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INTRVDUCT ION

The USS PLYMOUTIH ROCK (LSD 29) is a high speed steam-
turbine twin-screw, twin rudder dock ship built by the Ingalls
Shipbuilding Corporation, Pascagoula, Mississippi.

The tactical trials were authorized by the Bureau of
Ships (l)*, and were conducted on 23, 24, and 25 September 1955,
off Rockland Maine. The tactical data were obtained by staff
members of tAe Taylor Model Basin. The analysis of the data
was prepared by M. Rosenblatt and Son, New York, New York, under
Task Order 5, Contract NObs-50125. The results of the analysis
are reproduced herein in the form of curves giving informaticn on
the turning characteristics of the PLYMOUTH ROCK. The ship
dimensions and average conditions during the trials are listed
in Table 1. Figure 1 shows the rudder and propeller locations
for the PLYMOUTH ROCK.

MFTHDS AID FROCFDURFS

Standard 540 degree turns were made using various
approach speeds and rudder angles. Special turns were made
while backing the inboard shaft. All turns were made with right
rudder except for two check left turns.

Acceleration runs were made to determine the relation-
ship between time, speed and reach. Other runs were made to
determine the relationship of the above quantities in decelerating
from several speeds with varying throttle settings. During the
acceleration and deceleration runs the throttles were manipulated
to change the RPM as rapidly as permissible, either ahead or
astern without reducing the main steam line pressure at the
throttles below the minimum established operating pressure.
Special deceleration runs were made with five second and ten
second delays between closing the ahead throttle and opening the
astern throttle.

The path of the ship was plotted by triangulation from
two shore stations, one of which was located on Rockland Break-
water and the other 3270 yards away on Owls Head. The time
required to change heading was recorded from the ship's gyro
compass and the angles of heel1 were measured from the ship's
inclinometer.

* Numbers in parenthesis indicate references on page 3.
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All data refer to the foremast position which is located
83.5 feet aft of the forward perpendicular. All data concerning
the paths traveled by the ship have been corrected for combined
wind and stream drifts which varied from 0.2 to 0.8 knots.

PRESENTATION OF TRIAL RESULTS

Faired curves of tactical diameter advance, and
transfer plotted against speed at various rudder angles are
shown in Figure 2. Faired plots of the ship's turning paths
are shown in Figures 3 through 7. These plots are presented in
a manner to show a comparison of the effect of rudder angle.
At the bottom of each of these plots is a tabulation of the
speed in the turn, time to change heading, advance, transfer,
and tactical diameter for the rudder angles and approach speed
indicated. Figures 8 through 11 show the time required to
change heading at various speeds and rudder angles. The maximum
angles of heel at various speeds and rudder angles are given on
Figure 12. On Figure 13 the results of three runs decelerating
from 20 to 0 knots with various time delays in opening the astern
throttles are presented. Figures 14, 15 and 16 are shown to
present more detailed information on these time-delayed crash
stop runs. Curves showing the relationship of time, speed, and
reach for other acceleration and deceleration runs are presented
in Figures 17 through 22.

DISCUSSION OF TRIAL RESULTS

An abnormal rudder rate of approximately 0.5 degrees/
second was measured when laying the rudders to any desired angle
from midship. When the rudders were eased to zero, or reversed
during the special zig-zag tests, a rate of about 2.3 degrees/
second was observed. The helmsman rotated the steering wheel at
a normal rate for each maneuver therefore, it is assumed that
the low rate was caused by a malfunction in the steering gear.
The rudders, being essentially an unbalanced type, assisted the
steering gear when returning to zero, producing a more normal
rate.

It will be noted from Figure 13 that the reach for
nominal time delays in opening the astern throttles of zero and
ten seconds was 7.4 ship lengths, while for a nominal five
second delay it was 6.9 ship lengths. From Figures 14, 15, and
16 it is evident that the astern throttles were not opened until
a considerable period of time had expired after the "Execute."
Actual times for opening the astern throttles were 16 seconds,
22 seconds and 26 seconds. The ship performance during these
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runs will be discussed in more detail in a forthcoming report
on turbine performance, since they are considered to be of
primary interest in that connection.

The turning characteristics of the PLYMOUTH ROCK were
approximately the same in either a right or left turn.

CONCLUS IONS

The curves shown in Figure 2 indicate that the turning
characteristics of the PLYMOUTH ROCK follow the normal pattern;
namely, the tactical diameter, advance, and transfer increase
with an increase in speed and decrease with an increase in rudder
angle.

The abnormal ruddez rate encountered undoubtedly had
an effect on the turning characteristics although it would be
somewhat difficult to determine how much. In particular the
advance, as determined from the turns, appears to be excessive
when compared with that for somewhat similar ships.

REFERENCES

(1) BuShips Instruction 9080 Ser 436-170 of 10 Jun 1955.
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TABLE 1

USS PLYMOUTH ROCK (LSD 29)

Ship Dimensions

Length over-all (LOA) 510.0 feet.

