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Book Descriptions:

Diy Manual Espresso Machine

I am interested in engineering and science and like making stuff in my free time.Fundamentally, the
espresso is characterised by the brewing method; hot, pressurised water pushed through finely
ground coffee causes the soluble material within the ground coffee to dissolve in the water, forming
the coffee that we drink. In principle, the process is simple. In practice, there are several variables
that we need to simultaneously control the main ones being water temperature, water pressure,
water flow rate, brew time, type of bean, roast of bean, grind size and grind quantity. These
variables can be characterised into two groups relating to the water and relating to the coffee. The
grinder is typically used to control the variables relating to the coffee, whereas the espresso
machine itself controls the variables relating to the water. In this instructable, I will take you
through the design and manufacturing steps required to make a simple lever espresso machine to
control the water flow rate and pressure through ground coffee and ultimately make delicious
espressos. It will require the use of a metal working lathe I used a Myford Super 7 and, ideally, a
milling machine. The system is designed to be simple and easy to make; therefore, the water is
heated in a kettle and poured into the machine, rather than heated in the machine itself. The
cylinder is lined with foodgrade acetal to minimise heat loss while brewing and the pressure is
generated using a mechanical lever, rather than an electric pump, which are used in most
commercially made coffee machines. A fitting is machined to the bottom of the cylinder to
accommodate a La Pavoni portafilter new group; however, the design is easily modified to fit a
different portafilter or even a custommade one.Can be machined from 16, as used for the con rod
Gudgeon pin washer 14 mm diameter stainless steel 303. Can be machined from 16, as used for the
con rod Cylinder 2.http://d2005.ru/userfiles/canon-ftb-manuale-prezzo.xml

diy manual espresso machine, diy manual espresso machine, diy manual espresso
machines, diy manual espresso machine parts, diy manual espresso machine for sale,
diy manual espresso machine manual.

The lever provides the mechanical advantage required to generate the required pressure within the
cylinder. Most commercial machines are calibrated to operate at 9 bar pressure, so this is the target
pressure. The pressure can be easily calculated from the mechanical advantage provided by the
lever and the piston area. The area of the piston is also determined by the volume of espresso
desired, as is the piston stroke and therefore cylinder length. The piston stroke is a function of the
minor lever length, which effects the mechanical advantage. All of this can be modelled with simple
equations, as shown in the attached document. I have done my best to optimise the design based on
my preferences but please do try out changing design aspects to meet your personal preferences.
Although I was trying to keep the design of the machine as simple as possible, I felt it was necessary
to include a oneway valve in the piston. This allows water to flow through the piston when the lever
is lifted but pressurise the water when the lever is pushed down. This enables the user to fill the
cylinder with hot water without completely removing and reinserting the piston into the cylinder
before the water goes cold not something you want to be doing before your morning coffee. When
the lever is lifted, a small piston inside the main piston moves upwards slightly which opens a
pathway for water to run through the piston assembly. When the lever is pushed down, the small
piston seals against the inside face of the main piston. This is easiest to understand from the CAD
model next step. The prototype cylinder was initially made from one piece of aluminium. However,
due to the thermal conductivity of the material, the water wouldn’t maintain its heat when brewing,
unless the whole cylinder was heated beforehand. The final cylinder hence incorporated an acetal
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liner which insulated the hot water from the main body of the
cylinder.http://www.bajda.bielsko.pl/userfiles/canon-fx-105-manual.xml

