PEN PLOTTER

A table plotter from a CR-10 V3

The base frame of a CR-10 V3 stands on the table, and the table is the bed. Stock V-
wheels carry both axes: three under each flat Y carriage plate, in the side slots of the
frame rail, and three on the printed X plate on the beam. The X belt runs in the top and
bottom slots of the beam, as on the stock CR-10. Two Y motors stand still behind the back
bar and move the gantry, and homing squares it on two switches. A servo lifts a pen slider
on a dovetail rail; the weight of the slider and the pen is the pen force. The stock CR-10 V3
control box stands beside the frame, and the stock harness stays. Its two breakout boards
stand on nylon standoffs, held by cable ties. The firmware is written in Go and runs on the
ATmega2560 of the stock board. A camera and plotstudio place a drawing on the paper
that lies on the table.

The plotter at home, from the front right, with the control box at the left. Travel 246 x 395 mm.

Measurements. The frame sizes are measured. The servo sizes, the wheel sizes, the
breakout boards and the control box are data sheet values or estimates. Print the fit tests
first. MEASURE . md lists the measurements to take.
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Printed parts

Part Size on the bed (mm) Print time Filament Length Cost

fit_rail 18 x 20 x 12 10 min 39 0.4m $0.06

> fit_slider 30x31x13 22 min 649 0.8m $0.12
fit_wheel 76 x12%x 6 17 min 59 0.6m $0.10
y_carriage_left 99 x 82 x 62 3 h 50 min 67 g 85m $1.34

&, 2 y_carriage_right 98 x 82 x 50 3 h 30 min 639 80m $1.26
X_carriage_plate 97 x 35 x 74 2 h 32 min 479 6.0m $0.94
: y_front_left 53 x 45 x 14 42 min 129 1.5m $0.24
<. y_front_right 53 x 45 x 14 42 min 12g 15m $0.24
y_idler_fork x 2 24 x 16 x 30 51 min l4¢g 1.8m $0.28
y_idler_bracket_left 37 x 29 x 36 52 min 16 g 20m $0.32
y_idler_bracket_right 37 x 29 x 36 52 min 16 g 20m $0.32
y_motor_mount_left 50 x 49 x 46 1 h 08 min 19¢ 24m $0.38
y_motor_mount_right 50 x 49 x 46 1 h 08 min 19¢ 24m $0.38
y_chain_anchor 54 x 37 x 32 40 min 129 15m $0.24
x_idler_fork 16 x 24 x 30 25 min 79 09m $0.14

A pen_carriage 58 x 119 x 24 2 h 07 min 3749 47m $0.74
g pen_slider 38 x 31 x 40 54 min 16g 20m $0.32

l mast_foot 70 x 41 x 54 1 h 32 min 269 3.3m $0.52
Total (19 parts, with the 22h32min  397g 50.3m $7.94

fit tests)

Print time, filament and cost from slices with the Cura profiles of this project (CuraEngine, 0.3 mm layers, PLA, TAZ

Workhorse SE 0.5 mm), with the skirt. The print times are CuraEngine estimates. Cost at $19.99/kg. The fit test parts
are for the first print only. The camera pole foot is optional.

CR-10 V3 table plotter - build guide



Hardware

1% The stock CR-10 V3 control box (v2.5.2 board, 350 W supply, LCD, knob) and its harness, with the two breakout
boards

3x NEMA 17 steppers from the CR-10 (on hand): one 42-34 for X (it rides on the gantry: shorter and lighter), two 42-40
for Y1 and Y2

Ox Stock V-wheels (625 bearings): 3 for the X plate and 6 for the Y carriages, with 6 x 6 mm spacers and 3 eccentric
spacers (from the stock X plate, the Z carriages and the bed carriage)

3x M5 heat-set inserts, long (9.5 mm long, 7 mm across): the front outer Y wheel axles (2) and the bottom X wheel axle
)

2% M5 x 30 socket head screws: the front outer Y wheel axles (the head under the wheel, through the long insert)

4% M5 x 35 socket head screws and M5 nyloc nuts: the back outer Y wheel axles on the eccentric spacers (2), and the
inner Y wheel axles, the head on the 12 mm boss (2)

3x X wheel axles: M5 x 30 (top left) and M5 x 35 (top right, eccentric) with M5 nyloc nuts in front, M5 x 25 (bottom) into
the insert; 2 stock 6 mm spacers

15% M5 drop-in T-nuts for 2020 slots: 4 for the Y front bases, 4 for the Y motor brackets, 2 for the beam, 1 for the Y chain
anchor, 2 for the camera pole foot, and 2 spare

