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Shay Tanks
Part | - Background & Fuel Tank
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Initial: 7/11/03 Last Revised: 12/27/2008

Two tanks are used on the Shay, a water tank &mel gank. 1'm planning to burn oil so both tarsks
functional. My experience working with sheet mdtas been mostly bad so | was not anxious to idd
tanks. In fact there were many interesting thitagaork on such as the water pumps, brake cylineter,
However, the tanks were beginning to loom over mgdso though it best to get to it. Once startetlirned
out not so bad ---- in other words, a tank fabrazaprocess that made it difficult to screw themwas
developed.

Research:The first step was to decide on how to pi
the sides and the rivet detail. Kenneth fabricébed
rounded corners and then riveted the four sidéiseto
corners. That's a lot of rivets but it also insutlee side:
are square with the corners. That's a photo ofKe i i rEON RNY
tanks on the right. = MR _'5- et 5 e e

The tender tanks on the Cass shays had
photographed on previous visits in anticipation of &4
building tanks. None of the tanks on the Cass Shaggi® : ! .

the same. Also, probably none are original, soha®e i RS TS R
lot of latitude here. The tank on Shay No 5 has no
rivets, it's welded construction. All of the C&isays
burn coal so all have coal bunkers instead of tiaeks.

The photos on right show the tender tank on Caay S

No 6. One piece of steel is used on the sidedaokl. s
There has to be a seam in the front but | failed th &
photograph that seam. There is a close spacedfrowg =
rivets at upper and lower edges to attach sidésettop &=
and bottom. There are also staggered verticas adfw
rivets that attach internal supports.

On Cass No 2., the tank sides and rounded corne
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single pieces with the flat ends riveted to thesidThis -
has the same close spaced rows of rivets to dttaeciof *
and bottom as Shay No 6. The rivets attaching the & y
internal braces are in a straight vertical row eath .
staggered row as on Shay 6. There is also a close |
spaced row of rivets around the outer edge ofdpe+t- 4
| think they're hidden by dust and dirt on thp.to S

| decided to make my tanks like Cass No 2 tanks.
the water tank, will use four pieces: two sidedhwiite
corner bends and two ends. There will be foteriral
vertical braces on each side and one on each €od.
the fuel tank | decided to make the front, two sidad
four corners from one piece and the back from ars@
piece. There will be one vertical brace on eadk and
the rear and two braces in the front.

Rivets: The rivet heads on Cass Shay No 6 are 0.95 inahggeter. The rivets in the rows along the top and
bottom are spaced on 1.6 inch centers. For 1/8,9tés scales to a 0.119 inch head and 0.2 ipahisg. It
was soon learned that you buy rivets based on sianketer, shank length and head style --- sdikef
machine screws. However, the head diameter wasimpsrtant so went to Internet and found the fwllg
specification for small round head rivets ( jay-saées & rivets, inc --www.rivetsinstock.com

Round Head Rivets Normal D A H R
Size . Shank Head Head Head
or Basic Diameter Diameter Height Radius

Shank

Diameter Max Min Max Min Max Min Approx
1/16 0.062 0.064 0.059 0.122 0.102 0.052 0.042 0.055
3/32 0.094 0.096 0.090 0.182 0.162 0.077 0.065 0.084
1/8 0.125 0.127 0.121 0.235 0.215 0.100 0.088 0.111
5/32 0.156 0.158 0.152 0.290 0.268 0.124 0.110 0.138
3/16 0.188 0.191 0.182 0.348 0.322 0.147 0.133 0.166

]

Notes approx. proportions
A=1.750xD
B=0.750xD
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R=0.885xD
Length tolerance for rivets shall be + or - 0.016

This says 1/16 inch shank diameter rivets are requiNone of my normal suppliers carried 1/16'htkéer
rivets. The smallest Coles lists is 3/32" diameteen Schroeder told me to use copper rivetshthss rivets
are too hard to bend over. jay-cee sales had bfa8s rivets, but no 1/16" copper rivets. @drsome of the
brass rivets and Ken is right, they're too haremids me of something a female colleague once $amd20
men will listen to good advice, the other 19 witl ghead and pee on an electric fence.) Founglacse with
1/16" diameter 1/4" length copper rivets at $20/500at seemed high. Finally used search engine
www.dogpile.conto find Hanson RivetWww.hansonrivet.cof). They carry 1/16" diameter 1/8" long copper
round head rivets for $34/pound. A pound has dy@00 rivets so that looked like the best dedie Jales
person was very nice.... suspect he normally seltsts of tens or hundreds of pounds but was hapell me

a pound and accepted payment via credit card.

