Making a Micrometer Vernier Sextant.

This article shows you how to build your own micrometer vernier sextant, also known as a
'Drum Sextant'. The actual accuracy of your sextant is up to you as you make it, but the
precision is to 0.2 minutes of arc. The precision is more than adequate for navigation - this
sextant is not a toy. Once you've finished making the sextant, assuming reasonable accuracy
during manufacture, you will have a sextant at least as good as the one used by Captain
Cook in the Endeavour when he sailed round the globe. Making this sturdy sextant will be an
achievement that will give you satisfaction for years. That's enough of the advertising, I'll get
on with it now.

The sextant described looks like the picture below when you've finished it. The picture was
from a 3D model of the sextant created by Rod Cantrill in Brisbane, Australia.

This sextant has a number of features:-

1) A handle for ease of use, and legs to lay flat in a stable position.
2) Three horizon shades and four index shades.
3) Micrometer vernier with quick release mechanism.



4) Stainless steel mirrors for corrosion resistance and reduced refraction error.
5) Sturdy brass design.

6) Index error may be completely corrected out.

7) Vernier precision to 0.2 arc seconds - greater precision if you wish!

8) The sextant costs the same as a very cheap plastic Ebbco sextant.

There is no telescope designed for this sextant, just somewhere to put one. | do not profess to
be sufficiently knowledgeable in optics to be able to design one, so | leave this for you to
design and implement. | recommend a 3x magnification, 30mm objective telescope.
Commercial sextants have magnifications of 3x to 7x, while high quality cheap monoculars
available in camera shops give a magnification of 8x and up. The choice is yours.

This article is split into a number of sections, as below:-

1) How the Sextant works
2) Skill level required.
3) Tools Required

4) Units used in this design
5) Raw Materials

6) Parts List

7) Making the Sextant
8) Special Tools

9) CAD drawings

10) Cutting Layout
11) And Finally.. (Legal stuff etc.)
12) Progress



1) How the Sextant Works

This sextant works in exactly the same way as all the older sextants. Light from the sun
bounces off the index mirror, to the horizon mirror and then to the eye. The index arm is
rotated until the bottom edge of the apparent image of the sun reflected by the horizon mirror
is lined up with the horizon. The angle is then read off the sextant dial. (For a more full
explanation of how a sextant works see ).

First off:-

What is a Micrometer Vernier Sextant, and how does it differ from a normal sextant?

Think of a sextant with a normal vernier to read the minutes of arc at the bottom of the index
arm. Now cut gear teeth along the bottom of the arc of the sextant and add a threaded wheel
like a worm wheel perpendicular to the teeth. This is the 'micrometer’ section of the name. If
the teeth are accurately cut, and the worm wheel is accurately threaded, you will be able to
finely adjust the micrometer wheel and directly read off the minutes of arc from engravings on
the micrometer handle. If a vernier is then added close to the micrometer wheel, it's
comparatively easy to make a micrometer vernier.

How does the micrometer work?

Inside the index arm is a small mechanism, as shown below (with the index arm plate itself
hidden):-

Gear Teeth

Cluick Releasze
Mechanism

Micrometer Shaft

Micrometer wheel Yernier

The Micrometer wheel and toothed wheel are firmly connected to the micrometer shaft. The
micrometer shaft passes freely through the middle of the vernier, such that for each turn of
the micrometer the toothed wheel advances one tooth on the gear teeth. The spacing of the
gear teeth is one every 1.5mm, and the radius is such that this corresponds to 0.5 degrees of
arc. So, for each turn of the micrometer the index arm moves through 0.5 degrees — and due
to the way sextants work this corresponds to a sight angle of 1 degree.



How does the quick release work?

When the quick release mechanism is pushed in the direction of the arrow, it pivots about the
quick release pivot point.

Cluick Release
Mechanism

Micrometer Shaft

Micrornetkr wheel Wernier

This causes the micrometer shaft to rotate about the pivot, and disengage the toothed wheel,
as below:-

(-




This allows the index arm to be moved rapidly to roughly the correct angle for coarse
adjustment. For fine adjustment, the release lever is returned into engagement by a spring
(not drawn). The release lever goes through an arc of 20 degrees, while the micrometer shaft
rotates through only 5 degrees.

Temperature Compensation

I've seen a comment that temperature compensation is not catered for in this sextant. Well,
yes it is and no it isn't. I'm sorry that doesn't make much sense, but I'll explain. It is designed
from scratch to be temperature tolerant, and (in effect) self compensating to a great degree.

The sextant is all brass (as designed) except for one or two small pieces. This means that the
thermal expansion rate is the same for all parts - something that is actually critical for
maintenance of accuracy. | will consider the individual parts crucial to the accuracy of the
sextant below:-

The Frame

The frame of the sextant will expand as if it is one piece in all directions equally. So, if
you consider the pivot point as being fixed, the scale and gear teeth will become
further away from the pivot, and wider apart. If you calculate the ratios, you will find
that the angle between the graduations and gear teeth from the pivot remain
constant.

The Horizon Mirror

The horizon mirror is attached to the horizon mirror support plate by brass screws
and on to the brass frame. Once again, the thermal expansion of the unit will keep the
mirror at the same angle from the pivot regardless of temperature, so no errors are
introduced. The only thermal error introduced is the use of the 16swg stainless steel
mirror. The difference in expansion over 0.064" between brass and SS will cause an
error of 0.000058mm for every 10C (less if you use thinner SS for the mirror). This
calculation takes a co-efficient of thermal expansion for brass of 19.9 x 10*-6/K for
brass and 16.3 x 10*-6/K for SS.

The Index Arm

The Index mirror is attached to the index mirror support plate by brass screws and on
to the brass index arm. Once again, the thermal expansion of the arm will keep the
mirror at the same angle relative to the pivot regardless of temperature, so no errors
are introduced. The only thermal error introduced is the use of the 16swg stainless
steel mirror. The difference in expansion over 0.064" between brass and SS will
cause an error of 0.000058mm for every 10C.