13x% M5 x 12 screws: the front bases (4), the Y motor brackets (4), the beam (2, through the back wall of each saddle into
the back slot), the Y chain anchor (1), the camera pole foot (2) (T-nuts above)

3x Idler forks: an M5 x 30 axle through both cheeks with 2 small washers and a nyloc nut, and an M3 x 20 tension screw
with an M3 nut (one X fork, two Y forks)

3x GT2 20T toothed idlers, 5 mm bore: one X idler, two Y idlers

8x GT2 6 mm belt crimp clips (OpenBuilds style, stamped steel): 2 on each Y belt and 2 on the X belt, and 2 spare

4x M3 x 12 screws from the back of the X plate into the pen carriage (T1, T2, H1, H2); they cut their own thread

11x Motor screws, M3 x 10: 3 for the X motor (from the front of its wall), 8 for the Y motors (4 each, from inside the
bracket)

4% M3 x 10 screws: the two end links of the Y chain; they cut their own thread

3x Creality endstop boards (the stock X, Y and Z boards: 20 x 20 mm, KW12 switch, XH plug), 6 M3 x 8 screws and 6
M3 heat-set inserts

4% Nylon M3 standoffs, 4 mm: two under each breakout board

1x 3-wire servo pigtail with an XH 5-pin plug: the pen servo on BL_T of the head board

1x 1/2 inch split wire loom (on hand), about 34 cm: the servo lead from the head board to the X plate, a free loop behind
the beam

1x Openable drag chain, inner 10 x 20 mm (10 x 15 is enough now), R28, about 0.5 m (cut from 1 m): the head harness
only

18x Cable ties, 2.5 mm: 2 for each breakout board (through the board holes and round the extrusion), 1 at each end of the
servo loom, and 12 for the harness on the gantry and on the back bar

1x MG90S or SG90 servo, with its horn and its two screws

1x GT2 open belt, 2 mm pitch, 6 mm wide, glass fibre, 5 m roll (the two Y belts are 1.14 m each and the X belt 0.90 m
between the folds); 3 20T pulleys (5 mm bore) and 3 20T toothed idlers (5 mm bore)

1% Camera pole foot (optional): 2 M5 x 12 screws (T-nuts above), 1 M6 x 16 screw into the pole end, 1 M3 x 16 screw
and an M3 nut for the collar

1x Calipers, hex keys (2.5, 3, 4, 5 mm), the wrench for the stock eccentric spacers (8 mm, as on the CR-10), and a

soldering iron with M5 and M3 heat-set insert tips

The electronics and the sources are in docs/bom.md of the project.
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Print

Profiles

“Pen plotter - ...".

Material
Temperature
Layers

Supports

Off. A slice with supports on (60°, everywhere) adds 0 g of support to each part.

One Cura profile for each part: run python3 cura/make_profiles.py --install with Cura closed, then pick

PLA, 2.85 mm, 0.5 mm nozzle. PLA softens at about 55 °C. Keep the printed parts out of the sun and away from
heat.

220 °C nozzle (215 °C first layer), 60 °C bed, fan 100 %. The PLA values of the desiccant project on this printer.

0.3 mm layers, 0.9 mm top and bottom, 15 % gyroid infill, skirt. 3 walls (1.5 mm). The rail fit test has 4 walls (2
mm). Outer walls 40 mm/s.

The STL files are in their print orientation. Load them, do not turn them. The settings are for the LulzBot TAZ

Workhorse.

fit rail

Light blue -
support check 0 g

Back face on the bed.
Tests the dovetail rail.

y front left

Light blue -
support check 0 g
Bottom on the bed.
Front left: the Y1
endstop board, and
the arm in front of the
bar with the seat of
the Y idler fork.

y motor mount
right

Light blue -
support check 0 g
On the motor face.
The mirror image, for
the Y2 motor, right.

fit slider

Light blue -
support check 0 g
Upright. The slot, the
pen bore, the clamp
screw, and the nut.

y front right

Light blue -
support check 0 g
Bottom on the bed.
Front right: the mirror
image, with the Y2
endstop board.

y chain anchor

Light blue -
support check 0 g
On its front face.
Holds the fixed end of
the Y drag chain
under the left rail, at
the back.
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fit wheel

Light blue -
support check 0 g
Flat. A strip of the Y
carriage plate across
the rail: the eccentric
hole of an outer
wheel and the hole of
the inner wheel.