Tank Material & Construction: Kenneth suggests using brass or galvanized stetiddanks--22 gauge fo
the sides and bottom and 18 gauge steel for theli@palso suggests bending some 1/2" X 1/2" arfgbes the
side material to rivet to sides and ends to suppprand bottom. After digesting this | sentsh &f questions
to Kenneth. As to the material, he said he's et brass and steel and been happy with bothdidHeote
that the water tank is subject to corrosion séeékis used, it should be galvanized and it wautbably be a
good idea to paint the inside with one of the eppayts made to seal water tanks. | also questiovhether
the water tank would support a fat (180 pound)iresgy. He said he's had a much bigger enginearttia on
his shay and no problem. As for the soft soldermgguses acid core solder, an acid flux and & lakgctric
soldering iron.

Bending Tool: | then reviewed several of Kozo Hiraoka's booksil@ng the ShayBuilding the Heisleand
Building the Climay for tank construction techniques. For his 3/gle Heisler tank he used 1/16" (16 gauge)
brass for the sides so maybe | should go a ligkevter than the 22 gauge Ken suggested. Hiraakgests a
really neat tool to make the corner bends ----was a breakthrough for me. Ken suggested foritiiag

corners around a piece of 1/2" pipe but | coulsed how to do that with any precision. Hiraokathhique

was to use a couple bolts to draw a piece of aanggénst the round forming piece with the sheet hieta
between

Here's my crude version of Hiraoka's --- that's
1/2" (0.825" OD) pipe, 1"X 1/8" angle and 1/4" tsol |
tested it on both 22 gauge steel (pictured here )adso
on 18 gauge steel with excellent results on both.

(Note the corrosion on the steel. This was after |
returned from a few weeks volunteer work in Africa.
When | was gone the spouse decided that it wa®d go
time to clean up the workshop so she scrubbed and
painted the floor. Apparently she also used aglam
cloth to remove the dust from the sheet steel. it Wa
she goes away for a few days --- I'm going to clgan
her sewing room for her ---- using the sand bl&ster

The bolts were later welded to the angle to make it
easier to use. As we'll see, these bolts wilbremme
additional attention.
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e
After making a few test bends | realized that thend corners are very forgiving --- the corner aatually be
moved slightly if necessary. This capability heé to the basic construction technique ---

Drill all the holes for the rivets and instaleis (except near the bends).

Install internal braces.

Make bends.

Join sides and ends to form a band.

Cut top and bottom just fit into the band--- nmgksure pieces and hence sides are square.
Solder the inner top and bottom into place.

ourwNE

The plan is to use two tops. The inner top ise@d into place to provide rigidity. This inneptbas a large
hole in the center to provide access to the insfdbee tank. The second or outer top is slighthaller, sets
over the inner top and is held into place by a lbeston head screws (fake rivets). The outer topiges the
seal and has the finished appearance.

OK, what about all the rivets? The rivets thahjthie ends of the sides and the end pieces wiladgtfunction
as rivets. The same for the rivets that go ineouértical reinforcement angles. The rest of thets,
specifically the rows along the top and bottomhef $ides are there for decoration only --- I'ldgwlthem to
hold them in place and also seal the holes. Me¢sraround around the outside edge of the remevap are
also for decoration.

