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OVERVIEW

The school tour of the Kalmar Nyckel and her shipyard covers the following areas:
- why the settlement took place;
- history of the voyage and settlement of New Sweden;
- construction of the Kalmar Nyckel,
- operation of the Kalmar Nyckel (navigation, sailing, equipment);
- the life of a 17th century sailor.

The Kalmar Nyckel school tour covers many of Delaware’s Curriculum Siandards. The
following list addresses the grades 4 - 5 standards specifically covered in each tour. 'Fhis
list is not exclusive, and while it targets fourth grade (because it is the grade which covers
Delaware’s history), the tour content is adaptable to the full range of grades.

Social Sciences
Economics Standard 1: Competition by Swedish, Dutch and English settlers to purchase
beaver pelts from the Native Amencans drove up prices and broke the market; issues of’

supply and demand, market access and government intervention.

Geography Standard 1: Maps of the New Sweden colony and settlements, as well as the
routes of the original voyage are covered.

Geography Standard 2: The climate of Delaware and suitability for tobacco cultivation
and food production helped draw the settlers to Delaware.

Geography Standard 3. The specific landing spot on the Christina River was on a Native
American trade route for access to beaver pelt supplies.

History Standard 1. The tour covers the chronology of and reasons for the original
colonization. .~

History Standard 3: The viewpoints of the Swedish, Dutch and Native Americans
~ involved are contrasted.

History Standard 4: The tour focuses mainly on the Exploration and Settlement phase.



Mathematics

Mathematics Standard 5: Navigation is based on measurements of time, speed and
distance.

Science

Science as Inquiry Standard 1-3: The tools used for navigational measurement greatly
enhanced mariners ability to know where they were and get where they were going.

Science, Technology and Society Standard 1-2, 1-3: Technological innovations in
marine design, operations and navigation greatly influenced the European settling of the
New World.

Changes in Materials Standard 2-2: The hull, sails and ngging of the Kalmar Nyckel are
greatly affected by water and sunlight.

Material Technology Standard 2-1: Construction materials used for the current Kalmar
Nyckel differ from those of the original due to technological improvements.

Forms/Sources of Energy Standards 3-4, 3-5: Sailing ships directly relate to these
standards.

The remainder of this packet contains information on the Kalmar Nickel’s history,
construction, equipment, operation and life at sea. A glossary of pertinent terms is
appended.
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WOOD USED IN THE CONSTRUCTION OF THE KALMAR NYCKEL

TROPICAL HARDWOODS

1.

2

6.
7

9.

10,

11.

12.

13.

PURPLEHEART - DEADWOOD & LOWER FRAME FUTTOCKS.

GREENHART - KEEL

COURBARIL (LOCUST) - UPPER FRAME FUTTOCKS & LOWER HULL
PLANKING.

BLACK CABBAGE BARK - LOWER FRAME, DEADWOOD & TRANSOM
FRAME.

BILLY WEBB - LOWER FRAME FUTTOCKS, TRANSOM FRAME &
INNER STERNPOST.

CORTEZ - SUB KEEL, STERNPOST, & STERNPOST APRON.

. MORA - LOWER FRAME FUTTOCKS.

SAPODILLA - LOWER FRAME FUTTOCKS.

NATIVE NORTH AMERICAN WOODS

LONG LEAF YELLOW PINE - STANCHIONS & BELOW-DECK FRAMING.

DOUGLAS FIR - DECK BEAMS, DECK PLANKING, CLAMPS &
STRINGERS, HOLD, FLAT DECK, & SPARS.

SITKA SPRUCE - SPARS (UPPER)

JUNIPER (ATLANTIC WHITE CEDAR) - BULWARK & UPPER HULL
PLANKING.

HACKAMATACK (LARCH or TAMARACK) - KNEES (see glossary)



THE KALMAR NYCKEL BLACKSMITH SHOP

Thousands of pieces of the hardware on the Kalmar Nyckel were made in the shipyard’s
blacksmith shop. Using a forge fueled by soft bituminous coal, Kelly Smyth used
historically accurate methods from the 17th century to form items such as hinges, cannon
hardware, pins to hold together frames and hooks for the rigging.

Some facts on 17th century blacksmithing:

Temperature of the metal: Actual temperature means nothing to the smith while they are
working. Understanding colors tells what can be done; for instance, if the shape needs a
dramatic change, a high yellow (very hot) is best but orange might be too cold. Red is
suitable for straightening and smoothing a surface; welding heat is white.