The Vernier

As the vernier expands and contracts, it's circular design is unaffected by changes in
temperature. Changes in the radius of the index arm are counteracted by changes in
the radius of the gear teeth. The thread pitch of the gear wheel may be affected a
little, with the engagement of the thread in the frame's gear teeth increasing with
decrease in temperature under the release spring load. This does not alter the angle
reading by one iota.

Differences in thermal expansion rates between the silver steel vernier shaft and
brass vernier assembly lead to an increase in axial clearance of 0.0019mm for every
10C reduction in temperature (may bind at high temps). 1 minute of arc is equivalent
to 0.025mm, so a 140 metre positional error may be introduced by every 10C
reduction in temperature.

No temperature effects relate to any other component with any effect on accuracy.

The total combined error caused by the index mirror error and the horizon mirror error
equates to an error of 0.0001mm in the positioning of the parallel rays from the sun at
a 60 degree apparent solar altitude (increasing to 0.00014mm at 90 degrees,

reducing to 0.000058mm at 0 degrees). This possible error is vastly smaller than any



machining accuracy you could hope for during manufacture of the sextant, so
temperature considerations from this source may be ignored.

If you are really concerned about temperature induced error, | suggest you take the
following precautions:-

) Make the vernier shaft from brass.

) Zero the sextant in the climate that you expect to use it in.

) Every time you take a reading, ensure that there is no end slop on the
e

vernier shaft.

1
2
3

(The last precaution is for the terminally cautious..!) By taking these precautions any
small sextant error due to temperature should have been eliminated.

And that's it. It's not too difficult is it?



2) Skill Level Required

This sextant is ideally tackled by a person with a reasonable level of mechanical ability and a
fair level of metalworking experience. Having said that, given time and persistence, someone
without any experience should be able to make it.



3) Tools Required

Here's the rub. To make an accurate metal sextant, you need accurate metalworking tools.

This sextant is designed to be made with a metalworking lathe, mill and rotary table. The
actual lathe size can be as small as a watchmaker's lathe, allowing a bar of 25mm diameter
to be turned. The milling is designed to be carried out with one 6mm diameter cutter and,
optionally, one 3mm cutter. The smallest throat depth you need on the mill is about 25mm, so
a very small mill could be used too. A bigger mill, obviously, would be better. You'll need a
rotary table of at least 150mm (6") diameter, and a lump of timber/ ply to go under it.

The list of tools you need is:-

1) Lathe + lathe tools

2) Gears for lathe to cut a 1.5mm pitch thread OR M20x1.5 fine die.

3) Milling machine, milling head or adapter + 6mm end/slot mill. A 3mm mill is nice.
4) Rotary table

5) Gear cutter. I've drawn one up where it's used, so don't panic!

6) M3, M4 and M6 coarse taps, dies and tapping drills. HSS is preferred, as they tend
to cut better threads.

7) Engraving cutters. I've drawn up two different ones that you can make.

8) 3.9 & 5.9mm dia drills and 4/6mm reamers. I've drawn up home-made reamers
that are suitable.

9) A range of files, some needle and some normal sized.

10) Hacksaw & piercing saw.

11) A range of drills. 2, 4, 6 and 7mm being the minimum, a 14mm drill can be used if
you've got one handy.

12) Glass cutter.

13) Metal Polish & Lacquer.

14) Range of metalworking layout & marking tools.

15) Blow Lamp/ Blow Torch powerful enough to melt silver solder.

16) Medium or fine straight knurl.

17) 6mm diameter HSS toolbit, or hardened Silver Steel.

18) A face mill would be nice, but the end mill and/or filing will enable the job to be
done without one.

What lathe & mill do | use?

A combined mill/lathe with a 300mm swing over the bed and 175mm mill throat capacity. (If
you're interested it's a Warco WMT300.) My rotary table is 6" in diameter with an MT2 central
taper for which I've made a number of fixtures to help me machine the sextant. To be honest,
the lathe is almost too big for this little sextant. Holding a 3mm diameter bar in a 127mm (5")
chuck is ridiculous. | have only one milling collet, hence the use of 6mm shanks wherever
possible.

If you don't have a lathe or mill, and can't afford one, but do have the time to make a machine
shop from scrap materials then I'd suggest that you look at the series of books at
http://www.lindsaybks.com/dgjp/djgbk/series/index.html. It wasn't the way | went, but | have
made a furnace similar to the one shown in the first book. A nice bit of kit really, and
surprisingly easy to use.



4) A note on the units used for this design.

| have designed this sextant in the UK, where units are in a bit of a muddle. Most full size
engineering is conducted in millimetres. The drawings are in millimetres (unless stated
otherwise). However most of the general population use inches for rough dimensions, and
model engineering suppliers are well and truly wedded to inches as their preferred
dimensions. Unfortunately, the only people prepared to sell materials in the small quantities
for this sextant are model engineering suppliers. That's why you will see some utterly
ridiculous thicknesses specified (eg the frame is 3.2512mm, because that's the metric
equivalent of 10swg plate).

If you wish to work in inches, remember to divide the millimetre dimension by 25.4. In most
cases, you can substitute the nearest sensible inch dimension for the metric one. However,
DO NOT, UNDER ANY CIRCUMSTANCES CHANGE THE TOOTH PITCH OR RADIUS OF
THE GEAR TEETH. Sorry | shouted, but | must make it plain that the tooth pitch and radius is
VITAL to the operation of this sextant. If you wish to use a different thread pitch you'll need to
redesign the sextant yourself. The thread and radius of the sextant body are inextricably
linked - it must be sized so that:-

Radius = 360 x Thread Pitch / 3.141592654

Note:- If working in inches the pitch is the distance between crests NOT the number of crests
per inch - so for 20 TPI the pitch is 0.05".



5) Raw Materials
Brass
The majority of raw materials used within this sextant are brass of one sort or another.

For the main frame of the sextant, | have specified Compo Brass. This is a free machining
variant used by engravers. As the graduations on the sextant are engraved, | chose the type
preferred by engravers. In the UK, it's given the designation CZ121, which will be of no use to
anyone sourcing it outside the UK whatsoever.. [Sorry!] Compo brass appears to be about
20% more expensive than normal brass.

