

Table A-17, Port Turn Maneuver 12 kts., 30 deg. Rudder




9 Juire 1998
11:32:22
FPort
MHaneuvver # 3
28 PRuddar
at 12.0 Kts
Position Plt
Plot Centar:
4l 1&.3 H
TL 12.T H
Fet JIET.0 Deo
Drift D.1Kt=

Uartical

Scale 20.0 MADiw

Horirontal Scale 20.0 M Diw

Figure A-18, Port Turn Maneuver 12 kts., 38 deg. Rudder




Hansuver parforred at L1:32:22 GHT on

F June 1998

Fort Turn Mansuver on Junipar slB20L1
Exacuted with a I8 Degres Audder at a speed of 12 Enots both e ines

EUENT 15 20
TUAH TIHE # Z22.0 # Z8.0D
ADUGNCE 141.8 171.6
TRAHEFER T. 8 20,1

EUVEHNT

TIHE to RUDDER OUER
TIHE to 180 dea TURMH
TIHE ta 270 dea TURH
TIHE to 2360 deag TUREM
Imitial HEADIHG
Imitial SFEED
TURHIHNG SPEED
TACTICAL DIAMETER

TURIMG RADIUE based on USER =sclected HARKE 11:34:3% and 11:35:14

a5 &0 T3 S0 105
® 33.0 = 39.0 = 45.0 # J1.0 = 57.0
i189.8 204 . 2 212.1 214.F 211.5
34.5 23.7 Tda.d 1.7 108 .2
TIHE HMEAZ URE
0.0 sas,

#109.0 Sec.
147.0 Rec.
136 Dagreas
12.10 Knots
3.73 Hnots
151 .01 Yards

48 .85 Yards

120 DEG.
# 63.0 ZSac,
205 .5 Yrd.
122.5 %rd.

(#) Indicates a computer assigned mnark ¥

Table A-18, Port Turn Maneuver 12 kts., 38 deg. Rudder




92 Junes 1998
12:24:34
Ltarboard

Haneuver @ 1
10 Fudder

at 16,0 Kts

Position PLE

Flot Center:
4] 15.2 H
TiL 8.1 H

Zat 66.0 Den

Drift D.0KEs

ZFcale 10DD.0 HADiw

Dertical

Ty

rren

Horizontal Zcale 100.0 MADiw

Figure A-19, Starboard Turn Maneuver 16 kts., 10 deg. Rudder




Haneuver performed at L2:24i34 GHT on

P June 1998

Etarboard Turn Haneswvssr on Junipar HLE 201
Executed with a 10 Degres Audder at a speed of 16 Enots both &nagines

ELENT 15 30 a5 &0 75 0 105 1200 DEG.
TURHM TIHE # 20.0 # 29.0 # 37.0 == 45.0 = S52.0 ® 59.0 = G&.0 w 73.0 Sec.
ADLMCE 180, 3 234.4 IO . P 350.8 3T2.7 380.0 ava.a 249 .4 Yrd.
TRANEFER 17.7 48 . 6 20.7 145.0 1996 236.9 FLF . F65.T Wrd.

EUENT TIHE HE AS URE
TIMHE to RUDDER OUER 0.0 sees,

TIHE to
TIME to
TIME to
Initial
Initial
TURHIHG EPEED

TACTICAL DIAHETER

TURINHG RADIUS based on USER

# 90.0 Sec.
#121.0 Sec.
166.0 Sec.
211 Dearaeas
16.04 Knots
13.%2 Hnots
458 . FF Yards
selected MARKE 12:268:55 and 12:27:31
180. 42 Yards
({w) Indicate= a computer acsigned mark *

Table A-19, Starboard Turn Maneuver 16 kts., 10 deg. Rudder




9 Junve LIPE
11:47:05
Port
Haneweer # 1
10 Ruddor
at 1&.0 Kts
Position P11t
Plot Center:d
41 14.9 H
71 10.7 W
et 26.0 Dag
Drift D.1Kts

Zcale 100.0 MADiwv

Uegrtical

[LEE
(LI

Horizontal Scale 100.0 HADiw

Figure A-20, Port Turn Maneuver 16 kts., 10 deg. Rudder




Haneuwver perforssd at L1:47:05F GHT on

9 June 1998

Port Turn Hanewudsar on Junipers HLB 201

Exscuted with a 10 Degres Rudder at a speed of 16 Knots both ongines
EUENT

- ——

15 a0 45 &0 75 S0 105 120 DEG.