White: 2800 - 3000F
Welding heat

Yellow: 1800 - 2800F
Major shaping heat

Orange: 1200 - 1800F
Minor Shaping heat

Red: 800 - 1200F
Straighteming and smoothing

Two basic shaping processes:
. Drawing down - hammering to stretch material longer and thinner
. Upsetting - thickening material
i ol
Fuel: Soft or bituminous coal (coal processed to coke in the fire by partial burning), not to
be confused with hard or anthracite coal.
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A Visit To The KATL. MAR NYCKFEL Sail Loft

How many sails has KATIMAR NYCKEL? Can you identify them?

KALMAR NYCKEL has 8 sails. Starting with the after end of the vessel and working
forward they are, Lateen sail (lower), Mizzen Topsail (upper), Mainsail (lower), Main
Topsail, (upper), Foresail (lower) , Fore Topsail (upper), Spritsail and Spritsail Topsail.

KALMAR NYCKEL’s Lateen, Mainsail and Foresail will also carry a “bonnet.”
Identify and explain the use of the bonnet.

A bonnet was the 17th century answer to modern day ‘reef bands”, It was laced to the
bottom of the sail in a process called latching,( similar to a crochet stitch known as a
daisy chain) when the line is pulled the latching releases the bonnet, thus reducing sail.

What materials can be found in KALMAR NYCKEL’S sails?

The Sail cloth is made from a synthetic canvas, trade name Qceanus, developed by North
Cloth using DuPont polyester fibers. KALMAR NYCKEL will use 2 weights of cloth, 15
oz (heavier) preferred for working sails in normal to heavier winds, and 10 oz. (lighter)
for use in light winds. The thread is Dacron and the Bolt Rope is Roblon

Why are the sails constructed from panels of cloth only 20 inches wide?

In the 17th century, sail canvas would have been hand loomed in approximately 20 inch
widths. KALMAR NYCKEL is using the traditional narrow panels as a matter of
authenticity.

Describe the process of lofting a sail ?

The sail maker uses the measurements on the sail plan, making allowances for stretch
(take up) and rablings (hems). Next he plots the shape of the sail on the loft floor and
uses a black string for the outline. The sail is “lofied” next: the sail cloth is rolled out on
the outline and cut into panels. Panels are overlapped at the seams. All seams are
“ticked” (marked so tkat seams can be matched correctly) and numbered.

Ll
The large square sails for the KALMAR NYCKEL cannot be lofted in one piece but are
lofted one half at a time. Next, the panels are seamed together using a heavy duty
commercial zig zag (for added strength) sewing machine. The seamed panels are then
returned to the floor to have their finished lines and tablings marked. Tablings, linings,
reinforcements and all other machine work is then completed Sails are now ready for
handwork.



SIMPLE MACHINES ONBOARD

There were no electric or hydraulic powered winches onboard the original Kalmar Nyckel.
Like the original, the current Kalmar Nyckel relies on human powered simple machines
and teamwork to accomplish tasks needing a great deal of force. These simple machines
use basic concepts of mechanical advantage to multiply the power of the sailors.

The windlass and capstan are human powered winches. Sailors use long poles to turn
them. Lines from the anchors or yards are wrapped around and turn with them.

Block and tackle (pronounced “taykul”) are pulley and line systems which trade weight
and distance to lift very heavy objects or pull lines against wind resistance.

3

The whipstafT is used to steer the ship (the original Kalmar Nyckel was built before ships
wheels were in use. It allows the crewmember, by moving the tiller from side to side, to
control the rudder.

Cannon are in essence simple tools which channel and direct the energy of rapidly
expanding gasses. There are currently six onboard the Kalmar Nyckel. In the 17th century
they provided a means of defence; today they are used for ceremony and show (we fire
blanks). :

Navigation tools range from the very simple (lead lines to measure depth) to the more
complex (satellite navigation equipment).
e

L~
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LIKE all other engines employed upon sailing ships, the whipstaff
was an evolution from the simple transverse tiller of early days, Im-
mediately the changes wrought by moving the rudder from side to
stern were accomplished, the erectdon of an after castle and its speedy
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RIGGING

Rigging - A general term for all of the ropes, chains and gear used for
supporting and operating masts, yards, booms, gaffs and sails. Rigging is of
two kinds, standing rigging and running rigging.

Standing Rigging - Semipermanent rigging which acts chiefly to support
the masts; that is shrouds, stays, backstays, and so on. When once in
position these are not moved except when they require adjustment or
renewal. Yards, gaffs and booms have some standing rigging for their
support, or for other purposes. Standing rigging on the KN is made up of
rope that is a polyblend consisting of polyester and polypropylene covered
yarns over core yarns. Its high tenacity gives greater strength than
standard poly-pro rope. This product Polyplus® is made in the US and was
chosen over traditional hemp because there is little stretch, it is less
expensive, light in weight, stronger, more durable and meets every other
requirement. The rope used in KALMAR NYCKEL's standing rigging is
bathed in a synthetic tar, not only to protect it, but to create an authentic

appearance.