If you wish to use aluminium, then go ahead. As far as | can tell 6082-T6 is stronger and it is
certainly lighter than brass — but it will show local damage more easily and will need to be
anodised for marine use. The best alloy for marine use is 5086 (won't need anodising except
to keep it shiny), but | fear that you are unlikely to get it in small quantities. 5086 in the O
condition is of similar strength to annealed brass, but it is softer, so will mark more easily. In
the hardened (H8) condition it is still workable, is almost as strong as 6082-T6, and could be
used.

If aluminium is OK for you, who am | to gainsay your choice? There are many very expensive
aluminium sextants (the Astra IlIB, Tamaya Spica & Jupiter to name but three), so you'll be in
good company. However, to maintain the accuracy of the sextant over a wide range of
temperatures, please use the aluminium for as much of the sextant as you can. This way
most of the self compensating temperature effects will be maintained.

Silver Steel

| have specified silver steel in a few places. In North America, the equivalent is called 'drill rod'
— | don't know about elsewhere. For the micrometer shaft | have simply specified it because |
think the strength and stiffness of steel is required, and didn't want to buy a stainless steel rod
as it's not dual use (for reamers..). The use of brass in the vernier shaft would totally eliminate
the biggest potential source to temperature induced errors in the sextant. You can experiment
yourself at very little expense if you wish!

In the case of the locating pegs and shade pivots | specified silver steel as it has a close
manufacturing tolerance (can be used with no further machining) and it can be soldered, while
SS can't. Brass would be suitable here — but in the UK it isn't readily available in metric sizes.

Glass Shades.

Here | had no choice at all. | was limited by what was available, and | think you will be too. My
shades (when they finally arrived after 6 weeks wait) turned out to be 2.5mm thick No. 3
welding shades, which meant that | only had room for two horizon shades without a slight
redesign - not a great problem as many 'real' sextants only have two shades here too.

Timber.

You don't need timber at all. | just wanted to have a nice traditional hardwood handle. A
turned brass handle would be good too — and softwood would be equally good.

Mirrors

The mirrors | have specified are stainless steel. If you can, try to get electro-polished stainless
steel. This will save you a huge amount of time when it comes to polishing the mirrors as
ordinary SS sheet has numerous tiny ripples making for a blurred image (been there, it took
me 6 hours of polishing with a bench grinder to get an acceptable finish - not much fun!). If



you can, choose a 316 type stainless steel. The type | bought was 304S11 (UK designation
for a low carbon sheet), and it has a slightly less 'silvery' luster to the reflections than you get
from 316 stainless. Not of vital importance, but worth trying to get.

If you wish to, you could use surface mirrored glass (to avoid refraction errors), or even a
semi-transparent mirror for the horizon mirror. If you choose to get one of these, it will
probably take some searching to find a source. | have to thank Redgie Joy for a link to
http://www.sciplus.com/singleltem.cfm?terms=9528&cartLogFrom=Search where it appears
that such mirrors may be available.



6) Parts List

For those of you with an engineering background, you won't be satisfied without a Parts List. So here it is:-

QUANTITY PER ASSEMBLY
ITEM MO, TITLE PBLEEEED hdihondd MATERIAL NOTES
79 SILVER SOLDER ar bk b b [EASIFLD Hez
78 GLASS ADHESIVE h
77 LOCTITE 222 1 1
76
75
74
75
7z
71
70
&9
E
67
66
65
G4
[
62
61
[¥19]
£9 VERMIER PI¥OT FABRICATION h
£3 SHADE STOF o BRASS, 10SWG
57 LEG 2 BRASS
=5 FIVOT MUT 1 BRASS
Z5 FIVOT I BRASS
=4 SPRING I 20mm LONG, 4rnm SOLID LENGTH |MOT DRAWN
£3 RELEASE PILLAR 1 [BRASS
52 RELEASE LEVER FIVOT i BRASS
=1 THUME PILLAR 1 | [BRASS
Z0 RELEASE LEVER o | [BRASS, 1718 THICK
43 SPRIMNG PILLAR il BRASS
4B PILLAR > BRASS
47 MICROMETER LONG LOCK SCRE h BRASS
46 MICROMETER STOP SCREW I BRASS
45 MICEOMETER LOCKING SUREW i BRASS
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7) Making the Sextant

EOTTOM MIRROR

The design is broken down into a number of assemblies which all fit together to make the sextant. The family tree of assemblies is shown below:-

S CRE W
TOF MIREOE NERMIER
S CREW PIvOT
INDEX &RM  [NDEX ARM SPRING RELEASE FELEASE
= AR, EACK FAB. PILLAR | EVER WVERNIER FILLAR
| | | | |
INDEX ARM TELESCOPE SHADES BODY FAE HANDLE

SEXTANT




The following notes apply to the drawings:-

NOTES

sLL CHAMFERS 0Smm UNLESS OTHERWIESE SPECIFIED CLOS

ALL RADIT 3MM UOX%

EREAK ALL ZHAEFP EDGEZ 0.5rmm

CUTTING LAYOUT FOR PLANMING INFORMATION OWLY - MATERIAL XIZES AZ
EPECIFIED BY CHROMOZ LTD W' CHROWOZLTDUES YOU MAY FIND &M
ALTEENATIVE SUPFLIER, AND CHRONWOE DOES WOT SUPPLY EWERYTHIMG
LIZTED, IN Z0OME CAZEE I HAWE NOT EHOWHN THE EEZXT MATERIALE TO UZE,

A% IT IS STOCK I HAWE & DOWT MEED TO BUY CE.G.sﬁ%” BR&S: BAR AND
16=wh 33 THEET MIRRORE)