S — S — i s E—— e R s s e e e B ——— S B e s B [ e

TURM TIHE # 19.0 # 27.0 # 34.0 # 41.0 # 47.0 = 53.0 # 539.0 = 65.0 Zec.

ADUENCE 1&g, 0 =24.0 26T .3 298.8 2150 .0 20,0 F14.1 23F .6 ¥Wrd.

THAME FER 15.1 40.8 Td. O 116.0 156 .3 1%8.1 o3 . P 273. 7 Wrd.
ELUENT TIHE HEASURE

TIHE to RUDDER DUER 0.0 sec.

TIHE to 180 deg TURH # 90.0 Sec.

TIHE to 70 dea TURH =LO7 .0 Sec.

TIHE to 360 deg TURH 158.0 Bec.

Imitial HEALDI NG 135 Dearees

Imitial SPEED L5.90 Knots

TURMING SPEED 11.78 Enots

TACTICAL DIARETER F50. 38 Yards

TURIMG RADIUE based on USER sSelected HARKS L1492V and L13150009

156.43 Yards
(%) Indicates a computer assioned mark ¥

Table A-20, Starboard Turn Maneuver 16 kts., 10 deg. Rudder




9 Junae L7998
12:33:29
Starboard

Haneuwver # 2
153 Rudder
at 16.0 Kts
Position FI1t
Plot Denter:
41 14.% H
FL F.9 H
Xaet 15.0 Dea
Drift D.1Kt=s

Ecale S0.0 M Diw

UVertical

Horizontal Scale S0.0 MDiv

Figure A-21, Starboard Turn Maneuver 16 kts., 15 deg. Rudder




Haneuwver perforsed at 12:33:29 GHT on
9 Jure 1998
Etarboard Turn Maneuver on Juniper HLE 201
Executed with a 15 Degres Buddar at a speed of 16 Knots both enaines

EUENT 15 S0
TURH TINE = 20.0 = 27.0
ADURNCE i20.5 226.0
TRANSFER 12.6 7.8

TIHE
TIHME
TIHE
TIME

— —— = - -

EUENT
to RUDDER OUER
to 180 deg TURM
to 270 dea TURH
to 360 dea TURH

Initial HEADIHG
Initial 2PEED
TURHING S5PEED
TACTICAL DIAHETER

&0 T3

I . = " — e

w FE.0 = 3.0 = 43.0
268 .3 296 . 8 310. 6
63 . & 104, 2 141.1

TIHE

0.0 sac.
# T7.0 Sec.
#18.0 Sac.
134.0 Sec.

105

&0 Dearecs
l16. 20 Enots
12.27 Knots
d0E. 39 Yards
TURING RADIUE based on USER selected MARKES 12:35:16 and 12:36:11
134,93 Yards

120 DEG.

w 57.0 Fec.
296 .3 %rd.
Z24F.53 YWrd.