Running Rigging -~ used to raise, lower and maneuver sails for the purpose
of controlling the ship's movement. The rope used in the running rigging
on KN has the trade name Roblon and is manufactured in Denmark. Itis
specially designed and made from polypropylene film yarns. Roblon is 3
strand, UV stabilized and is resistant to acids, alkalis and sunlight. It is the
rope of choice because of its traditional hemplike appearance, strength,
durability, stretch factor and ease of handling and general all around
performance.

Once rope has been’cut from the coil it is referred to as a line. Lines are
maneuvered through blocks of assorted shapes and sizes as determined
by the task they must perform. The blocks on KN will number over 300
and have such names as euphores, bulleyes, deadeyes, fiddle blocks and
hearts. These blocks are hand made from South American Locust
(courbaril) and the sheaves are made from phenolic resin. The pins are
purpleheart.
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7 Strongback
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Life On Board A 17th Century Ship

Food Sailors had no way to keep their food fresh while on board ship. Dried or salted
beef, pork, and fish were the sailor's main foods. This meat was kept in large salt barrels in
the ship's hold. The sailors also brought live animals, such as pigs, chickens and goats, for
fresh meat and milk. Along with their meat, they would also eat hard biscuits, dried beans,
peas and onions. Because most fresh vegetables would rot if kept on board, they were
generally not a part of the sailor's diet. In fair weather the ship's cook would prepare a hot
meal in the ship's galley each day.

Drink Water spoiled quickly, so beer was the main drink on the ship. In addition, sailors
collected rain water in large barrels during storms, to drink later.

Sleep Most of the crew slept on deck or between decks. They commonly used small
mattresses which could be rolled up easily and stowed away. Each officer and some crew
members usually had sea chests in which to store personal items. The ship's captain and
first mate had small sleeping quarters of their own on the main deck.

Sanpitation Baths were taken only one or two times a year. The "toilets” were located at
the forward end of the ship and were called the "head". They were simply an opening
which emptied into the ocean.

Daily Routine Decks were probably scrubbed with salt water every morning around 5am.
This kept them clean, stopped the wood from rotting and prevented the decks from drying
out and shrinking. It was necessary to keep a careful eye on the weather, the ship's
direction and the ship's sails and rigging. A sailor knew every rope and it's purpose. The

rigging required constant repair or replacement. Pitch was used to seal seams in the ship
and pine tar was used to protect the rigging from the weather. Since all ships leaked, they
needed to be pumped out periodically.

Entertainment Life was rough and often boring on sea voyages that lasted for months or
even years. There was often a daily religious service. Sailors who could read often did so
for their friends. Games and handicrafts were also a means of passing time. Sailors created
carvings of wood, bone or ivory. Simple instruments were often played , and the crew
would join in with songs and dances.

Punishment While at sea, the captain was in charge of the ship, and could punish a crew
member in a number of ways. Crew members might be whipped, given less food or drink,
or be locked up in a dark area below decks called the "hold". A sailor could also be left on
a deserted island in response to a very serious crime.
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Navigation For many years astronomers had studied and mapped the stars in the sky. The
captain navigated by using this information, and particularly using the North Star to
determine latitude. A very simple compass was used to find direction. Since clocks did not
work well at sea, sailors used an hour glass to measure time.

Dangers At sea, many suffered from accidents, falls and lack of food. Falling overboard
was almost always fatal because few sailors knew how to swim. Lightning was also a
constant threat and could result in electrocution. The lack of fresh vegetables and fruit in a
sailor's diet caused a sickness known as Scurvy. On the long voyages, thus illness killed
one out of every five sailors.

There were other dangers at sea,, such as storms, pirates, sharks, shipwrecks, enemy ships
and fires. Since few vessels survived a fire, a ship's cook had to be very careful. Rats, ants
and roaches were ofien everywhere,

Many dangers also existed on shore, such as mosquitoes, alligators, unfriendly natives,
piranha fish and other predatory animals. Also, many deadly diseases could be caught at a
seaport.



Suggested Pre-Visit Activities

- Review the trans-Atlantic routes taken by the Kalmar Nyckel and other colonial ships
Prevailing trade winds, plus the fact that square rigged ships are designed to sall
downwind, led to the clockwise round-trip voyages across the Atlantic: a southerly
westbound leg and a northerly eastbound return. Locate Kaliar, Gothenburg, Jamesiown
and Wilmington on maps.

- Create a time line to place 1638 in perspective with other European arrivals in North
America. Some suggested dates:

- 900-1000 AD Lief Ericson/Vikings

- 1492 Columbus

- 1609 ‘ Jamestown Scttlement

- 1621 _ Mayflower/Puritans

- 1632 Dutch colony at Zwaanendael (Lewes)

- other dates about which the students are learning

- - Discuss the trade goods exchanged between the Europeans and Native Americans: cloth,
pots and metal implcments for beavcr pelts and use of land.