AREAS WHERE MAXIMUM CARE AWD ACCURACY ARE RERUIREI-

ODRILLIMNG & REAMING FIVOT HOLE

FIvOT EOLT

ALl ORADUATIONE

13mm FITCH TOOTH FORM

MEAN RADILE OF TEETH

MIMIMUM “ERMIER END ZLOF
I ALL OTHER AREAS OBTAIN & REAXOMABLE LEWEL OF ACCURACY AMD
WORKMANSHIF,
EMGREAYING OF WUMBERET TO BE DOME By EXTERMAL COMPANT,
THE #&wkWaRD DIMEMZIONT ON THE INDEX ARM ARE DUE TO TREYIMNG TO
MIMIMIZE THE wIDTH wHILE STILL ZEEING 20 DEGREEX OF MARKINGE,
TELEEZCOPE.
NOT DR&WN, TEY TO SOURCE & 30mm OBJECTIVE, 2= MAGNIFICATION, ONE
FO0URCE MaY EE 'HAWRKINE BAZAAR" CwwwhowHihocom? WHO TELL A MINI TOY
TELEZCOPE FOR £099p IM THE UK THAT FIT: THE REQUIEEMENT PART Mo,
0oz0e, & MEW, ZTIFFEE HOUIIMG 3HOULTY BE COWMIIDERET IF THIX
TELEXCOPE I LISED, IDEALLY,. LOOK AT 3EVERAL aND CHOOSE THE OME
WITH THE EEST OPTICE.
SIGHT TUBE
IF ™O TELESCOFE I35 AWAILABLE USE & 23mm OD SIGHT TUBE, CEMTREELIME
comm OFF THE EODY AIMED AT THE HORIZOM MIRROR.

In the drawings | have specified Silver Solder (melting temperature 660C or above). On
reflection, | was probably over specifying this. Ordinary soft solder (melting temp around
170C) is strong enough, has adequate corrosion resistance, is more readily available, and is
cheaper. Use it, if you wish, with my blessing.

A few words of advice..

Many of the parts are TINY. | suggest you avoid sneezing when handling them, otherwise you
will never see them again! Yes, | have done that. | completely lost one of Iltem 31, Bottom
Mirror Clip, much to my irritation!

Parting off small items on the lathe can also lead to low flying brass. A loose cloth tied up
behind the lathe can catch many pieces that would otherwise be lost for ever.

When you've completed the parts, it would be a good idea to keep them safe in a pot until
they are needed. | use an old take away food container, which is big enough to hold all the
parts except the frame and index arm.

| think it's best to start with the simpler assemblies and work up from there. If nothing else, it'l
help build confidence for the more complex parts later on. As a result, the design is broken
down into the assemblies, as listed below:-

7.1) Mirror Top Screw Assembly (Item 4)
7.2) Mirror Bottom Screw Assembly (ltem 5)
7.3) Release Pillar Fabrication (ltem 14)
7.4) Spring Pillar Fabrication (ltem 12)

7.5) Release Lever Fabrication (ltem 13)



7.6) Shade Assembly (Item 6)

7.7) Handle Assembly (ltem 7)

7.8) Vernier Pivot Fabrication (Item 59)
7.9) Vernier Assembly (ltem 8)

7.10) Index Arm Fabrication (Item 10)
7.11) Index Arm Back Fabrication (Item 11)
7.12) Index Arm Assembly (Item 2)

7.13) Body Fabrication (Item 9)

7.14) Telescope (Iltem 3)

7.15) Sextant Assembly (Iltem 1)



7.1) Item 4, Mirror Top Screw Assembly

Two top mirror assemblies are needed, looking as below:-

There are two parts to this assembly, Items 29 and 30:-



[TEM 30
TP MIRROR CLIF

0.5 .. 10.17
: M3 COARSE
[TEM 29

MIRROR SCREW

It's best to make item 30 first. Then turn down the 2mm dia spigot on item 29, reducing the
diameter until it just fits in the hole drilled in item 30. When making Item 29, | actually made

the 10.17 dimension a rather easier 10.5mm.

Once drilled, solder the two together using silver solder (item 79)

=ILWER ZOLDER ITEM 30 TO ITEM
29 URING ITEM 79,

®
—@&

MIFRORE TOF =CREEW AFXEMELY
ITEM 4



7.2) Item 5, Mirror Bottom Screw Assembly

Four bottom clips are required.

These use Item 29 (see ) and item 31
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DEVELOFPED SHAFE
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Ht ﬁE._*_
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EEQ;J: 5

ITEM 31
sOTTOM MIRROR CLIP

Now silver solder items 29 and 31 together.

SILVER ROLDERE ITEM 21 TO ITEM
29 LEING I[TEM 79,

D
i e

MIEROR EOTTOM SCREW ASSEMELY
I[TEM =



7.3) Item 14, Release Pillar Fabrication

The release pillar fabrication is used to pivot the micrometer shaft and locate one end of the
return spring.

What we're looking to make is as below:-

This assembly consists of two parts, item 53 and item 16 soldered together. Remember item
16, it's used in lots of places!



One Brass Release Pillar, Item 53:-

_ 875
. 159

To do a really good job, you will ream the 4mm hole having initially drilled it to 3.9mm, using
the 4mm reamer shown in . When using this reamer, only use low speeds and feeds,
awhile withdrawing frequently to clear chips. Personally, | felt that it was unnecessary when
making this part. If you make it as drawn, you will probably break through around the 4mm
hole into the rebate cut at the right hand end of the pivot trunnion. If it occurs, you've
positioned it correctly! It's not good design, but space was so tight | couldn't do anything else.



You need one silver steel Retaining Pin, ltem 16:-

=

[TeM 17/
Re TAINING PIN

6 j
[TeEM 16
RE TAINING PIN

While you're making item 16, you might as well make 9 more that are required later, and 6 off
Iltem 17 that are required elsewhere.



Then you must silver solder them together using item 79 (sorry about the spelling of
release’):-

SILVER SOLDER ITEM 1e TO ITEM
03 USING ITEM /9

REALEASE PILLAR ASSEMBLY
[TEM 14



7.4) Item 12, Spring Pillar Fabrication

The spring pillar fabrication is made from two parts soldered together, Items 16 (drawn in

) and Item 49, which is brass. (Note, while you're making Item 49, it's worth using
the same machine setup to make 2 off Item 48, Pillar [see 1). The only important
dimension on item 49 is the 8.75mm dimension.