{w) Indicates a conpulter assigred aark T

Table A-21, Starboard Turn Maneuver 16 kts., 15 deg. Rudder




9 Jurne 1993
11:55::24
Part
Hamneuuosr # 2
13 Ruddar
at 16.0 Kis
Fosjition P1%
Flaot Centar:
41 14.&6 H
T1i 9.6 H
Tet 40.0 Deg
Drift D.1Kts

MADiv

Ecale S0D.0

Uertical

Horizontal 3Scale 50.0 MADiw

Figure A-22, Port Turn Maneuver 16 kts., 15 deg. Rudder




Manewsar parforsed
9 June L1998
Port Twurn Maneuuwer

at 11:33 24 GHAT on

an Juniper HLE 2041

Executed with a 15 Degree Rudder at a spesd of 16 Knots both erng@ines

EUVENT 15
TURHM TIHE = 19.0 =
ADWNAIMNCE 160.% 2
TRANZFER 8.9

TIHE to RUDDER OUER
TIHE to 180 deas TURH
TIME to 270 dea TURH
TIME to 260 dea TURH
Initial HEADING
Initial SPEED
TURHMING SPEED
TACTICAL DIAMETEH

30 15 6 75 90 1055 120

R— ————— —— = - e e ——— === -

25.0 # 31.0 = 36.0 # 4L.0 = 46.0 = F1.0 = 56.0

0¥, 1 236 .3 296.5 267 .8 271 .0 265.8 253 .2
27.8 55.0 BZ.9 i1i4.0 145.5 L75.3 202 .7
TIHE MEAZURE

D.0 sec.

101 Degrees
16.05 HKnots
1LD. 12 Hnots

237.63 Yards

TURING RADIUS based on USEA selected HARKE 11:357:17 and 11:57:40

L17.35% Yards
{wy Indicates a coRnputer assigned marck T

Table A-22, Port Turn Maneuver 16 kts., 15 deg. Rudder

DELG.
Saec.
Wird.
Wird.



9 June L9998
12:41:10
Starboard

Haneuver # 3
20 PRuddar

at 1.0 Kts

Position PI1E

Flot Center:
41 15.4 H
1L F.5 H

et Z28.0 Dea

Drift D.2Kts

Scale S0.0 HADiw

Uertical

Horizontal Scale 50.0 MADiw

Figure A-23, Starboard Turn Maneuver 16 kts., 20 deg. Rudder




Haneuver perforned at 12:41:10 GHT on
9 Jure 1998
Starpoard Turn Haneuver on Juniper HLE 201

Executed with a 20 Deares Audder at a speed of 16 Knots both engines

EUENT 15 30

= == ———— e e e e — - = - = s e . —— [ ——— R ———

TURH TIHE # 18,0 = 3.0 = 28,0 # 33.0 = 3.0 = 42.0 = 46.0 # 351.0

ADUANCE 161.1 Z00. 1 231.8 254.32 266.2 267.6 262 .6 247 .

TRAHNSFER L. & =278 33.1 8%, 6 119.7 148.1 175.4 203.5
EVENT TIHE HEAEURE

TIHE to RUDDER DUER 0.0 sec.

TIHE
TIHE
TIHE

to 180 dem TURH
to Z70 dea TURH
to 360 deg TURN

Initial HEADING

Initial E2PEED

TURHIMG SPEED

TACTICAL DIAHETER

TURING RADIUS bassd on USER

45 G T3 S0 105 120

# 69.0 Zec.
wm 97.0 Eec.
121.0 fac.
332 Degress
16.05 Hnots
11.15 Knots
#33.531 Yards
salected MARKE 12:43:01 and 12:432:40
115.98 Yards
(w) Indicates a computer assioned mark ¥

Table A-23, Starboard Turn Maneuver 16 kts., 20 deg. Rudder

DEG .
Eac.
¥ird.
Wrd.