y idler fork

Light blue -
support check 0 g
Floor on the bed.
Print 2. Holds a Y
idler between two
cheeks; the M3
tension screw pulls it
forward.

x idler fork

Light blue -
support check 0 g
Floor on the bed.
Holds the X idler
between two cheeks
past the right beam
end. It slides in the
seat of the right
carriage; an M3
screw from outside
sets the X belt
tension.

y carriage left

Light blue -
support check 0 g
Flat, the plate on the
bed. A 6 mm plate on
3 side wheels with the
Y belt clamps, the
beam saddle, the Y
endstop striker, the
chain tab, the X motor
wall, and the X
endstop wall.

y idler bracket left

Light blue -
support check 0 g
On its front face (the
end wall). The seat
and the end wall of
the left Y idler fork, in
front of the front bar.

pen carriage

Light blue -
support check 0 g
Back face on the bed.
The pen lift. It bolts to
the front of the printed
X plate with 4 M3
screws.

y carriage right

Light blue -
support check 0 g
Flat, the plate on the
bed. A6 mm plate on
3 side wheels with the
Y belt clamps, the
beam saddle, the Y
endstop striker, and
the seat of the X idler
fork.

y idler bracket
right

Light blue -
support check 0 g
On its front face. The
mirror image, for the
right side.

pen slider

Light blue -
support check 0 g
Upright. Holds the
pen in its V bore with
an M3 clamp screw. It
slides on the dovetail
rail of the pen
carriage.

X carriage plate

Light blue -
support check 0 g
Upright, the bottom
edge on the bed. The
printed X plate: 3
wheel bosses, the 2 X
belt clamps under the
beam, the X endstop
trigger lug, the tie slot
of the servo loom.
The pen carriage
bolts to its front.

y motor mount
left

Light blue -
support check 0 g
On the motor face.
Holds the Y1 motor
behind the back bar,
left. Two M5 into the
back face slot of the
bar.

mast foot

Light blue -
support check 0 g
Floor on the bed.
Holds the camera
pole behind the back
bar.



Fasteners

The model has each screw, nut, washer, spacer and T-nut of the main build. The fit check moves them with the parts
over the whole travel. No fastener touches a printed part, the frame, a belt or another fastener. The exceptions are the
intended contacts: a T-nut in a slot, a screw in a motor thread or in a heat-set insert. The build uses 9 heat-set inserts: 3
long M5 inserts for wheel axles and 6 M3 inserts for the endstop boards. The other M2 and M3 screws in plastic cut

their own thread.

Part Items Fasteners

Frame (stock 8 8 x M5 x 30 socket head (stock)

screws)

I\((efftront base, 8 2 x M3 heat-set insert, 5.7 mm, 2 x M3 x 8 socket head, 2 x M5 drop-in T-nut, 2 x M5 x 12 socket head

:i(J{]ct)nt base, 8 2 x M3 heat-set insert, 5.7 mm, 2 x M3 x 8 socket head, 2 x M5 drop-in T-nut, 2 x M5 x 12 socket head

Y idler fork, left 5 1xM3nut, 1 x M5 nyloc nut, 2 x M5 washer, 7.5 mm across (small), 1 x M5 x 30 socket head

:i(giﬁler fork, 5 1xM3nut, 1 x M5 nyloc nut, 2 x M5 washer, 7.5 mm across (small), 1 x M5 x 30 socket head

grgloktg’ left 8 4 x M3 x 10 socket head, 2 x M5 drop-in T-nut, 2 x M5 x 12 socket head

Y motor 8 4 x M3 x 10 socket head, 2 x M5 drop-in T-nut, 2 x M5 x 12 socket head

bracket, right

Pg]!tdler bracket, 2 1x M3 x 12 socket head, 1 x M3 x 20 socket head

:i(gig{er bracket, 2 1x M3 x 12 socket head, 1 x M3 x 20 socket head

Y chain anchor 4 2 x M3 x 10 socket head, 1 x M5 drop-in T-nut, 1 x M5 x 12 socket head

v cari left 2 x GT2 6 mm belt crimp clip, 2 x M3 heat-set insert, 5.7 mm, 5 x M3 x 10 socket head, 2 x M3 x 8 socket head, 1

Xcriot?)?e’ e 22 x M5 drop-in T-nut, 1 x M5 heat-set insert, 9.5 mm (long), 2 x M5 nyloc nut, 2 x M5 spacer, 6 mm (stock), 1 x M5 x