The thermal conductivity of acetal is approximately 700 times smaller than the thermal conductivity
of aluminium. Several prototype designs were manufactured and are shown in the images including
disasters. A picture of my dads version is also shown last image. Rest assured that the final version
has been making two espressos per day for the last few months with no explosions. Attachments
Espressomachinecalculations.pdf Download Add Tip Ask Question Comment Download Step 2 CAD
Files This step includes all the part files in SolidWorks 2020. The assembly files cannot be uploaded
to the Instructables website, but can be downloaded from GrabCAD here Thanks to Hazel Mitchell
for creating the CAD model. It is also possible to make a screwon portafilter instead of using a
commercial one and screw cutting the cylinder to fit. The cylinder is first bored to size. This
dimension is not too critical because the plastic liner can be later machined to fit. The recess can be
machined to a slightly larger diameter than the body of the portafilter. For the new La Pavoni
portafilter, the recess can be machined to 60.5 mm in diameter the body of the portafilter is 60.0
mm in diameter. Do bear in mind that the shower screen and gasket needs to be a snug fit into this
recess; this may require a small taper or step down in diameter. The groove to accept the portafilter
tangs can then be machined. The cylinder can be mounted to a rotary table in the milling machine to
make the notches for the portafilter tangs to slot in to. Use a Dremel to grind a short leadin to make
slotting the portafilter into place easier. A gravograph engraver was used to engrave the lock symbol
onto the cylinder. The engraving is not essential but is very useful to help align the portafilter so it is
recommended to apply some sort of mark. Three holes can be drilled and tapped M6 in the side.
Ideally, they should be blind, but it is not essential.

The internal finish needs to be as good as possible and the bore needs to be parallel apart from a
small internal chamfer at the top to guide the piston in when fitting. The liner should be a tight fit in
the cylinder. The thickness of the flange is critical because it determines how tight the portafilter is
and therefore ensures a good seal between the portafilter and cylinder. This will involve fitting the
shower screen and gasket most likely multiple times to test the fit. The flange thickness can be made
oversize, fitted to the cylinder and then machined while attached to the cylinder. If machined too far,
the liner can be removed, and a shim can be fitted behind the flange before reinserting it into the
cylinder. If using the La Pavoni gasket, an internal radius should be machined to match the gasket.
The shower screen should be a tight fit to prevent it falling out during use. From here on, the
cylinder and cylinder liner subassembly will be referred to as the cylinder. Add Tip Ask Question
Comment Download Step 5 Piston The piston can be made from brass or stainless steel. The Oring
grooves should be left oversize and tested for fit in the cylinder before machining to final size. The
upper groove is less critical so should be machined first. The internal hole should be bored to 25.00
mm and should have a good surface finish. The bottom of the internal cavity should be flat and also
have a good surface finish because the valve piston will need to seal on this face. The hole in the
bottom isn’t critical but was drilled to 8 mm diameter. This hole will allow water to flow through the
piston when the handle is lifted. Small external chamfers or fillets on the top and bottom reduces the
risk of the piston scratching the inside of the cylinder when it is being fitted and removed. With no
Orings fitted, a 0.2 mm diametrical clearance between the piston and cylinder is advised so no
rubbing occurs during use; this clearance also accounts for thermal expansion.

https://formations.fondationmironroyer.com/en/node/12628

The aim is for just the Orings to contact the inside surface of the cylinder. A mandrel was machined
from square aluminium bar to fit snugly into the internal hole in the piston. The end of the mandrel
was drilled and tapped M8 so the piston could be bolted securely to it. The mandrel and piston were
mounted horizontally in the milling machine so the slots and flats could be milled. If the mandrel was
machined concentrically, it can be flipped by 180 degrees to mill the opposite side without needing
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to set the piston back up again. Add Tip Ask Question Comment Download Step 6 Valve Piston The
valve piston is the small piston that slides inside the main piston. When the handle is pushed down,
the bottom of the valve piston seals against the inside face of the main piston, allowing the water to
be pressurised. When the handle is lifted, the valve piston moves upwards, which allows water to
flow through the hole in the bottom of the main piston, around the smaller diameter part of the valve
piston and then through the valve piston conrod slot. A movement of just a few millimetres is enough
for this to be effective. The valve piston should be machined to a diameter of 24.9024.95 mm while
still attached to the bar. The groove should be machined while the workpiece is still attached to the
bar stock. The hole for the gudgeon pin needs to be drilled and reamed accurately perpendicular to
the slot. The groove in the bottom of the valve piston holds an Oring to help the valve piston seal. A
small angle on the inside of the groove helps hold the Oring in place see diagram. Add Tip Ask
Question Comment Download Step 7 Conrod The conrod is made from stainless steel and can be
shaped according to your preference. The conrod could be left at 16 mm diameter; however,
material removal is advised to increase the available volume and to reduce the amount of metal that
needs heating during brewing.