9 Juree 1396
1Z2:02:39
FPark
Hamneuwver # 3
20 Rudder
at 1&.0 Kis
Position Flt
Plot Center:
41 14.5 H
Tl ®.6 H
Zet 45.0 Deg
Drift D.iKts

Usrtical

e

Ecale S0.0 HADiw

TEE
T

Horizontal Scale 50.0 MADiw

Figure A-24, Port Turn Maneuver 16 kts., 20 deg. Rudder




Haneuuver parforaed at 1Z2:02:39% GHT on
? June 1998
Fort Turn MHanewvver on Junipar HLE 201
Executed with a 20 Degree Rudder at a spesd of 16 Knots both s ines

EUVENT 15 20 Q5 [ A} i 90 105 120
TURM TIME = 17.0 w ZEZ.0 = 27 .0 * FZ.0 = JF6 .0 ## 41 .0 » 45 .0 W S0.0
ADAANCE 145.1 180.3 208 .4 227.7 236 .6 239.8 23&.0 225 .0
TRANEFER T3 Z2.0 42 .7 0.7 F3.8 123.2 1L45.9 170. 6

EUEMNT TIHE HEASLRE
TIHE to RUDDER OUER 0.0 ses,
TIME to 180 deg TURH ®w 59,0 Sec.
TIME to 270 depsp TURH W TL.0 Sec.
TIME to 360 deg TURHM 118.0 Zac.
Initial HEADIMG 100 DeEgress
Initial SPEED 15.98 Knots

TURHING IEPEED

TACTICAL DIAHETER

9.24 Knots
214.67 Yards

TURING RADIUE based on USER =selected MARKE 12:05:00 and 12:05:20

24,07 Yards
W) Indicates a computer assianed PRark

T

Table A-24, Starboard Turn Maneuver 16 kts., 20 deg. Rudder

DEG .
oo,
Wird .
Y¥ird.




T June 1998
12:47:40
Starboard

Haneuusar § 4
30 Rudder

at 16¢.0 Kt=s

Position Plt

FPlot Centor:
41 1&6.1 H
71 7.8 H

iat 37.0 Deg

Drift D.2Kts

Scale 30.0 HDiw

UVertical

.

Horizontal Scale 3I0.0 ASDiw

Figure A-25, Starboard Turn Maneuver 16 kts., 30 deg. Rudder




Hameiiiar performed at 12:47:40 GHT on

9 Junie 179

Starboard Turn Maneuver on Juniper WLE 201

Executed with a 30 Degree Rudder at a speed of 16 KEnots both srmines

EUENT 15 ao 43 &0 T3 0 105 120 DEG.

= —_—————— ——————— — i - —— e - e ——— e ——— —— ————

TURH TIME # 1L7.0 # 1.0 = 25.0 # 29%.0 = 33,0 = 37.0 ® 41.0 = 42.0 Sec.

ADURNCE 15i.4 181.5 20%.1 221.1 230.1 231.4 226.4 224.4 Yrd.

TRANSFER 6.1 15.1 R, 4 &1.5 86.1 1100, 7 133 .43 138.8 %rd.
EUENT TIHE HEAS LIRE

TIHE #to RUDDER OUER 0.0 mac.

TIMHE to 180 deg TUAN :ﬂsu.

TIME to 270 deg TURN Hﬁﬁ:n.

TIME to 360 deg TURH 108.0 Sec.

Initial HEADIHNG 332 Deareces

Initial SPEED 16.0% Knots

TURMIMNG SPEED 9,14 Knots

TRETICAL DIAHETER 143 .94 Yards

TURING RADIUE based omn USER sealected HARKS 12:49:14 and 12:49:42
BRE. 68 Yards

(%) Indicates a computer assigmed Bmark §

Table A-25, Starboard Turn Maneuver 16 kts., 30 deg. Rudder




F Jurve 1998
12:09:55
Port
Hanewsar # 4
20 Fauaddar
at 16.0 Kis
Position FP1t
Plot Centor:
41 14.7 H
TL 7T.9 H
Fat 15.0 Dea
Drift D.1Kt=

Scale 20.0 HDiw

Partical

Horizontal Scale 30.0 M Diw

Figure A-26, Port Turn Maneuver 16 kts., 30 deg. Rudder




Hancuwwver perforesd at 12:09:55% GHT on

P June LE9E

Fort Turn Haneuwesr on Junipes HLE Z01
Exacuted with a 30 Desrese FAudder at a speed of 16 Knots both engines