B.2o

1 E%ffjffJHREAD M= CUOARSE
5

875 2 PLACES

@4

[TEM 49
SPRING PILLAR

These are soldered together using ltem 79, as below:-

SILVER SOLDER ITEM 16 TO ITEM
49 USING ITEM /9,

HET

SPRING PILLAR ASSEMELY
I[TEM 12



It should look like this:-




7.5) Item 13, Release Lever Fabrication

The release lever fabrication looks as below:-

This is made up from two 1/16" thick brass release lever plates, as below. A good way to
make these is to soft solder two small pieces of brass together and then file/ drill both at the
same time, so that they will be identical. | recommend that you save some time by using the
CAD drawings in to print out the part 1:1 on sticky backed paper and use that as a
template for your drilling and filing. When finished, heat again to melt the soft solder and
separate the parts. Finally, be prepared to file a bit more off the 15.33mm radius when you
assemble the sextant, as the clearances between Item 13 and ltem 44 are quite tight.
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One brass thumb pillar, as below:-
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ITEM 21
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And one brass release lever pivot:-
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The four parts are then soldered together using silver solder (item 79) in the Release Lever
Fabrication, as below:-

SILVER SOLDER ITEMT 21 AND 32
T ITEM 20 USING ITEM 79,

THEMN SaWw AWAY HATCHED FPORTION
OF ITEM 52

RELEASE LEVER FABRICATION
ITEM 13

Note that the release lever fabrication may be easier to solder up if you position the release
pillar (see ) in the 5mm holes first to act as a spacer and check the fit before it's too
late. However, DO NOT SOLDER THE RELEASE PILLAR TO THIS FABRICATION. My initial
attempt at this assembly had me accurately machine the 5.58mm dimension as 6.30mm,
making the whole assembly to wide to fit in the index arm. | then tried to re-work the existing
parts, only to have my parting tool explode quite spectacularly on me. After that | took 90
minutes to re-make items 51, 52 and 53 from scratch.



7.6) Item 6, Shade Assembly

Seven shades are necessary. They are as below:-

The shade is made from 2 parts. The first being a glass shade. This has to be cut from
whatever source you can find. Ideally you'd want a No. 3 welding shade for gas welding, or
No. 2, but it's highly unlikely that you'll find a No. 2 shade. Anyway, | sourced mine from
50mm circular welding goggle lenses, No. 3 Shade. With 4 shades in series it's totally dark
even when looking directly into the sun — a feature that's safe when first making the sight.

The shade glass (ltem 23) is as below:-

26

ITEM 23
SHADE GLASS



The shade body (item 22) is as below, made from 2 to 2.5mm thick brass:-
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| recommend that you ream the 4mm hole to reduce the probability of refraction errors due to
the shade not being perpendicular to the light transmission direction.

The shade assembly is glued together with a suitable glue to bond glass to brass (ltem 78).

EOND ITEM 25 TO ITEM =22
USING ITEM /8

@

SHADE ASSEMEBLY
ITEM &



When | designed the sextant | measured up my No. 10 welding lens, and found it was
1.75mm thick - the pocket depth on item 22. This seemed fine, until | found that the No. 3
welding shade | ordered came to 2.5mm thick. This is causing me some problems, as | don't
have the equipment to grind glass back by 0.75mm. This means that | would have to bond the
shade glass in so that it stands proud of the frame by 0.75mm. This extra width to the shade
means that | would have to reduce the number of horizon shades from 3 to 2 and the number
of index shades from 4 to 3, as there is no room for the number designed. It's beginning to
sound like time for a small redesign.

On further reflection, | will change the design and use the thicker brass that is used for the
sextant frame. This is 3.2515mm thick, but the change means that I'll have to change the
detail around the shades. This will affect the frame, shade body, shade pivot bars and shade
stops (items 15, 20-22 and 58). There is sufficient spare material in a 12" square piece of
brass used for the sextant frame to be able to do this without any extra cost. Which means |
have one piece of 6" square x 12 swg brass spare now. If you want a copy of the revised
drawing, contact me at the e-mail address specified in section 11. I'm leaving the original
design up until | finish the sextant, but will continue to update the text with comments if | have
them.



7.7) Item 7, Handle Assembly

The handle assembly has caused me more fruitless searching than any other part in the
sextant. A tiny bit more about that a little later. What we're aiming for is shown below:-

You need four brass wood screws, 0.5" long x No. 4, as roughly drawn below (I fear you'll
have to buy these..):-
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[TEM 27/
widD SCREW Moo 4 X 097

Then you need two pieces of timber for the handle. | fruitlessly tried to get tiny pieces of
hardwood from everywhere. The UK is not a good place to find hardwood (especially not
free). Eventually | remembered | had removed the 105-year-old back door from my house a
few months before. And the door sill was oak. So, with the aid of an axe | hacked away the
rotten timber, eventually coming to the intact core. Then, after what felt like weeks, | managed



to hand saw off two strips about 10mm thick to be planed down into items 25 and 26. So, my
sextant now has two 105 year old handles. That's effective recycling if | ever heard of it.

First the unblemished outer half shown below:-
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Then the other half with pilot holes for the screws:-
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Finally, you need the 1/16" thick brass strip to make the handle. The undimensioned radii are
3mm on the inside of the curve:-
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The developed shape of the strip is as below (take this with a bit of a pinch of salt, as the
dimensions wanted are those specified in the drawings above):-
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Having made these parts, the handle must be assembled:-

SCEEW ITEM 22 TO ITEM 25
THEOUGH HOLEXS IM ITEM 24
USING ITEME 27,
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7.8) Item 59, Vernier Pivot Fabrication

Now is the time to make something that's a little more taxing, the vernier pivot fabrication.
This fabrication will look as below:-

There are three parts in this fabrication, two pivots (Items 42 and 43) and the vernier (ltem 41)
itself. The vernier is made from brass.
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[TEM 41
VERNIER

The central 4mm hole should be drilled 3.9mm and reamed 4mm using the reamer shown in
. Use your rotary table and the engraving cutter shown in to mark the
vernier graduations.