( ) 12 socket head, 1 x M5 x 30 socket head, 2 x M5 x 35 socket head, 1 x eccentric spacer (stock)

Y carriage 2 x GT2 6 mm belt crimp clip, 1 x M3 x 20 socket head, 1 x M5 drop-in T-nut, 1 x M5 heat-set insert, 9.5 mm

right (X ?dlér) 14  (long), 2 x M5 nyloc nut, 2 x M5 spacer, 6 mm (stock), 1 x M5 x 12 socket head, 1 x M5 x 30 socket head, 2 x M5
x 35 socket head, 1 x eccentric spacer (stock)

X idler fork 1 x M3 nut, 1 x M5 nyloc nut, 2 x M5 washer, 7.5 mm across (small), 1 x M5 x 30 socket head

Pen carriage 2 2 x M2 x 8 self-tapping (stock, in the servo bag)

Pen slider 2 1xM3nut, 1x M3 x 20 socket head
2 x GT2 6 mm belt crimp clip, 4 x M3 x 12 socket head, 1 x M5 heat-set insert, 9.5 mm (long), 2 x M5 nyloc nut, 2

X plate 15 x M5 spacer, 6 mm (stock), 1 x M5 x 25 button head (ISO 7380), 1 x M5 x 30 button head (ISO 7380), 1 x M5 x 35
button head (ISO 7380), 1 x eccentric spacer (stock)

Camera pole 7 1xM3nut, 1x M3 x 16 socket head, 2 x M5 drop-in T-nut, 2 x M5 x 12 socket head, 1 x M6 x 16 socket head

foot (optional)

To buy (in the model): 6 x GT2 6 mm belt crimp clip, 6 x M3 heat-set insert, 5.7 mm, 5 x M3 nut, 15 x M3 x 10 socket head, 6 x M3 x 12
socket head, 1 x M3 x 16 socket head, 4 x M3 x 20 socket head, 6 x M3 x 8 socket head, 13 x M5 drop-in T-nut, 3 x M5 heat-set insert,
9.5 mm (long), 9 x M5 nyloc nut, 6 x M5 washer, 7.5 mm across (small), 13 x M5 x 12 socket head, 1 x M5 x 25 button head (ISO 7380), 1
x M5 x 30 button head (ISO 7380), 5 x M5 x 30 socket head, 1 x M5 x 35 button head (ISO 7380), 4 x M5 x 35 socket head, 1 x M6 x 16
socket head. Buy 2 more T-nuts as spares. Stock: 2 x M2 x 8 self-tapping (stock, in the servo bag), 6 x M5 spacer, 6 mm (stock), 8 x M5 x
30 socket head (stock), 3 x eccentric spacer (stock).
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Screw lengths

model.py checks each screw length. A screw into a T-nut needs at least 3 mm of thread in the T-nut, and its tip must
stay out of the core of the extrusion. A screw that cuts its own thread needs enough thread in the plastic and must not
reach the end of the pilot hole. A screw with a nut must stand at least 1 mm out of the nut. The slot and T-nut sizes are

estimates (MEASURE . md).

Screws

Joint

Length check

8 x M5 x 30 socket head

frame (stock): M5 through the bar into the rail end

10.0 mm of thread in a 15.0 mm
thread (at least 5.0)

4 x M5 x 12 socket head

y_front: M5 into a T-nut

4.0 mm in the T-nut, tip 6.0 mm
into the slot (slot depth 6.3)

4 x M5 x 12 socket head

y_motor_mount: M5 into a T-nut

4.0 mm in the T-nut, tip 6.0 mm
into the slot (slot depth 6.3)

8 x M3 x 10 socket head

y_motor_mount: M3 into the Y motor

4.0 mm of thread in a 4.5 mm
thread (at least 2.5)

2 x M5 x 30 socket head

y_idler_fork: M5 Y idler axle through both cheeks (2 washers),
nyloc nut

stands 1.5 mm out of the nut (at
least 1)

2 x M3 x 12 socket head

y_idler_bracket: M3 through a lip of the front base into the
bracket

8.0 mm of thread in a 9.0 mm pilot
(at least 6)

2 x M3 x 20 socket head

y_idler_bracket: M3 tension screw through the end wall into
the nut of the fork (fork at the back end)

stands 2.1 mm out of the nut (at
least 1)

4 x M3 x 8 socket head

y_front: M3 endstop board screw into a heat-set insert

6.4 mm of thread in a 5.7 mm
heat-set insert

1 x M5 x 12 socket head

y_chain_anchor: M5 into a T-nut

4.0 mm in the T-nut, tip 6.0 mm
into the slot (slot depth 6.3)