EWVEHNT 15 20
TUAH TIHE = 17.0 = 22.0
ADUAINCE 145 .49 178 .6
TRAHEFER 3.8 i18.2

EUVENT
TIHE to RUDDER OUER
TIHE to 180 dea TURH
TIHE to 270 des TURH
TIHE to 360 dea TURM
Imitial HEADING
Imnitial SPEED
TUHMIHEG SPEED
TACTICAL DIAMETER

a5 &0 T3 S0 105

——— = = = - e = " o = S — S —— —

# 6.0 # FO.0 = J3F.0 = JF.0 = 4i.0 = 46.0

198 .4 211.32 218.5 220.0 217 .6
34,9 . L Téd. & .0 107 .7
TIME HEAS URE

&0 Dapreses
15.98 Hnots
T.20 Enots
153,16 Yards

TURING RADIUE based on USEER selected HARKSE 12:11:48 and 12:12:11

67.30 Yards
{u}) Indicates a computer assianed [mark

1Z0

208 .5
128.4

L)

Table A-26, Port Turn Maneuver 16 kts., 30 deg. Rudder

DEG .
Tec.
Wro.
hjg-B



9 June 1998
12:53:53
Etarboard

Manewesr # 5
238 Ruddar

at 16.0 Kts

Position PLlt

Flok Centor:
41 1&6.7 H
71 8.1 H

St 38.0 Den

Drift D.Z2Kks

HA D i

Scale 3D.0D

Uartical

fsnaa

I'III

Horizontal Ecala 30.0 HADiw

Figure A-27, Starboard Turn Maneuver 16 kts., 38 deg. Rudder




Hareuver performed at 12:53:53 GHT on
2 Jurnea 1998

Starboard Turn Haneuwver on Juniper HLE 201
Exacuted with a 38 Degres Ruddar at a speed of 16 Knots both engines

EUVENT 15 ao a5 &0 75

TURH TIHE # 18.0 = 21.0 = 25.0 # 29.0 % 33.0

ADUANCE 159.9 i@2.2 205.8 220.8 2 228.6

TRANSFER 6.9 16.6 35.2 7.0 80.1
EUENT TIME

TIME te RUDDER OUER 0.0 sec

TIME to i80 deg TUARM uﬁd’&-c.

TIME to 270 dea TURH % 4340 Fec.

TIME to 360 deg TURN 104.0 Sec.

Initial HEADING

Initial SPEED

TURHI NG SPEED

TRETICAL DIAHETER
TURING RADIUE bazed on USER

0 LOS
® 6.0 = 30.0
229.6 225.9
bR 1173
HEAS URE

330 Degreas
16.19% Enots
7.99% Hnot=
127 .36 Yards

selected MARKE 12:56:!15% and 12156144

Ti3.63F Yards

120
# 41 .0
Z224. 2
i1z2z.7F

{#) Indicates a computer assigned mark T

Table A-27, Port Turn Maneuver 16 kts., 38 deg. Rudder

———
SR .

Wrd.
Wrd.



? June 1990
12:1&6:55
Fort
Hansuvear # 5
38 Ruddae
at L&.0 Kts
Fosition PLE
Flot Centear:
41 15.4 H
71 7.2 H
Zaet 26.0 Dag
Drift D.1Kts

Uartical

O
.~_~. _Ip;l]][__! - |Iﬂ| _5 4 :----

.}.F"" Tl"-"'ﬁ- = ‘Eﬂﬁm —~ -
Pl
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"
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;”_.-IL[I_?_;I-?.I’\II.L
TF.50 .[:’..!-:rnl;:

Horizontal Zeale zu)yé

Figure A-28, Port Turn Maneuver 16 kts., 38 deg. Rudder




No data sheet sheet for thistest.