The holes require bushings made from brass or bronze to prevent galling with the pivot pin and the
gudgeon pin. The flats are simply milled in a milling machine or using the vertical slide on the lathe
cross slide and then cleaned up with a file. Add Tip Ask Question Comment Download Step 8
Gudgeon Pin This is a straightforward machining task. The circlip groove should be machined
according to the circlip dimensions. The pin should be polished and carefully turned to the correct
dimension. 303 stainless steel is adequate but, if you are feeling super keen, a martensitic
stainlesssteel alloy could be used and the pin could then be hardened and tempered. Add Tip Ask
Question Comment Download Step 9 Gudgeon Pin Washer This is an optional component it is simply
a washer that sits between the circlip and piston. Ideally, a custom washer is machined, and the
back face is polished to reduce friction but a standard M8 washer will work, provided it is made
from stainless steel. Add Tip Ask Question Comment Download Step 10 Lever Joint This component
allows the handle to be attached and connects the conrod to the back board. The slot for the con rod
can be milled as a straightwalled through hole but it does look neater if made blind. Therefore, the
hole needs to be the correct dimension and the angled sides allow a large contact area with the
codrod at these limits. The conrod pivot should be drilled and reamed 8 mm on one side and tapped
M8 on the other. The other pivot should be drilled and reamed 8 mm. The curved recesses on each
side around the main pivot hole can be turned on the lathe by mounting the block to a faceplate. Add
Tip Ask Question Comment Download Step 11 Handle There is a lot of potential design freedom with
the handle. It could be a rod which screws into the lever joint, it could be made from wood, or it
could be a tube that slots onto a boss machined onto the lever joint my chosen method.

Add Tip Ask Question Comment Download Step 12 Pivot Block The pivot block attaches the lever
joint to the back board. The part can be shaped as desired. The main thing to be aware of is to
ensure the hole is exactly perpendicular to the slot. The hole is plain 8 mm diameter on one side and
tapped M8 on the other, much like the conrod pivot hole in the lever joint. This part could be
machined from solid or fabricated from two parts. Add Tip Ask Question Comment Download Step 13
Pivot Pins The pivot pins are most easily made by cutting an M8 thread onto the end of a length of 8
mm stainless steel, held in a collet. The thread is best formed by screw cutting in the lathe, but a die
may also be used. After cutting and facing to length, the slot can be formed with a hacksaw, a knife
file or a slitting saw. Clickspring has a video demonstrating how to align the screw slots Add Tip Ask
Question Comment Download Step 14 Back Block This part is required to fit the cylinder to the
stand. It can be machined from metal, wood or nylon. If metal is used, it is best to match the
material used for the cylinder to avoid galvanic corrosion of either the cylinder or the block. One
side is flat and the other is radiused to fit against the cylinder. The radius is best machined by



mounting it on a vertical slide which is attached to the lathe cross slide. A boring bar can be
mounted between centres and the cutter adjusted so it cuts a scoop of the same radius as the
outside of the cylinder. Add Tip Ask Question Comment Download Step 15 Stand The stand should
be designed based on personal preference and available materials. I chose a dark hardwood for
mine, but it could also be made from metal. If using wood, the backboard should be at least 30 mm
thick to ensure adequate stiffness. A recess for the pivot block can be made with a router or on the
milling machine.