4 x M3 x 10 socket head

y_chain: M3 through an end link into the anchor or the
carriage tab

8.0 mm of thread in a 9.0 mm pilot
(at least 6)

2 x M5 x 12 socket head

mast_foot: M5 into a T-nut

4.0 mm in the T-nut, tip 6.0 mm
into the slot (slot depth 6.3)

1 x M6 x 16 socket head

mast_foot: M6 into the pole end

12.0 mm of thread in a 15.0 mm
thread (at least 5.0)

1 x M3 x 16 socket head

mast_foot: M3 collar screw, M3 nut

stands 4.4 mm out of the nut (at
least 1)

2 x M5 x 35 socket head

y_carriage: M5 eccentric wheel axle (head under the wheel),
nyloc nut on the 6 mm boss

stands 1.8 mm out of the nut (at
least 1)

2 x M5 x 30 socket head

y_carriage: M5 front wheel axle (head under the wheel) into a
heat-set insert in the plate

11.3 mm of thread in a 9.5 mm
heat-set insert

2 x M5 x 35 socket head

y_carriage: M5 inner wheel axle (head on the 12 mm boss),
nyloc nut under the wheel

stands 1.8 mm out of the nut (at
least 1)

2 x M5 x 12 socket head

y_carriage: M5 into a T-nut

4.0 mm in the T-nut, tip 6.0 mm
into the slot (slot depth 6.3)

3 x M3 x 10 socket head

y_carriage: M3 into the X motor

4.3 mm of thread in a 4.5 mm
thread (at least 2.5)

2 x M3 x 8 socket head

y_carriage: M3 X endstop board screw into a heat-set insert

6.4 mm of thread in a 5.7 mm
heat-set insert

1 x M5 x 30 socket head

x_idler_fork: M5 X idler axle through both cheeks (2 washers),
nyloc nut

stands 1.5 mm out of the nut (at
least 1)

1 x M3 x 20 socket head

y_carriage: M3 X belt tension screw through the end wall into
the nut in the fork (fork at the slack end)

stands 2.6 mm out of the nut (at
least 1)

4 x M3 x 12 socket head

pen_carriage: M3 from the back of the X plate

7.0 mm of thread in a 8.0 mm pilot
(at least 6)

2 x M2 x 8 self-tapping
(stock, in the servo bag)

pen_carriage: M2 servo screw (in the servo bag)

5.5 mm of thread in a 8.0 mm pilot
(at least 4)

1 x M5 x 30 button head
(ISO 7380)

x_carriage_plate: M5 top wheel axle (head behind the wheel),
nyloc nut in front

stands 1.1 mm out of the nut (at
least 1)

1 x M5 x 35 button head
(1ISO 7380)

x_carriage_plate: M5 eccentric top wheel axle (head behind
the wheel), nyloc nut in front

stands 1.8 mm out of the nut (at
least 1)

1 x M5 x 25 button head
(1ISO 7380)

X_carriage_plate: M5 bottom wheel axle (head behind the
wheel) into a heat-set insert in the boss

7.8 mm of thread in a 9.5 mm
heat-set insert
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Fit tests

(jfit railj) (jfit sliderj) (jfit wheelj) (jM3 x 20?) <jM3 nutj) (ja penj)
2 V-wheels

1. Slide the fit slider onto the fit rail. It must slide by its weight, with no side play.

2. Push the nut into the slot in the top of the fit slider. Put a pen in the bore. Turn the screw
until it holds the pen.

3. Put a wheel under the eccentric hole of the fit wheel strip: an M5 x 30 screw from below, the
wheel, an eccentric spacer, the strip, a nyloc nut.

4. Put a wheel under the counterbored hole: an M5 x 30 button head screw from the top, the
strip, a 6 mm spacer, the wheel, a nyloc nut.

5. Lay the strip across the end of a frame rail, the wheels in the two side slots. Turn the
eccentric spacer. Both wheels must grip the slots before the eccentric reaches its end.

Note. If the slider is tight or loose, change DT_CLR. If the eccentric cannot reach, change
WHEEL_OFF. See the last page. Then run make. sh and print the fit tests again.
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Install the inserts

<j2 Y carriagesj) <jX platej) (j2 front basesj) <j3 M5 heat-set inserts (long)j)

<:6 M3 heat-set insertsj) <:soldering iron, M5 and M3 insert tips:>

(:MS x 30 and M3 x 8 screws:>

L) B
L

> 4" —

1. Set the iron to 220 °C. Let the tip get hot.

2. Lay each Y carriage on its plate. Find the round boss on the plate top, at the front outer
wheel.

3. Put an insert on the hole, the small end down. Put the tip in the insert. Push the insert
straight down with light force, until its top is flush with the boss.