Table A-28, Port Turn Maneuver 16 kts., 38 deg. Rudder

A-57




Zcale 1.0 Kts Diw

2 Juns= 1998

1F:02:13
Accalerat ion 6%)
HManesuwver # 1

0 Pudder

at 0.0 Kits
Uslocity PL1E
Flot Center:

31 21.0 H

71 15.5 H

Uartical

Horizontal Scale 10.0 2/Diw

Figure A-29, Acceleration Maneuver A direction #1




Hancweer performed at 15:02:13 GHT on

? June 1998

Accalerat lon Manesuver on Juniper HLE 201

Executed with an initial speed of O Knots both engines

EUVEMNT TIHE HERZLIRE
TIHE to FULL EFEED L27 .00 Beconds
DIETAMNCE to FULL SPEED T3&.049 Yards

Tine and Distance calculations are based on the following:
The UZER PLACED MARK at 15:04:05 GHT

arvd
Tha USER PLACED HARK at 15:06:12 GMT

Table A-29, Acceleration Maneuver A direction #1




Jp—
T
rennf
v
v
Trme
anwe

Scale 1.0 KtsADiw

9 Juna 1998
L1229
RBcoelerat ion f[?j
Haneuver # 2
D Rudder
at 0.0 Kts
Uelocitw PL1E
Flot Contor:
41 21.9 H
Tl 16.6 H

Uartical

Horizontal Scale 10.0 S/Diw

Figure A-30, Acceleration Maneuver B direction #1




Haneuwvar parforaed at 151229 GHT on

¥ June 1998

fAccelaration Maneuuver on Junipar HLE 201

Execuled with an initial speed of D Knots both engines

EVENT TIHE HEAZURE
TIHE %o FULL EPEED 127 .00 Seconds
DCISTAMCE to FULL SIPEED T2L.92 Yards

Tine and Distance calculations are based on thae followina:
The USER PLACED MARK at 13312133 GHAT

and
The UEER PLACED MARK at 15:14:40 GHT

Table A-30, Acceleration Maneuver B direction #1




el Tin

Scalae 1.0 Hts Diw

9 June L1998
L3:24:19
Accelerat ion
Haneuwver # 4{&)
0 Fudder
at 0.0 Ktz
Uelocitu Plt
Flot Cantar:
g1 21.0 H
TL 15.49 H

Uertical

Horizontal Scale 10.0 S5/ Diw

Figure A-31, Acceleration Maneuver A direction #2




Hanevwer performsed at 15:24:19 OHT on

? June L1998

fAccelerat ion Hanesuuver on Junipar HLE 201

Exaciited Wwith sn initial speed of 0 Knots both engines

EUENT TIHE HEARS URE
TIME to FLULL SPEED 119.00 Seconds
DISTAMCE to FULL EPEED G662, 96 Yards

Time and Distance calculations are based on the followina:
Thae USER PLACED MARK at 135:26:20 GMT

ared
Thae USER PLACED MARK at 15:28:19% GMT

Table A-31, Acceleration Maneuver A direction #2




Scale 1.0 HKitsADiw

Fourve LEF9E

15:38 07 o
nl:r_'mnlnrat:i.mrﬂ a
Hamnauwuer B E.L_p L]

0 Rudder T
at 0,0 Kts g

Dalocituy PL1E
Flot Center:
41 21.9 H
71 1&6.4 H

Horizontal Scale 10.0 S5/Div

Figure A-32, Acceleration Maneuver B direction #2




MHansuver performed at 15:30:07 GHMT on

9 June 1998

Arce lerat ion Manasuver on Juniper HLE 201

Executed with an initial speed of 0 Knots both engines

EWVENT TIHE HEAZSURE
TIHE to FULL EPEED 134.00 Zeconds
DISTANCE to FULL SPEED 805 .48 Yards

Time and Distance calculations are bassed on the following:
The USER PLACED MARK at 15:40:08 GMT

ard
The USER PLACED MARE at 15:42:22 GHT

Table A-32, Acceleration Maneuver B direction #2




...