- Swedes and Finns mtroduced the log, cabm to North America. Students can build models
from toothplcks

. Blog,raphlcal sketches of fig ,g,ures such as Peter Minuet and Governor Printz.

.,‘ .4\-. ."- LEE K - :
b 1

. Idennf'y the names of the salls on the llne drawing.

- Using current maps 1demlfy places/towns/streets named after colonial figures.
- - Review the attached glossary of terms.

'_ - - Review the attached “fill in the blank™ worksheet.

Cn R R



GLOSSARY OF TERMS

Belay
Below

Block

Bow

Chart

Forward

Frame

Galley
Hatch

Log
Na\'figatiqn

Port

-
=
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To tie off a rope on a cleat or belaying pin; also to stop amd activiiy.
Downstairs on a ship (below the main deck, inside, downward).

A mechanism consisting of one or more grooved sheaves (pulleys),
housed by a shell, that 1s used to transmit power or direction of motian
by means of a rape passing around the sheave.

The front of the ship.

A drawing of Waters and their surrounding shores to be used in navigation
(like a map, but for the water).
. [

Towards thebow. g e p o 0t

The ribs of the hull of the vessel, extending from the keel (backbone) to the
deck. -

The sailor’s name for the kitchen on a ship.

Ah opening in the deck of a ship.

The written record of ship’s activities.

Tl}é scieﬂce of aetefnﬁning a ship’s position and plotting her course.

L
)

When looking forward, the left side of a ship.



Al ol'the rope and gear that supports and serves to aperate the masts,

Rigging
yards and sails of a ship.
Rudder A flat fin-like board connected to the ship underwater at the stern used
to steer.
Spar The name for any pole on a ship.
Starboard  When looking forward, the right-hand side of the ship.
Stern The back of the ship.
Square-rigged Rigged so that the sails are from side to side along when lowered,
the opposite of fore-and-aft ngged.
Tiller A lever fitted to the rudder afi and steering mechanisim forward. Kalinar

Nyckel is steered by a whipstall, a shorter lever that extends through the
deck to the helmsman station. The tiller and whipstaff turn the rudder,
which controls the direction of the ship.



Kalmar Nyckel Foundation
Tour Evaluation
Thank you for visiting the Kalmar Nyckel Shipyard for a tour. Please help

us by filling out this brief evaluationr. with your constructive comments.

1. What was your favorite part of the tour or the favorite spot you
visited and why?

2. What would you like to know about the ship that you did not learn
during your tour?

3. What did you think about the length of the tour?

4. What improvements would you like to see, if any?
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Kalmar Nyckel
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PARENT CONSENT FORM AND LIABILITY WAIVER M

DATE OF TOUR

NAME OF PARTICIPANT

PARENT OR GUARDIAN

HOME PHONE WORK PHONE

IN CASE OF AN EMERGENCY, PARENT OR GUARDIAN WANTS US TO
CONTACT:

1.
NAME AND RELATIONSHIP HOME PHONE WORK PHONE

2,
NAME AND RELATIONSHIP HOME PHONE WORK PHONE

I KNOW AND UNDERSTAND THAT THERE ARE RISKS AND DANGERS
'INVOLVED IN A TOUR OF THE KALMAR NYCKEL AND THAT
UNANTICIPATED DANGERS MAY ARISE. | HEREBY RELEASE THE KALMAR
NYCKEL FOUNDATION FROM ANY RESPONSIBILITY FOR INJURY THAT
MIGHT OCCUR AS A RESULT OF PARTICIPATION IN ANY KALMAR NYCKEL
ACTIVITIES.

I GIVE MY PERMISSION FOR TO
PARTICIPATE IN A TOUR OF THE KALMAR NYCKEL. I ALSO GIVE
PERMISSION TO AUTHORIZE PERSONNEL TO CARRY OUT SUCH
EMERGENCY PROCEDURES AS MAY BE NECESSARY FOR MY CHILD, AND
ALSO PERMIT SUCH TREATMENT PROCEDURES TO BE CARRIED OUT AT,
AND BY, THE LOCAL HOSPITAL(S) FOR MY CHILD IN THE EVENT OF AN
EMERGENCY. I UNDERSTAND THAT ANY MEDICAL EXPENSES WILL BE
BILLED DIRECTLY TO ME OR MY INSURANCE COMPANY .

SIGNATURE OF PARENT/GUARDIAN DATE

1124 E. SEVENTH ST. » WILMINGTON, DE 19801 * P: 302.429.SHIP * F: 302.429.0350 « WWW.KAINYC.OTE ee—emmeed