Once the cylinder mounting holes have been drilled and the back block has been glued to the back
board, a few coats of varnish can be applied to finish. Rubber feet can be fitted to the bottom to stop
the machine from moving on the worksurface when in use. Add Tip Ask Question Comment
Download Step 16 Cylinder Securing Nuts Due to the short lengths of thread in the side of the
cylinder, it is best to make sure the studding is screwed in all the way into the cylinder. Therefore, to
fix the cylinder in place, a nut is required on the other end of the studding i.e. long bolts are not
suitable because thread engagement in the cylinder wont be maximised. The easiest way to do this is
with penny washers and nuts, as shown in the CAD model and the first picture. The best way to do it
is to machine special blind nuts with a screwdriver slot much like the ones used for hand saw
handles, as shown in images 2 and 3. Add Tip Ask Question Comment Download Step 17 Assembly
The final assembly should be straightforward; however, be prepared to make some small
adjustments to some components to enable the system to work smoothly. Before assembly, give the
components a thorough clean. A smearing of machine oil or grease can be applied to the two pivot
pins but use a foodsafe lubrication for the gudgeon pin and piston Orings olive oil, lard or butter are
all good options. I suspect that the lubrication on these components gets washed off after a few uses,
so this is mainly to aid assembly. If there is a slight misalignment in the linkage mechanism on
assembly, it might feel stiff. Ideally, the valve piston should move freely in the main piston; if it
doesn’t, try skimming down the outside of the valve piston. When the handle is lifted all the way, the
top of the piston should align with the top of the cylinder. A small amount of sidetoside play on the
handle is expected. If it is scraping, mount the piston back on the mandrel and remove a small
amount off the diameter.

Add Tip Ask Question Comment Download Step 18 Tamper A tamper can of course be bought but if
you have gotten this far in the project, you will be able to make one. This is a simple turning job and
can be machined from bar stock or from thick plate. A piece of studding screwed into the tamper
base works well for attaching the handle. Ideally, the handle should be made from the same wood
used for the stand. The tamping face can be any desired shape but the most popular choices are
either flat or slightly convex. Add Tip Ask Question Comment Download Step 19 Make and Enjoy
Your First Espresso. The process of making an espresso with this machine is very similar to any
other lever espresso machine. You will need a good quality grinder so you can properly dialin your
grind size. Always make sure you preheat the machine and your cup by filling with boiling water at
least once. If you are using a portafilter with a spout, that will also need preheating not necessary if
using a bottomless portafilter. Aim for a 30 second extraction time with 1520 kg of force on the
handle see calcs from the design stage. Make sure you lift the handle to release the pressure before
removing the portafilter. Enjoy! I would like to acknowledge Hazel Mitchell for the CAD model and
my father, Alastair Godfrey for his considerable help with the design and manufacture of the
machine. Add Tip Ask Question Comment Download First Prize in the Coffee Speed Challenge View
Contest Share it with us! I Made It! Recommendations How to Make Handscrew Clamps I made my
machine using all steel and its a terrible heat sink. Its almost impossible to bring it up to the
required temperature using boiling water to preheat. What I want to know is how is delrin holding in
terms of dimensional stability after months of continuous use in hot water. Can you please let me
know if the delrin liner ID and hence its required sealing for O Ring still holding.



Also what do you do for pre heating and does the assembly come up to required pre heat level of
about 90 degrees celsius Thanks I made the piston to fit the cylinder, so the liner ID wasnt too
important. I made my liner ID 41.6 mm but in the CAD it is 42 mm. Make sure you have about 0.2
mm in diametrical clearance between the piston OD and the liner ID, so the piston itself doesnt rub
on the cylinder liner and just the orings make contact. I would suggest trying 0.20.4 mm of
diametrical squash on the orings, so if the liner ID is 42 mm, the bottom of the oring grooves should
be around 36.3 mm in diameter for a 3 mm oring. Of course, if you overshoot, 3.5 mm orings are also
a standard size, so you have a fallback option. I would also try making the piston oversize and
testing the fit before finishing the piston or liner undersize if you are machining the liner to fit the
piston. With regards to dimensional stability, the delrin is fantastic. No measurable or noticeable
changes to the liner or the orings after almost 2 years of making 2 coffees a day. And I find it gets up
to a satisfactory temperature after 1 preheat but I usually do 2 preheats by filling the cylinder with
boiling water. After 2 preheats, I find the water ends up at around 85 degrees C, and after 3
preheats the water is usually at around 90 degrees C but its difficult to go hotter. I find its easier to
go hotter with a stovetop kettle, rather than an electric one and using a naked portafilter makes a
huge difference, even if you preheat the spouts on a standard portafilter. 0 devalvyas
mikerobertgodfrey I just wanted to know. Have you tried to attach a pressure gauge to the delrin
cylinder. Regards 1 mikerobertgodfrey devalvyas Its on my list of things to do. I havent decided on
the best approach for this yet so let me know if you have a good solution. 0 devalvyas
mikerobertgodfrey But 1st attempt was failure. I am somehow not able to upload pics. My cylinder is
8 mm thick.