The numbers should probably be engraved by a specialist, though with care it can be done at
home.

The pivots should be made from brass to the drawings below:-
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The three parts should be silver soldered together as below:-

SILWVER SOLDER ITEMS 42 AND 43
T ITEM 41 USING ITEM /9,

VERNIER PIVOT FABRICATION
[TEM 359
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7.9) Item 8, Vernier Assembly

Now is the time to complete the vernier assembly and all its associated parts. We are aiming
to produce the assembly shown below:-

There are five parts to this not already made (all of which are brass except the central shaft,
which is silver steel):-

The first is Item 39, the Micrometer Dial.

MEDIUM OR FINE KNURL STRAIGHT
LOOKS BEST HERE. DIAMOND DK
GRADUATIONS EVERY & DEGREES
LETTERING 2.2mm
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ITEM 39

MICROMETER DIAL

The central hole should be reamed 4mm.



Item 40, Micrometer Shaft

Silver Steel. Remember that this could be made from 4mm brass to eliminate the greatest
source of potential navigation errors from changes in temperature.
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ITEM 40
MICROMETER SHAFT

Iltem 44, Micrometer Thread
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This part can be threaded using either a single point tool on the lathe or by using an M20 x
1.5 fine die. The former choice takes longer, but will be better in this application as you have
more control over the thread form. Added to which, if you haven't got a die, it'll be an
expensive purchase to do just one job. The central hole should be reamed 4mm.
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[TEM 43
MICRUOME TER LUOCKING SCREW

Now the locking screws to keep everything on the shaft:-
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THREAD M3 CHARSE
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[TEM 4/
MICRUOME TER LUNG LUCK SCREW

Obviously, these items can be bought, but for completeness, I've drawn them. Also, having
had to buy material to make other 3mm threads, | wasn't going to spend extra money on
buying locking screws.



Now, the assembly

ENSURE THAT ITEM 59 ROTATES
FREELY ON THE SHAFT WITH NO
AXIAL MOVEMENT, BOND ITEM 44
o ITeEM 40 WITH ITEM 77/,

VERNIER ASSEMBLY
ITEM 8

Item 77 is Loctite 222 thread lock. If you are certain that you've done nothing wrong, you can
solder Item 44 to the shaft - this will enable you to stop worrying about stripping the tiny
thread on ltem 45.

Note: 0.025mm (half a thou') axial float of item 39 relative to item 44 can lead to a 1 minute of
arc (1 nautical mile) error. This is VERY important to set up with negligible float. If you can get
an automotive feeler gauge in to the gap, it's too big!



7.10) Item 10, Index Arm Fabrication

This fabrication requires the arm, and the index mirror support, as shown below:-

This fabrication is made from four parts.
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INDEX MIRROR SUFPUORT

You need two off item 17 (you made them earlier in

Then you need the Index mirror support (ltem 35)

.. didn't you?)



Now for one of the more difficult parts, the arm:-
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These four parts are soldered together to form the index arm fabrication (ltem 10):

Jse ITeEMS 17 TO LOCATE ITEM 39,
SILVER SOLDER ITEM 35 TO ITEM
36 USING ITEM /9,




7.11) Iltem 11, Index Arm Back Fabrication

The Index arm back fabrication looks as below:-

You will need two of item 17 (see ), One of item 37 (Index Arm Back) and two of
item 38 (Index Arm Back Spacer) as below:-

ALL DIMENSIONS NOT SPECIFIED AS ITEM 36
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ITEM 37
INDEX ARM BACK



40,76

[TEM 38
INDEX ARM BACK SPACER

The assembly is as below:-

UseE ITEMS 17 7O LOCATE =2 OFF
ITEMS 38 ON ITEM 37 SILVER
SOLDER ITEMS 38 TO ITEM 37
USING ITEM /9. MACHINE OFF TOF
OF ITEM 32 TO OEBTAIN FINISHED
DIMEMNSION

INDEX ARM BACK FABRICATION
ITEM 11

Obviously, you don't really need to make item 38 the thickness it is — that was just convenient
for the stock material | was already buying. If you wish to make it some other way, then
please do.



7.12) Item 2, Index Arm Assembly

Now the index arm assembly is a big thing to do and see. It looks like the picture below:-

There are a few items that need to be made before we get to assembling the arm though

First, you need 14 nuts (Item 32). These could be bought, but | wanted thin nuts, and the
standard M3 nut is 2.5mm. So, | ended up making 2mm thick nuts, as below:-
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ITEM e
NUT



While you're at it you may as well make a further 6 nuts that are required for the main sextant
assembly. In actual fact, | was able to get 5mm A/F stock myself rather than the imperial
specified, very satisfactory.

The next item to make is the Index Mirror (Item 34), from stainless steel. Take a careful look
at the stainless steel sheet. You may have to polish it - if you do, make it as good as you can
without polishing in distortions.

oo

Co

[TEM 24
INDEX MIRRUR

The micrometer stop screw, (Item 46). This is not really necessary, but | prefer to have it.
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You need two pillars (Item 48)
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[TEM 48
PILLAR

And a spring (Item 54, not drawn) — which | leave up to you to sort out. | reckon a segment off
a spring from an old Biro ball point pen should do.



Then assemble the whole lot together:-

There ia a bit of a problem with the spring (item 54) and the support pins. They may clash as the vernier is retracted. It's something that | leave you to adjust
with a file as necessary.
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7.13) Item 9, Body Fabrication

Right, that's the bulk of the parts complete, but the hardest part is just coming. The Body Fabrication. What we're looking for at the end of this is:-

For this fabrication we need 8 off ltem 16,



two off item 17, and four of Item 18 (Pivot Block) shown below:-
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You also need one Horizon Mirror Support (ltem 19)
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Two Shade Stops (Item 58) are required too,
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[TEM D8
SHADE STOP

The last piece for the body fabrication is a heck of a lot of work. The frame (ltem 15). This item is so complex it takes quite a few drawings to detail it properly

Before starting on it, | would suggest that you download the CAD drawing from

. Then use CAD to plot out the profile at 1:1 on sticky backed paper.
Attach this to the brass and use it as a guide for the less important parts of the frame.