Scale 1.0 EKts Diw

9 Jure 1998

15:51:28
ABcoelerat ion
Haneuwver & E{i}

0 Ruddar ’
at 0.0 Kts
Ueloc ity P1E
Flot Center:

41 20.8 H

TL 15.1 H

Uartical

Haorizontal Scale 10.0 E/Diw

Figure A-33, Acceleration Maneuver A direction #3




Hafneuwwer performed at 15:51:28 GHT on

9 June L9998

Accelerat ion Manouver on Junipar HLE 201

Exgcuted with an initial speed of 0 Knots both engines

EUVEMNT TIHE HEAS UIRE
TIME to FULL EFPEED 118,00 Seconds
DISTAMNCE ta FULL SPEED 66D, 43 Yarcds

Tine and Distance calculations are based on the following:
The USER PLACED MARK at 15:53:09% GHT

arl
The USER PLACED HARK at 15:55:07 GHT

Table A-33, Acceleration Maneuver A direction #3




tcale 1.0 Kts/Diw

9 Jurve 1998
15:16:43
Decelerat ion
Harmneuver W 3{5\)
0 Pudder
at D.0 EKt=
UVelocitiy PLE
Flot Carntear:
41 1.2 W
71 15.8 H

Uartical

Horizontal 3Scale 10.0 35D 1w

Figure A-34, Deceleration Maneuver B direction #1




Haneuver perforeed at 13:16:43 GHT on

¥ Jurve 1998

Dece lerat ion MHaneuwer on Juniper HLE 201
Exaecuted with an initial speed of D Knots both enaines

EUEMNT

TIHE to FULL ETOP
DISTANCE to FULL 3TOP

TIHE HEARSURE

- ——— e S S e S

98 .00 IXeconds
443 .42 Yards

Time and Distance calculations are based on the followina:

Tha WEER PLACED MHARK at
s
Tha USER PLACED HARK at

153470 GHT

LIZ1E: 42 GHMT

Table A-34, Deceleration Maneuver B direction #1




Scale 1.0 Kts/Diw

9 Jurne 1L99E
15:239:53
Deceleration
Hanouwuwoar # Eﬂij
0 Pudder
at 15.8 Ki=
Uslocitu Fl1t
Plot Centar:
41 21.&6 H
L 16.0 H

Uertical

Horizontal Scale 10.0 £ADiw

Figure A-35, Deceleration Maneuver A direction #1




Haneuver performed at L3:29:53 GHT on

9 June 1998

Decelerat ion Hanewser an Juniper HLEB 201

Exacuted with an initial spesed of 15 Knots both enaines

EUVENT TIHE HEAS URE
TIME to FULL ESTOP 84.00 Seconds
DIZTANCE to FULL STOP 425 .84 Yards

Tine and Distance calculations are based omn the Tollowinad
The UEER PLACED HARK at 15:30:20 GHT

ard
Tha USER PLACED HAaRK at 15:31:449 GHT

Table A-35, Deceleration Maneuver B direction #1




e

Zcale 1.0 Kits Diwv

9 June 1998
15:44: 21
Decelerat iom
Honewuwrar @ ?{E}
0 BRuddar
at 16.0 Kts
Uglocity PLE
Flot Center:
4l Z1.2 H
Tl 15.5 H

Uartical

Horizontal Scale LD.0D S3/Diw

Figure A-36, Deceleration Maneuver B direction #2




Hanauuver perforned at 15:44:21 GHT on

9 Jurne 1998

Dece lerat ion Haneuwver on Juniper HLE 201
Exacuted with an initial speed of 16 Enots both engines

ELVENT

TIHE to FULL STOP
DISTAMCE to FULL STOP

TIHE HERZURE

I s e e e

89,00 Feconds
A18 .68 Yards

Time and Distance calculations are based on the fiol lowino:

Tha USER FLACED HARK at

ared

LFI Q520 GHT

The UEER PLACED MARK at 15:46:49 GHT

Table A-36, Deceleration Maneuver B direction #2




A-74



