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INTRODUCTION

Since no completely satisfactory means for measuring the torque
applied to the rudder of naval vessels is available, the following
proposal outlines a study aimed at developing a useable method. 1In the

past attempts have been made to measure torque on the rudder stock of

DLG 27 (Josephus Daniels). These results are suspect because of the

high bending stresses which are present. The conventional method of
measuring torque has been to record the pressure in the hydraulic rams
which can then be converted to torque. If the efficiency of torque trans-
mission were known the hydraulic pressure would give accurate information.
However, the efficiency of torque transmission is not accurately known;

thus the data derived from ram pressure is inaccurate.

STUDY PLAN

In order to find a solution to this dilemma, it is proposed to
make a study of several possible ways of solving the problem, to recommend
one method, and to suggest suitable instrumentation for making the
measurements. Specifically the study would consider means for direct
rudder troque measurement on the Western Gear Company's electro-hydraulic
steering gear Model SHRE-9.25 or its Hyde Windlass counterpart. In all
cases the goal is to measure torque applied to the rudder with an accuracy
of 1%, to have instrumentation as simple as possible, to have at least

six months useful life for the instruments, and to maintain present safety



and design standards for the steering system. The study would include at
least the following steps.

1. The first step is to make a stress analysis of the rudder
tiller in order to determine whether a torque determination is possible
by measuring the stresses in the existing tiller. The use of the
existing tiller is desirable from a number of viewpoints. If sufficiently
accurate measurements can be made by strain gages or other transducer, this
would be the most satisfactory means of meeting the above goals.

2. The second step is to consider redesigning the tiller to
make it more suitable for making torque measurements. This chiefly means
providing a location on the tiller with a fairly high stress range and where
the stress will vary linearly with torque. As indicated above this
design must not compromise the safety of the ship.

3. The third step is to consider inserting a long rod in the
center of the bored stock. This rod would be fastened securely at the
lower end. The chief advantage of this system is that it would have large
angular deflections at the top of the stock which is accessible. The
system also has several disadvantages, but by careful design it may be
possible to eliminate these. It seems that this system is good enough
to be worth considering. Torque transients and vibratory effects would have
to be carefully considered.

4. A fourth step is the investigation of the problems of applying
strain gages to the rudder stock. Since data has already been obtained,
by this method, the study is essentially an investigation of the possible

errors in the existing data. 1In particular consideration will be given to



the effects of high bending stresses on the accuracy of the torsional

stress measurements.
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BUDGET

Salaries and Wages (including staff benefits)

Project Director, G. L. West, Jr.
Assistant Professor (full time, 2 mos.)
Research Assistant (full time, 2 mos.)

Total Salaries and Wages

Indirect Costs @ 46% on personnel
(Predetermined fixed)

Computer Costs (IBM 7090)

Report Costs

Total Estimated Cost

NC
2,200

1,000

3,200

1,470
400

100

$ 5,170
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