Now for the drawings of the frame.
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Drawing 2:-
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Drawing 3
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Drawing 4
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The following notes apply:-

ENGRAVE Smm HIGH CHARACTERS 0.29mm
DEEF., RADIUS 0OF EBOTTUOM 0OF
CHARACTERS IS 150mm.

ENGRAVE GRADUATIONS O.1mm WIDE,
0.Imm DEEFP.

GRADUATIONS LENGTH:=

FVERY o DEGREES, 10mm LONG,

FEVERY 2.9 DEGREES, V.omm LONG
FVERY 0.5 DEGREES, Smm LONG

OUTER RADIUS OF ALL GRADUATIONS IS
162mm

Cut the gear teeth at the bottom of the arc with the gear cutter shown in

The gear teeth MUST be cut on the rotary table at exactly 0.5 degrees apart. Ensure that you turn the table the same way all the time and take up backlash in
the mechanism in the same way before each tooth. The entire accuracy of the sextant depends this operation.

Cut the scale graduations with the engraving cutter in



A majority of the cutouts are decorative and can be dispensed with if you want to. The central 6mm hole in the R31 cutouts is solely intended as a locator for
milling out the cutout.

Right, now is the time to solder the bits together.




The notes to the above fabrication drawing are:-

USE ITEMS 16 TO LOCATE ITEMS
1. ALIGN 4mm HOLES WITH ITEMS
20 R 21 AS APPRUPRIATE
SILVER SOLDER ITEMS 18 TO ITEM
125 USING ITEM /9,

USE ITEMS 1/ TO LOCATE ITEM 19
SILVER SOLDER ITEM 19 TO ITEM
15 USING ITEM /9,

JSE ITEMS 16 TO LOCATE ITEMS
08, SILVER SOLDER ITEMS 256 TO
ITEM 19 USING ITEM /9,



7.14) Item 3, Telescope
| can't design a telescope.
That doesn't mean | haven't tried.

Somehow, | just can't work it out. Turning the image the right way up is what stymied my
design effort. I've had to resort to buying a toy telescope. | shall be measuring the lens
positions, and making a new and firmer housing.

It feels like a real failure on my part, not being able to design something as simple as a
telescope. | think | need to creep into a corner and sob my misery into my cuff.. No, on
second thoughts, that'd be feeble.

The centreline of the telescope is to be 25mm from the surface of the frame, pointing at the
horizon mirror. Make sure that the index arm doesn't foul with the telescope support. | think a
3x magnification, 30mm objective lens is a good size to go for.



7.15) Item 1, Sextant Assembly

Now we're on the home straight to completing the sextant. At last! This is what we're aiming
for:-

There are very few parts to make now.

The shade pivots from silver steel:-
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HORIZON SHADE PINVOT



The four screws to attach the handle to the body:-
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[TEM 28
EUDY-HANDLE SCREW

The stainless steel Horizon Mirror:-

31

21
29

Ao | 125

[TEM 33
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The two brass legs:-
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LEG

The pivot must be made carefully:-
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Now the pivot nut:-
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PIVOT NUT



Finally, the assembly (note, you will need to remove the index mirror from the index arm
before the pivot can be positioned). Yes, | know the blue ray diagram is incorrect, the upper
ray should be at 60 degrees to the horizontal. It is pictorial, and I'll fix it one day..




And the rest
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Final notes:-

UseE ITEM /77 TO KEEF ITEMS 20 aND 21 IN POSITION,
OMCE ALL SETURP OW THE SEXTANT IS COMPLETE, DISASSEMELE
NUT ONME AT A& TIME AND aAPPLY ITEM /77 TO EACH THREAD,

You may find you need to machine up a spacer for the shades to stop them moving up and
down their pivot shaft. Check when you assemble them, but before locking in the pivot shafts.
The reason for this is that I'm not sure how thick your shade glass is going to be, so had to
design in a bit of clearance for thicker glass.



8) Special Tools

A number of special tools are referred to in the main body of the design. These may be made
by anyone with a lathe and drill.

Engraving tool.
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PROWIDE RELIEF WITH FILE
TO GIWE CLEARASKNCE,
HEAT, RUENCH, AND TEMPER TO LIGHT ETR&W

ENGRAYING CUTTER O01lmm TIFP DIAMETER, SILWER STEEL
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Reamers

The two reamers below may be made from HSS toolbits or from Silver Steel that has been
hardened, then tempered to a light straw colour. This type of reamer must be used at low
speeds and feeds. Chips must be removed frequently.
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There are other types of reamers, as shown below, but I've never got on with them. You
wouldn't lose anything by trying this type first (on a bit of scrap material of course!).



USE OMLY LOW SPEEDS WITH THIS REAMER.
WITHIDRAY OFTEM TO REMOWVE CHIPS,

.\

ALTERNATIVE 4mm REAMER, HSS OR SILVER STEEL

The gear cutter below is needed for the sextant:-
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9) CAD Drawings

Strangely enough, this was all done on CAD. The full drawing is as below:-
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If you have a CAD package, | would suggest that you download the DXF drawing from
If you have AutoCAD R14/LT95 or above, download the AutoCAD R14 Drawing from

The AutoCAD drawing is in R14 format, however if you use R14/LT95 you will miss out on the
tabbed layouts which have a 1:1 plot of each part on an A4 sheet for your (and my)
convenience. It's best to use AutoCAD 2000 if you have access to it.

The CAD drawing makes the design a good deal clearer, and will enable you to plot out many
of the parts at 1:1 scale on your printer. This will make some of the machining MUCH easier if
it's printed onto sticky backed paper, which is then stuck to the brass.