4. Take the tip out straight up. Let the part cool for one minute. Turn an M5 x 30 screw in and
out once from below to check the thread.

5. Put an M5 insert in the front of the bottom wheel boss of the X plate (the boss under the
beam) in the same way.

6. Put an M3 insert in each standoff of the two front bases, and in the two standoffs on the
front of the X endstop wall of the left Y carriage.

Note. The M5 inserts hold the front outer Y wheel axles and the bottom X wheel axle. The M3
inserts hold the three endstop boards.
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3 Wheels on the Y carriages

(2 Y car-r-iages) (6 V-wheels) <4 spacer-s) (2 eccentric spacer-s)
CZ x M5 x 30) (4 x M5 x 35) <4 nyloc nuts)

Y carriage

2 outer wheelé)

<ﬁnner wheeﬁ)

1. Front outer wheel: put an M5 x 30 screw up through a wheel and a 6 mm spacer, into the
insert in the front boss of the plate, outside the rail. There is no nut.

2. Back outer wheel: put an M5 x 35 screw up through a wheel and an eccentric spacer, into
the back hole. The hex is between the wheel and the plate. Put a nyloc nut on top.

3. Inner wheel: put an M5 x 35 screw down through the 12 mm boss behind the beam. Do not
put the spacer, the wheel and the nut on yet.

4. Tighten the front screw and the back nut until the wheels turn freely with no wobble.

Note. Each carriage is a flat plate, as the stock CR-10 Z carriage plate. The left carriage has
the X motor wall behind the beam end. The right carriage has the seat of the X idler fork. The
inner wheel goes on when the carriage is on the rail.
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Y carriages on the rails

Cframe) (2 Y carriages with wheels) (4 mm hex key) (8 mm wr-ench)

1. Stand the frame on the table, feet down.

2. Set each carriage on its rail from above: the plate on the rail top, the two outer wheels in the
outer side slot.

3. Under the inner boss, put a 6 mm spacer, the inner wheel and a nyloc nut on the inner
screw. The wheel runs in the inner side slot.

4. Turn the eccentric hex with the 8 mm wrench from outside the frame, until the carriage has
no play. It must still roll freely. Tighten its nut.

5. Measure the two diagonals of the frame. Make them equal, then tighten the bar screws.

Note. Too much preload makes flat spots on the wheels. Stop when the play is gone. Nothing
of the carriage goes under the rail, so the feet stay where they are.
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Y motors behind the back bar

(2 Y motor brackets) <2 Y motors (42-40)) (2 GT2 pu'L'Leys) (8 x M3 x 10)
<4 x M5 x 12 + T-nuts)

(Y motor br-acket>

1. Hold a 42-40 motor on the outer face of each bracket plate, the shaft through the plate to
the inside, the socket up. Put four M3 x 10 screws from the inside into the motor.

2. Put a GT2 pulley on each shaft, the hub to the inside. Line up its teeth with the inner top
slot of the rail (31.5 mm from the outer face of the side). Tighten the set screws on the flat of
the shaft.

3. Turn two M5 drop-in T-nuts into the slot in the back face of the back bar, near each end,
right of the bar end screw heads.

4. Hold each bracket on the back face of the back bar, the recess over the head of the bar end
screw. Screw it on with two M5 x 12 screws.

5. Plug in each motor cable. It goes along the table behind the frame to the base board (step
"Breakout boards"). It does not move.

Note. The Y motors stand still. The gantry does not carry them, and the Y motor cables are
out of the drag chain.
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Front bases, Y idlers and endstops

CZ front bases) (2 idler brackets) (2 x M3 x 12) (2 Y idler -For*ks)
(2 20T idlers) (2 x M5 x 30 + 4 washers + 2 nyloc) (2 x M3 x 20 + 2 nuts)
(4 x M5 x 12 + T-nuts) (2 swi‘tches) (4 x M3 x 8)

20T idler
Idler fork

.

Q .

1. Push an M3 nut into the slot in the thick cheek of each Y idler fork, from below.

2. Hold an idler between the two cheeks, a washer on each side. Put the M5 x 30 screw
through. Tighten the nyloc nut until the idler turns freely with no play.