Geometry: One of the first tasks is to determine the dimamsiaf each piece. The rounded corners compl
things a bit as shown in diagram below. The cusattion starts a distance of one half the diancdtdre
curvature back from the corner as shown on lethink of each side or end piece ending at theeteftthe
rounder corner because that is where | need t@ @aoark to line up the bending fixture. Theatise from
the start of the curve to the center of the rounuiatlis one eighth the circumference of the rofanch orp
D/8 or 3.14 D/8. This means that the lengthhefgide is reduced by the factor [D/3:14 D/8] at each end
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This factor can be rewritten as 0.107 D. I'm gsiti2" pipe for the curved form. The diametenuf pipe is
0.825 inches so the factor 0.107D is 0.88". | dmirthat up to 3/32" which will make the tank stigtsmaller
(and also increase the probably that the baséowidl tight fit or have to be cut down).

_.| l— pr2 7 |<—3.14 D/8

The tanks are 7" high and 12.125"" wide. They miamfloors that are 12.375" wide so there's onh28"
margin on each side --- not much room for erraane I'd already cut the floors. Then | started/émder
whether | should take into account the thicknesh®imaterial. To be safe | decided to use a wddtiension
of 12" and assume it's the inside dimension otain&. | was less concerned with the length oftamis (22.5"
for the water tank and 7" for the fuel tank) sitivere is plenty of margin in that direction.

Marking off the fuel tank sides & ends: Kenneth suggests that the seams for the end pdiecalsout 1" from
the corners. The tanks are 12" wide so | decideddke the end pieces 10" long, hence the endgaree’" X
10" pieces. The fuel tank is 12" wide and 7'gorRecall that | decided to make only one endepiecat the
back. The total distance around the tank if traers were square would be 38". Because of tineding,
each end of the sides and ends are shortened BYi¢th or a total of 8 times 3/32 inches or 3/4kimg the
total distance around the tank 37.25". | decieldp each joint by 1/4" so there requires anteaal 1/2"
for the two laps. The end is 10" wide so the offiece must be 37.25" - 10"(for the end piece)"ffobthe
laps) = 27.75" The layout for that piece is shdeiow.

i 27.75"
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Marking off the water tank sides: The water tank is 22.75" long, 12" wide and 7" hidgite same width and
height as the fuel tank. The end pieces are 70"Xthe same as the back piece of the fuel tanksed a
technique similar to that for the fuel tank aboyedmpute the length of the sides with cornerset@4.875"
The layout for the sides is shown below.
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: 24 875" |
enterlines for bends
H A 4
le 22 562" sl b

Water Tank Side (2 required)

Sheet Metal List: After all these computations | was able to makeéhgpmaterial list for the steel store.
Kenneth had suggested 22 gauge for the sides dtmirband 16 gauge for the top. | decided to useagazed
steel and make things a bit heavier: 20 gaugehosides and ends and 14 gauge for the top anshioffhe
complete list is:

20 Gauge galvanize:
3 pieces 7" X 10" (the ends)
1 piece 7" X 27.75" (fuel tasikdes and end)
2 pieces 7" X 24.875" (watmmnk sides) (These dimensions were corrected 1827/0
~10 linear feet of 1/2"X1/2igde bent from this same material (for internahfeicing)

14 gauge galvanized steel:
3 pieces 12.125" X 7" (fueikebottom and tops - slightly oversize)
3 pieces 12.125" X 22.75" (@raank bottom and tops - slightly oversize)

| faxed the order to steel store in the morning et visited Mill Creek Central RR to learn abtratk work.
Spent most the day learning about cutting tiesstopped by steel store on way home. They wereajustit to
start the cutting. Man do they have a big shearhydraulically operated --- can handle a 13 fmdtof 1/2"
thickness ---- if | only had more room my shop....

They cut everything as ordered; the pieces wetleg@orrect dimensions and square. One differéooe the
order -- they didn't have the 20 gauge so they adadger gauge. When | got home | found the saohesends
were 0.56" thick. That's 17 gauge --- but may!seli8 gauge with 3 or 4 thousands of galvanizeimgpan
each side. Wow -+forgot about the thickness of the galvanizegsylad | decided to make that 1/8" reduc
in the width of the tanks!