NOTES



10) Cutting Layout

| drew up the following cutting layouts to try to minimise the material | bought. Note that this
cutting layout was suitable for me, as | had a certain amount of material in stock - which may
not be the case for you.

First, 10swg brass.
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12 or 13swg brass sheet
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Hexagonal Brass Bar

200mm 37167 ASF BRASE HEX BAR

Stainless Steel Sheet
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Finally, welding glass and large diameter brass rod

Bl

#1* ROUMD ERA&SE ROD, 300mm LONG

@ @ @
@ e e @

4.25% » 225" WELDING FILTER LENE



11) And Finally...
All you have to do now is.. Calibration, error correction and use.

Calibration and Error Correction

Calibration and error correction is not something | will go into in great detail, as there are
plenty of publications that go into this, not least of which is the 'Instruments for Celestial
Navigation' chapter [No. 16] of . There are two
types of error, Non adjustable Errors and Adjustable Errors. These are discussed below:-

Non-Adjustable Errors

These errors are almost entirely down to the accuracy of your manufacturing, so can
be virtually eliminated with careful manufacturing procedure.

1) Graduation Error

This is down to inaccurate cutting of graduations, most particularly on the the
drum. However, it is also contributed to by innacurate tooth cutting on the
frame. Both can be virtually eliminated by indexing the table rotary table the
same way and taking up backlash the same way each time you cut a tooth or
graduation.

2) Centering Error

This is where the graduations, teeth and the pivot don't have the same
centreline. Again, the level of accuracy is up to you - but the error can be
totally eliminated if you drill and ream the frame's pivot hole, then put this
over a peg through the centre of the rotary table, and do not remove until the
frame is complete.

3) Prismatic Errors

This is the one where you have least control. The flatness of the mirror
surface is up to you, but other prismatic errors come from the shades. Where
the two surfaces of the shades are not parallel there will be a prismatic error
which should be calculated and documented for all possible combinations of
index and horizon shades.

Adjustable Errors

These errors are comparitively easy to sort out as they may all be adjusted out using
the features already designed and built into the sextant.

1) Perpendicularity Error

This is where the mirrors are not perpendicular to the frame and index arm.
The top adjustment screw on each mirror is used to adjust the
perpendicularity.

2) Collimation Error

This is due to the centreline of the telescope not being exactly 25mm from the
frame. The error increases the apparent altitude of the sun. As | haven't gone
into any detail about the telescope support, | feel that this is your problem!

3) Index error

This is when the index arm does not register zero when the angle is zero.
There are two ways of tackling this. The first method is to set the index arm to
zero and adjust the bottom mirror screws until the index error is compensated
out by an equal and opposite turn on each bottom screw. This is the less
risky option, but if the top screw is not exactly central, you'll have to adjust the



perpendicularity again.

The second option is to align the view, then loosen Item 47 (Micrometer Long
Lock Screw) and turn the vernier until it registers zero. This is the more
difficult method, but should be the one adopted at first assembly of the
sextant.

Use

| can't give you any advice other than 'Get out and use it!".

That's about it. | really can't think of a lot more to say about making a sextant. | hope this has
been an informative and worthwhile project.

| have to put in the legal stuff, but it amounts to three statements:-

'Use and/or modify, but don't try to sell, this design.', 'If you make a sextant to this design, of
course you can sell it to get a return on your work.', 'If you can't navigate with it, that's your
problem.'
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E-MAIL richordondtrocyEByohoo.com

THIS DREAWINMG MaY BE USED., COFIED AMND/ OR MODIFIED
FREE OF CHARGE FOR NON-COMMERCIAL LISE,

THIS DRAWING MaY BE USED TO CREATE YOUR OWwN
SEXTANT, HOWENWER TS USE IS AT YOUR OWN RISK, I
H&awE MNOT MADE A SEXTANT TO THIY DEXIGW YET, HOWEWER
IT WILL BECOME MY FRIMARY MODE OF NAWIGATIOMN IN MY
YACHT UNTIL I FIND HOW TO MAKE A DIV GPS <0 IT'LL
REMAIN MY PRIMARY MODE OF NAWIGATION THEMID

vaOu MaY MODIFY THIS DRAWING TO YOUR HEART'S COMTEMNT,
FLEASE ACKMNOWLEDGE MY WORK THOUGH, aND DON'T SELL
THE MODIFIED DREAWING,

IF ¥OU MakE aNDys OR SELL SEXTANTE TO THIs, OR A
MODIFICATION OF THI=. DESIGM. PLEAZE LET ME KMNOW — I'D
BE INTERESTED AND GRATIFIED TO HEAR FREOM YOU,

IF ¥OU FIND aNY ERRORS WITH THE DESIGN, CONTACT ME
AL S00W AS POSSIBELE PLEASE. SUGGESTIONS ARE WELCOME
Tao. IF yOu DO COMMENT. FLEASE MAKE IT CLEAR IN THE
E-MaAIL SUBJECT TITLE, AX I TENWND TO DELETE E-MAILX
FROM UNKNOWN SENDERY BEFORE READIMNG THEM.

Just for info.. I've deliberately left the e-mail address as a graphic to help stymie spammers.
We get enough unsolicited e-mails from spammers not to want to help them by giving a plain
text address to be scanned automatically.

Regards

Richard Williams, B.Eng(Hons)(Mechanical)
Kent, England, Mar 2004.



12) Progress

Right. How far have | actually got?

Not very far really.

So far I've been concentrating on doing the fiddly little bits, while working up my nerve to
attack some of the bigger milling jobs. Anyway, the photos below show what progress I've
made to Mid Dec 2003 (when | took the photos). I'll add more photos when I've finished the
film I've got in my camera. And, yes, | do have a very low tech, entirely mechanical, SLR film
camera - but | didn't make it myself! (I can't do optics, remember?)

First the Handles (items 25 & 26), 105-year-old oak door sill that the handles were cut from
and timber slices:-

Some of the small parts. For reference the caliper is set to 10mm:-



Machining the Pivot Bolt from 1/2" brass bar:-