3. Turn two M5 drop-in T-nuts into the top slot of the front bar, near each end. Screw a front
base on each end with two M5 x 12 screws. Its two lips reach over the front of the bar.

4. Hold an idler bracket on the front face of the front bar, under the two lips. Put an M3 x 12
screw down through the inner lip into the bracket.

5. Set each fork on the seat of the bracket, between the two guides. Put an M3 x 20 screw
through the end wall from the front into the nut. Turn it two turns only.

6. Lay a Y endstop board on the two standoffs of each front base, the parts up, the plug to the
front, the switch to the back. Screw it down with two M3 x 8 screws.

7. Plug in the endstop cable from the front. Leave 20 mm for the plug and the bend of the
wires.

Note. Home is the front left corner. A striker on the front edge of each carriage plate meets
the lever tip. At the front stop it is 1.5 mm past the click.
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Breakout boards

Chead board) (base board) C4 nylon M3 standoffs, 4 mm) (4 cable ties>

1. Base board: hold it on the back face of the back bar, 71 mm from the left end, a standoff
under each of its two holes. The standoffs stand on the face of the bar, beside the slot.

2. Put a cable tie through each board hole and its standoff, round the bar. Pull the ties tight.

3. Plug in Y (Y1 motor, left), Z1 (Y2 motor, right), Y- (Y1 endstop) and Z- (Y2 endstop). Leave
Z2 empty. Push the big 2 x 8 plug into the header.

4. Head board: hold it on the back face of the X beam, 96 mm from the left side of the frame,
the big header up, on two standoffs. Tie it to the beam in the same way.

5. Plug in X (X motor), X- (X endstop) and the servo pigtail on BL_T. Push the big 2 x 15 plug
into the header from the top. Keep the cable straight for 35 mm, then bend it back toward
the control box.

Note. The firmware maps Z1 to the Y2 motor and Z- to the Y2 endstop. The board sizes are
estimates: measure the boards first (MEASURE.md).
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X plate and pen carriage

(X p'Late> (pen carr-iage> (3 V-wheels) (1 eccentric spacer‘>
(MS x 30, M5 x 35, M5 x 25> (2 nyloc nuts) (2 stock 6 mm spacers)
(4 x M3 x 12)

Pen carriage

1. Hold the pen carriage on the front face of the X plate. The three wheel bosses come
through the round holes of the pen carriage.

2. Put four M3 x 12 screws from the back through the plate into the pen carriage (T1, T2, H1,
H2). They cut their own thread. Do not overtighten them.

3. Top left wheel: from the back, an M5 x 30 screw through the wheel and a 6 mm spacer, into
the boss (the spacer in the recess). Put a nyloc nut on the front.

4. Top right wheel: from the back, an M5 x 35 screw through the wheel and the eccentric
spacer (the hex toward the plate), into the boss. Put a nyloc nut on the front. Leave it loose.

5. Bottom wheel: from the back, an M5 x 25 screw through the wheel and a 6 mm spacer, into
the insert in the bottom boss (the spacer in the recess).

[ Note. The eccentric is on the top right wheel. Turn its hex from above with the wrench. j
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Beam and X plate

CZOZG beam) (X plate with the pen car*r*iage) (2 x M5 x 12 + T-nuts)

(X switch> (2 x M3 x 8)

==

1. Slide the X plate onto the beam from one end. The top wheels go in the top slot, the bottom
wheel in the bottom slot.

2. Turn the eccentric hex of the top right wheel from above until the plate has no play. It must
still roll freely. Tighten its nut.

3. Turn an M5 drop-in T-nut into the back slot of the beam, 14 mm from each end.

4. Lay the beam on the two saddles, the pen carriage to the front. The beam ends touch the
stops at the outer ends of the saddles.

5. Screw the beam to each carriage with one M5 x 12 screw, through the back wall of the
saddle into the T-nut.

6. Screw the X endstop board on the two standoffs on the front of the X endstop wall of the left
carriage with two M3 x 8 screws: the parts to the front, the switch to the right, the plug to
the left. The trigger lug at the bottom left of the X plate meets the lever tip.