Rivet Hole Templates:There are about 700 rivets in the fuel tank andiath800 in the water tank so I'm not
about to try marking off and center punching thangholes ----- after the first few, there'd b&taggered
row. The solution of course is to make a set dlirty templates using the indexing capability bétmill

table. Three templates are needed as follows:

1. Holes centered 0.125" from the edge for the laweron the sides and ends and the edges of phe la
joints. The hole spacing for this template is 2per inch).

2. Holes centered 0.625" from the edge for the upp&ron the sides and ends. The hole spacindier t
template is also 0.2" (5 per inch).

3. Holes in a row perpendicular to the edge stadin®.5" from the edge and ending 6.125" fromettige
for the vertical reinforcing braces. The hgd@a@ng for this template is 0.375"
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The three drilling templates are shown on
right. To drill the holes, the template is held
firmly against the edge and the end hole is
drilled. A #0 screw with nut is installed in the
hole to hold one end of the template. A hole
then drilled in the other end and a second sct
and nut installed. The screws hold the templ
in place so the holes in between can be drille
very quickly. The screws are then removed
the template is then slid down the sheet and
end secured with a screw through the last ho
drilled so that proper spacing is maintained.
Works slick!

Before starting on the actual tanks | made se
test runs using the drilling templates and the
bending fixture on scraps that | collected at tt
steel store. The piece on the right is the ernd
of one of the side pieces ---- it's 18 gauge
galvanized. | soldered the rivets in place usir
paste flux and acid core solder and the very f
tip on the Sievert propane torch. The solder
flowed very well on the galvanize. I'll have to
also try an electric iron as Kenneth suggestec
The paint is from an old partially used aeroso
can of engine paint. This sample looked go
to me so it was time to do the real thing.

Fuel Tank Construction: | started with the fuel tank.
drilled all the holes in the rear end piece fisshown &
on the right. (The piece is actually square, tiseodion &
is due to camera angle.) After confirming tiet hole & =

pattern was correct, | used this plate as a patibednill =
an identical hole pattern in the front and rear piedes
for the water tank.
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The next step was to use the end as a patterlt
mating holes in the large piece that will beconeeftiont
and sides. The two pieces were clamped togetiter ¢
two holes drilled and #0 screws inserted to hotd th |
pieces in position. An additional set of holesavilnen
drilled at the other end of the long piece.

I next put rivets in the top and bottom of the read

piece. These rivets were temporarily held in plage
masking tape over the heads and then solderddas |
using Ruby Flux and 50/50 acid core solder. Trats. =
old 200 watt soldering iron | bought for $5 at aagge -
sale some 20 years ago. (The tips cost more than $
now and | got at least 6 tips with it.)

After the rivets were soldered the ends were fheitk
against a piece of tool steel (lathe bit) as showthe
photo. The head of the rivets were driven withuach
made from 1/4" drill rod. The end has a recessana - GO it b O e e
with a # 3 center drill (~ 7/64") that matches tivet
head. That's the lower row of rivets on the sroe#f
piece.

The next step was to rivet the stiffeners into posi
First the stiffeners were clamped to the side or en
pieces and the rivet holes used as a patternlto dri .
through the stiffener. | drilled a couple holesl gt in =
a couple #0 screws to hold them in position whike t
rest of the holes were drilled. Rivets were thestalled
and the ends flattened. As shown on the rightpthrect
for the head is held in the vise and the end fiattiewith
a flat end punch --- or just use a hammer and fahge
flat end punch.

After the stiffeners were riveted in place the seamd
rivets were sealed with solder. The iron workeallye
well. The photo shows the long piece that willcoene
the sides and front. Note that some rivets arsings
That's the area of the bends for the corners. hEhes
would interfere with the angle part of of the bergi
tool. Another point, one side of each end of the
stiffening angle is notched so that it doesn'triete
with the top and bottom rows of rivets.
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This photo shows positioning the bending toc
preparation to making the first bend. The positbthe
side of the pipe was carefully calculated and mess
(The earlier drawings show the position of the lsend
relative to the edges. The side of the pipe isooirse
half the diameter of the pipe from the centerlihéhe
bend.