Length between perpendiculars (LBP) 500.0 feet

Beam (extreme) 84.0 feet

Budder Area (per rudder) 134 square feet

Trial Conditions

Displacement 9,280 tons

Trim by the Stern 3 inches

Draft (mean) 15.3 feet

I
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Figure 1I Stern Profile and Section of USS PLYMOUTH ROCK
(LSD 29) Showing Rudder and Propeller Arrange-
ments,.



-6

11

400

w

II
200

SPE I KNOTS

Figure ~ ~ I 2T 1 uvsotTcia 1)imtr daceadTasefor~ ''IS ILMOT iOC ILD2)

I~ TII



-- --

I'
90 CA

IN DKIRE& IN YARDS IN YADSIN YRS I EONSI NT

-- ~~~~-- 7' ._- _ -i -
_______________ ~ 26 3~. 6 tit_

__AL____ 5 30G 12L 3~i 56~ 5.L5+
0 _ _ _ _ _ _ _T .I A ...... J .5 3 T

FiuO 315 RUDE Plots ti ardTrigCice h S

PLM60RC0LS 9 iha Apoc pe

50080Knt'U.g 5,2,_n_3 ege
Ru de Angles.00CHNG

35ve 1 IN -H A

400 4,-.



900DD AGE tATCLDA TR ADAC ANP E TO CHANGE ESNG SEC NTm

I_ - z I I I

Rudde Angles.NGL



IT

1 H___ EA __ IN 1 --190 180

2~ ____.G - It 81. 2

Fiue loso Fie Trig icesfrthZS

Rudde Angles.LE U



,TRANSFER,77a 7d 7

90 C +?O

4 -1

~~35 ~ 1 __ 14 1 1

Fiue66Pot0fFie0TrigCrle o h S
LYOTH TOC TLD2)Wt nApoc pe

o00 4 4 nosUig 0 5 2,ad35Dge
Rudde Angles.

. . .. . .. ...



-+ I

44

41 I

70* +8 7 __ _ _ _

T 510 24 8 14 7

*~~BD H '4~~ f 00 8 2
M5 ____ 210 *3+16 14

r5 t 3 0-, 220 'It +t64 2F 2I

F6 ue7wPoso ardTunn ice o h S
PLMUHRC LS 9 iha Apoc pe

BackEIN A 2/3 n aknul



- - 12-
00

4004

300 # M V

400

a APPROADEGREES
S 400 0 22 2

Figue 8 Cuves f Cangeof Hadig fo US PLYOU0
ROCK(LSD29) ith pprach p~'es o38.0
114.0, 2.0 ad 2~C Kots sing10 Dg0e
BudderAngle



900TIET 
CHNEHAIGt

..6. .. ..

RUDR00LE5 4f

800 , 111 V i

Goo

10+

. ... .... ...

0i-i
# t 1 s s s s 2

Figure. 9 .Cuve o. Chng o. .edn .o .S .PLYMO..U..H..
ROC 4 (tD2)Wt prac p'd f8

14.0 20 an 24. Knts Uing1~ Dgre
Rudde A i.....



- -14

900

Soo

900

04

Goo ~ 6 i 2 2 2

Figur 20 Cures o Chage oVHeadng .r..S.....O..

ROCK~~~~~~~CAG IND2)WthApoc ped r80
1I+., 200 ad 2~.0 Kot-Usin ~Degree

Rudoonge



g o o1 
-4

TIETOCANEHEDN

RUDE NGEL5

700 R 410

goo

400

07
S 0 4 I IS 0 22 24 0

Figur 11 Cures o Chage o Heaing or US PLMOUT
ROCK(LSD29) ith pproc Seedsof 80,

~~~~FP 200 adISOKosUin 5Dge
Rudder-- Angle.---



- - 16 -

MAXIMUM ANGLE OF HEEL ..

4i

J I 1 11111111 II 11 4

I0 0 In 24° IKno.............

.. . . . . . . . . . . . . . . . . . . . . .

.. . . . . . . . . . . . .. . . . . . . . . . . .

a

4

X

0

1Z

.him APPROACH SPEED, KNOTS
S IC Q 14 4 is at 2 4

Figure 12 -Curves or Maximum Angle of Heel for USS PLYMOUTH
ROCK (LSD 29) With Approach Speeds of 8.0, is..0,
20.0, and 24.0 Knots.
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Figure 17 - Curves of Deceleration for USS PLYMOUTH ROCK
(LED 29) With Approach Speeds of 17.0 and 20.0
Knots Using Astern Steam Pressure of 0 PSIG.
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Figure 15 - Curves of Deceleration for USS PLYMOUTH ROCK
(LED 29) With Approach Speeds of 20.0 and 24.0
Knots Using Astern Steam Pressures of 400 and
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Figure 1- Curves of Deceleration for US PLYMOUTH ROCK

(LD 29) With Approach Speeds of 2.0 and 2.0
Knots Using Astern Steam rssure of 5705 PIG.
Repeat Runs.
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Figure 209 Curves of Deceleration for 1155 PLYMOUTH ROCK
(LD 29) With Approach Speeds of 14.0 and 17.0
Knots Using Astern Steam Pressure of 2705 PSIG.
Repeat Runs.
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