So threading per se is no a problem. But I am bit skeptical about delrin material holding the threads
at this pressure and 100 degrees celsius temperature. As a long term solution. 0 mikerobertgodfrey
devalvyas Hardly takes 3 bars pressure before leakage on normal room temperature water. May be I
have done it wrong. But the easiest way seems to take a pressure tapping directly from the piston.
For metallic piston this is easy. I have done it before. However I made my piston also from delrin.
For better temperature management. Dont know if that will hold any way. As its 30 mm thick vs 8
mm of cylinder thickness. Regards 0 devalvyas devalvyas First of all congrats for the project. The
one that your dad made is incredible beautiful. I already ordered the La Pavoni parts to try this
project, I have one doubt. I attached a screen shot of a section of your assembly file and the question
is, the piston can go down as it colide with the screen shower. If yes, does it can push the screen
shower off the cylinder. Thanks in advanced! Sorry for the slow reply, Ive been away for a few days.
I think Hazel has sorted this issue. The aim is to get the piston as far down the cylinder as possible,
but you dont want it to fall out of the cylinder at the bottom of the stroke. The piston is stopped by
the angled slot in the lever joint, as Hazel mentioned, so its important to get this right. Let me know
if you have any other questions, and it would be great to see a photo of your one once its finished! 0
njunior84 mikerobertgodfrey Now I see the angle slot in the lever joint. I tweaked the con rod length
and this angles to fit the piston inside the cylinder and dont colide with the shower screen at its
lowest position. I decided to use brass in the piston as Hazel mentioned. Attached is a render of my
final project totally based on yours. I just did a metal base, metal column, a screw on porta filter and
an outer wood sleeve for the cylinder. I hope my lathe skills let me assembly this.

Thanks very much for the project and for answering my questions. As I will machining I will post
some pictures here. Kind regards! 0 HazelM5 njunior84 You can replace just the conrod file in the
CAD folder and the assembly should update around it. 0 HazelM5 njunior84 Edit I thought you were
talking about the portafilter basket, sorry! 0 HazelM5 HazelM5 I just noticed an incorrect dimension
in the CAD which meant the cylinder was positioned too high on the stand. The piston should be
stopped higher up by the flat in the pivoting part shown. Ive fixed this now and have reuploaded the
files. 0 njunior84 Question I am looking for food grade materials to work here in Brazil and brass
almost always has lead here. I could do the piston and valve of stainless steel also. What are your



thoughts However, youre more likely to have problems with galling cold welding between like metals
when using steel instead of brass. 0 mikerobertgodfrey HazelM5 I think acetal might work for the
piston and valve, just be aware there will be a high contact pressure in the valve piston where the
pin goes through. You probably want to make the flanges either side of the oring grooves on the
main piston a bit thicker too. Stainless 303 would be preferable, but I also appreciate that would be
tough to machine. Aluminium is another option but I suspect it would corrode. 0 abellakim14 What a
great build, how i wish i can do machining. I found this instructions on my way of researching on
how to custom build a coffee machine and yeah, you have this. I hope you can do made for orders. I
didn’t take any footage for YouTube and I don’t currently have any plans to make another one. I
would love to sell them but I sadly don’t have the time and it wouldn’t be financially viable for me.
Thanks for looking! 0 herrycandi1963. The site may not work properly if you dont update your
browser. If you do not update your browser, we suggest you visit old reddit. Press J to jump to the
feed.