Everything started well and then one of the baltke.
And, that red stuff ain't paint ------ too latedaution
about the sharp edges. The original bolts wece po i
quality carriage bolts. Replaced them with a cedple;
thread grade 8 bolts. No more problems.

Success!!! | was really worried about whether L
get vertical bends in the correct position. Itded gooc
and then | fastened the rear end to the bent piébe
four #0 screws and nuts. This is the front side.

|-‘I

This is the rear side, Still have a lot of rivitsnstall.
Before proceeding | smoothed all sharp edges with a
file.
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This shows the first three rivets between the esak an
the sides. Note that the seam is much narrowesrund
the rivets. All the remaining rivets were instdll¢he
rivet ends were flattened and the seams and pestied
with solder.

Next the inner top was cut to fit and solderedlace. (
want a liquid tight seal around the inner top softrel
oil doesn't seep out the top. | plan to use agfask
between the inner top and the the outer top to ¢etep
the seal.) The bottom was then cut to fit andes@d.
initially soldered the top and bottom seams with th
iron. The easiest way | found was hold the tark 45
degree angle with the seam at the bottom, cutce mé
solder the length of the seam and lay it in thersekix
the seam and then run the iron along the seam. The
resulting seam was liquid tight but not uniformlso
applied Ruby Flux along the seam again and thed us
the propane torch to carefully heat the seam thil
solder flowed creating a more uniform fillet as smcon
the right. After this step the solder appearekaee
flowed uniformly into the seam making a strong s¢

This is the back with top and bottom in place.he
white stuff on the side is soap residue.

file://D:\Nelson's Documents\NLW\Shay\Tanks\Tankalksl.htn

PagelC of 12

12/27/200:



Shay Tanks Par

The front of the tank. The smudges are soap resit
The difference in the tank color between this plaotd
the one above is due to the flash in the previtws@
and no flash in this photo.

Pagell of 12

The fuel tank at this point is a success. Theagézed steel worked great; glad | used it rathan brass.
The soldering went much easier than expected Wwétsolder adhering very well if the joint is fluxed@ihe
Ruby Flux tends to not wet the surface very welewlgold but when heated it flows and coats theaserf
The 50/50 solder (50% tin/50% lead) worked verylwe. (With the use of lead in the solder it'shpably
wise to not drink the water from the water tank same goes for the oil in the fuel tank.) Thelsti®es solde
differently than brass or copper because it's agyamnductor --- it's easier to get a small poirdolder to

flow and more difficult to get a large section likdew inches of a seam to flow all at once.

Update-Mounting: The fuel tank had been finished "
some time when | got around to worrying about the
mounting arrangement. The water tank mount was
made first using screws into the tender floor vifith
heads inside of the tank.. Rubber washers wei use
under the heads to make a water tight seal. Haweve
when the screws are removed any water leaks out the
holes.

It was decided that the fuel tank should be remiavab
without draining the fuel and without leaking fuel.
Tank removal will be necessary to access plumbing
under the cab floor.
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The mounting fixtures shown in the photo aboveewer
fabricated from 5/16" brass rods. (The heighthufia

1" was overkill; 1/2" would have been more than
adequate.) The fixtures were soft soldered th saite
of the floor of the tank.

Update-Drain: A drain was installed in the right sid
The valve is a common hardware 1/8" pipe valve
connected to a street elbow. There is a staistess
washer and rubber sealing washer between the elbow
and the bottom of the tank. There is a 1/8" NTUPam
the inside of the tank screwed onto the male enteof
street elbow. The output pipe is 1/4" tubing sof
soldered into the end of the valve. A length d@f'1D
hose will be slipped over the end of the tube wien
tank is drained.

This is a good point to end this section. Stikdéo make the outer top with the hatch. Willtklat as well as
show the construction of the water tank in the mext. The control valve and output to the burmdirbe
shown in the burner page.
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