
2007 CARGO SHIP CHALLENGE

Sponsored by
The Maryland Association of Appraisers

PERFORMANCE COMPETITION DATE: Saturday, April 21, 2007
WRITTEN REPORT DUE BY: Friday, April 6, 2007

AGE/GRADE GROUP: Grades 9-12
TEAM SIZE:  up to 8 Students

CHALLENGE PROBLEM
Design, develop, build and demonstrate a radio-controlled scale model of a
ship intended to economically carry containerized cargo over an ocean route. The model will be required to
demonstrate its cargo capacity and fully loaded performance by carrying scale containers over a course in the Inner
Harbor.

DETAILED SPECIFICATIONS AND CHALLENGE JUDGING GUIDELINES
The competition involves five main components: 1) a written report submitted two weeks prior to the actual
competition, 2) an oral report on the day of the competition, 3) the actual design and construction of the entry, 4) the
reliability of the entry, and 5) the demonstrated performance. Basic requirements for the reports and guidance on
preparing for the competition are given in the High School Guide to Entry, which should be read in connection with
these details, which are specific to the Cargo Ship Challenge.

 

I.     WRITTEN REPORT AND DRAWINGS Competition value:  30 points
This report should present and explain all facets of the design and the rationale for selecting specific design
parameters and selecting/rejecting individual features.  For example, why was the overall length/waterline
length/beam/draft/underwater shape/propulsion system chosen? What alternative designs were rejected, and why?
What testing was performed, and what were the results?

II.    ORAL REPORT Competition value:  5 points
This is a 10-minute presentation by one or more of the members of the group, summarizing the contents of the
written report. It will be followed by 5 minutes of questions from the judges.

III.   DESIGN AND FABRICATION Competition value:  30 points



Any mono-hull design is acceptable, and the hull may be constructed of any rigid material. The boats
do get banged around a bit, so ability to withstand minor collisions is a worthwhile consideration - as
is the watertight integrity and cushioning of the radio receiver/battery compartment. Propulsion is to
be provided by one or two specified electric motors operating at no more than 12 volts (nominal).
Motors for all entrants are available from Baltimore County Schools Supervisor of Technical
Education. Running gear (propeller and propeller shaft and stuffing tube or other propulsion) may be
purchased from any source. A standard multi-channel radio control unit functioning in the R/C band
must be used, capable of controlling at least engine speed, forward/ reverse, and rudder.

 The model must be scaled 1"=10'0"  (1:120) and conform to these basic specifications:

 The sum of the overall length (L) and beam (B) shall not exceed 660 feet (66 inches).
Appendages such as rudders are not included in these limits, so long as they are reasonable and
necessary to the proper functioning of the vessel. The ratio of length to beam must be in the range
3:1 to 6:1.

 No part of the vessel may extend more than 50 feet (5 inches) below the surface of the water.
 The vessel must be marked with a maximum load line that is at least 30 feet (3 inches) below the

deck edge measured amidships.
 The design need not include a full-length deck; containers can (and for stability should) be

stacked continuously up from the keel and may extend above the gunwales (upper edges of the
hull), provided they are at least 1 inch below the bridge deck (after all, the bridge crew must be
able to see where the ship is going!).

 The vessel must have a deckhouse that occupies at least 5% of the hull overall length. This
deckhouse must extend at least 50 feet (5) inches) above the gunwales and at least 10 feet (1 inch)
above the top layer of cargo. No cargo may be loaded in way of the deckhouse.

 At least 15% of the length of the hull must be free of cargo. This space may be split between the
deckhouse and the forecastle and may be used for machinery and/or electronics and battery
access.

 The model cargo containers that are to be used are 1 inch high x 1 inch wide x 4 inches (full size)
or 2 inches (half size). Just as in the real world, their weight will vary - between 1 and 3 ounces
for the full size container. Single large pieces of wood representing multiple containers (i.e. the
dimensions are multiples of individual container dimensions, such as 1”x12”x16”) are allowable
to speed up loading.  All containers must be provided by the respective teams.

 The vessel must have adequate stability when fully loaded. This is important – and trickier than it
seems!  Test it before the challenge date! Stability may be demonstrated by:
 Calculating metacentric height  (GM) in excess of 7.5 feet (3/4 inch) by placing a one pound

weight 4 inches either side of the centerline and showing no more than 3 degrees of heel,  OR
 Having a roll period (left - right - back again) of less than 2 seconds.

 Vessels must be painted or marked for identification - and the quality of workmanship and finish
is a factor in judging! The judges expect the model to look like a ship. Failure to adhere to these
requirements will result in the loss of a significant number of points.

 Each team should provide a floor stand for its ship model, high enough to permit working on its
entry during the challenge (the table space available in previous years cannot be guaranteed).

IV. RELIABILITY
Competition

value: 5 points

Reliability is the result of both design and construction. Each team will be evaluated on the reliability
of their entry as observed by judges during the performance demonstration. Such
 factors as the number of failures, the severity (with respect to their effect on the entry's ability to
complete the demonstration), and the total time to repair them, will be judged.

V.   PERFORMANCE DEMONSTRATION
Competition

value:  30 points



Upon arrival at the competition site and after the judges’ examination of their entry, each team must develop a load
plan to carry as much cargo as possible without exceeding the load line, height above deck, allowable cargo
space, or stability limits. Once loaded, each cargo ship will perform a timed run consisting of getting underway
from a wharf, running a figure eight course around buoys, and maneuvering back alongside the wharf. The goal
will be to have the minimum freight rate, which is determined by the following formula:

Freight Rate =  [(Fixed Costs) + (Operating Costs)] / (Cargo Carried x Distance Traveled)
Where:  Fixed Costs = Length  x  Width x  Draft Loaded x  $10

Operating Costs =  time to run course in seconds x  $200 per second x no. of propulsion motors 
Cargo Carried =  total number of full-sized containers (or equivalent half-sized)
Distance Traveled  =  length of course in feet

In evaluating the various trade-offs that must be made during the design phase, keep in mind that the course will be a
few hundred feet long, and will be in the Inner Harbor and subject to whatever weather Mother Nature decides
to serve up, not a swimming pool or test tank – remember the objective was to model a vessel to reliably
transport cargo over a long distance in the open ocean. Maneuverability that is adequate to get underway and
moor within a reasonable period of time is essential, but the key is to carry the greatest number of containers
the fastest.
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