Press question mark to learn the rest of the keyboard shortcuts Log in sign up User account menu
73 Diy espresso machine, what are the key elements to get right Ive always wanted an espresso
brewer because I love a good quality espresso, and I also love nerding out on various subjects.
Brewing the perfect espresso seems like something I could entertain myself with. The thing is,
quality espresso brewers are expensive as fuck. I also hate anything thats automatic. I want to adjust
pressures, temperatures and turn wheels and pull levers. In the end i figured it might be fun to just
try and build my own brewer. Not because its practical, but because its fun. Ive got a bachelors
degree in electric engineering with a major in mechatronics and electronics, so this should be right
up my alley. So I started to try and research what a good espresso brewer actually is, but I cant find
any technical information. Theres plenty of information on how to operate one, and lots of historical
info, but so little on the technical basics. I was hoping you guys might have a few tips. From what I
understand, steamor is it hot water under pressure is pushed through a container with something
like 20 ml of finely ground coffee held in place with a sieve. Is this basic operation correct. What do I
want to be able to control. Flow of the steam is obvious. Temperature or pressure too I assume.
Temperature and pressure will be proportional to one another so controlling one controls the other I
assume. What is the typical flow, pressures and temperatures espresso brewers work with. Any
examples get me into a ballpark guess. Then theres the more manual aspects of it, like how hard you
tamp the coffee, how fine you grind it, and how much you use, but these arent really related to the
design of the machine itself. Ill certainly buy a separate quality grinder and not attempt to make one
myself, because from what I understand a high quality grinder really makes a difference.

Is that it Are there other parameters Id want to control for optimum results. I never have milk or
such in my coffee, so a milk frother or whatever its called is totally uninteresting for me. Thanks for
reading, I hope you guys have some ideas or suggestions. EDIT Thanks a lot for all your input guys,
it really helped. Ive made a condensed basic specification based on your answers, that hopefully
summarizes and helps anyone else who might be looking for the same information I was. Basic
functionImportant keywordsImportant variablesNot compatible with simultaneous flow rate
control.Not compatible with simultaneous pressure control.Important design aspectsBasically, if I
were to take this on, Id look for something basic and sturdy I have my Silvia in mind here and then
go to town modifying it. If you want to control the pressure, you want to replace the overpressure
valve OPV with something else. If you want more temperature control, theres a whole community of
PID mods thatll have all the information you need for that too. Then, the grump old man warning
When experimenting with systems under pressure, please remember there are exactly two
differences between a brass steam boiler, and a balloon. Its under some, but not 9bar of pressure
that comes later. And pray you had enough heat in the reservoir that the result isnt cold water
coming out. so new water entering at 9bar is pushing the old water back out at 9bar.Water is
pumped from the inlet to the grouphead, via a heat exchanger that allows the boiler to heat the



water as it goes. This should be a lot more predictable, but its also a lot more complex. After that Im
going to completely ignore the box of witchcraft and tears they named the 3way solenoid , all you
have to worry about is the grouphead. If youve ever turned a strong hosepipe on loose soil, you know
the problem here. The water from the hose acts like a drill, making a nice muddy crater in your
flowerbed.

This is exactly what you dont want the water should hit the coffee evenly enough that it goes
through evenly, and comes out evenly. Drilling straight through means the water takes a shortcut,
coffee is wasted, and mornings are ruined. You may see this called pitting or channeling this is lots
of smaller drills instead of one big drill, but essentially the same problem. If that sounds like a
simple problem, you should fix the shower in my bathroom. It always has one nipple that seems to
push harder and faster than the rest. Its a very mild annoyance in the bathroom, but it ruins a puck
in your machine. To my mind, the main thing to control as a design goal is thermal stability. This
problem starts in your boiler, and follows you all the way to the grouphead. The more heat you can
hold in this mass, the less heat is lost as the water travels the path. With a direct boiler machine
where the water in the boiler supplies the grouphead, youll be pumping in more water as you pull, to
maintain pressure and you dont want that new water to cool the existing water too quickly. Even in a
heatexchanger machine, remember it does exactly what it says heat is exchanged from the boiler to
the water, so you heat the water by cooling the boiler. Basically, the only difference between this,
and a CPU with watercooling, is which product you care about cooling the heatsource or heating the
output the mechanics are identical The crux of the problem here, is that theres only so much loss
you can make up for. If your water is boiling at 100C, and you want to extract at 95C.If you have less
than 5C of loss, fantastic, you can turn the heat down a little. But if you have more loss, you have to
superheat the water hehehe , which starts getting complicated again. But this is why I call thermal
mass the primary design goal its the most difficult to compensate for.
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