Note. Keep the top and the bottom slots of the beam free: the X belt runs in them. The inner
face of the left saddle is the hard stop of the X plate.
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X motor

(X motor (42-34)) <6T2 pu'L'Ley) (3 x M3 x 10)

<}eft Y carriagé)

\\\;

20T pulley

a\

)
—

|

o)
o
- \\,‘/,

1. Put the GT2 pulley on the X motor shaft, the hub toward the motor. Do not tighten it yet.
2. Hold the motor behind the left beam end, the shatft to the front through the motor wall of the

left carriage, the socket up.
3. Put three M3 x 10 screws from the front through the wall into the motor. The heads sit in

counterbores. The hole over the beam end stays empty.
4. Slide the pulley along the shaft until its teeth are on the beam centre line, in line with the top

and the bottom slots. Tighten the set screws.

Note. The X motor is a 42-34: it rides on the gantry, so the shorter motor keeps the moving
mass low. The motor stands behind the left beam end, as on the stock CR-10. The pulley

turns free past the beam end.
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X idler fork

(idler fork) (20T toothed id'l.er-) <I"I5 x 30) (2 small M5 washers (7.5 mm))
(I"IS nyloc nut> <M3 x 20) <M3 nut)

Idler fork

20T idler

Q’IS x 30, 2 washers, nyloc

1. Push an M3 nut into the slot in the thick (back) cheek of the fork, from below.

2. Hold the idler between the two cheeks of the fork, a washer on each side.

3. Put the M5 x 30 screw through the front cheek, the washer, the idler, the washer and the
back cheek. Put the nyloc nut on the back. Tighten it until the idler turns freely with no play.

4. Set the fork in the seat past the right beam end, the floor on the seat.

5. Put the M3 x 20 screw through the end wall from the outside (the right side of the machine),
into the nut in the fork. Turn it two turns only. It sets the X belt tension later (step "X belt").

Note. The idler axle has a support at each end. The fork slides 4 mm out and 2.5 mm in. The
tension screw head is on the outside of the right carriage: you reach it without taking anything
off.
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1 2 Y belts and crimp clips

CZ Y belts> (4 crimp clips> Cpliers) (tape)

Fixed Y belt

1. Cut each Y belt about 1200 mm long.

2. Fold one end back on itself for 20 mm, teeth to teeth. Put a crimp clip over the two layers,
1.5 mm from the fold. Squeeze the clip flat.

3. Measure 1135 mm along the belt from the fold. Mark it. Fold the belt at the mark and crimp
the second clip. Cut off the rest of the tail.

4. Turn the Y tension screw out until the fork is at the back end of its travel.

5. Lay the belt round the motor pulley at the back and the idler at the front, teeth inside. The
lower run lies over the rail, under the two clamp blocks of the carriage.

6. Drop the two clips into the pockets of the two clamp blocks from the top, the belt in the slits
of the end walls.

7. Turn the tension screw in until the belt is tight. Do the same on the other side.

Note. The picture shows the left belt: the idler fork at the front, the clamp blocks on the
carriage, the motor at the back. The length is between the middles of the two folds (1135.0
mm in the model, with the fork at the middle of its travel). The fork moves 4 mm forward and
3 mm back. If the belt is too long, crimp a new clip closer to the other clip.
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1 3 X belt and crimp clips

CX belt) (2 crimp clips) Cpliers) (ruler or tape)

X plate

(folded belt end B

\\

‘\

Clep clip

1. Cut the X belt about 950 mm long.

2. Crimp the first clip as on the Y belts. Measure 898 mm from the fold, and crimp the second
clip at the mark.

3. Turn the M3 tension screw out until the X idler fork is at the inner end of its travel.

4. Feed the belt flat, teeth down, through the top slot of the beam from the idler end to the
motor end, under the top wheels. Lay it round the pulley and back through the bottom slot.

5. At each end of the X plate, lead the belt out of the bottom slot into the 45 degree slit of the
clamp, and push the clip into its pocket from the back.

6. Turn the M3 tension screw in. It pulls the fork outward. Stop when the belt is tight.

Note. This is the stock CR-10 belt path: both runs lie in the slot channels of the beam, so no
belt stands in front of the beam. The length is 898.3 mm in the model, with the fork at the
middle of its travel. The belt passes the 6.2 mm slot opening at the clamps: keep it centred.
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Control box and harness

Cstock control box) (stock harness) (cable ties) (USB cable)

=1 Control

1. Stand the control box on the table, left of the frame. The LCD faces the front.

2. Run the head cable from the head board along the back of the beam to the left carriage. It
goes into the Y drag chain (step "Moving cables"), and leaves the chain at its fixed end, at
the back left corner.

3. Tie the head cable to the back of the beam. Tie the base cable along the back bar.

4. Plug the two cables into the box. Check the mains voltage setting of the supply.

5. Connect the USB port of the box to the computer. Flash the plotter firmware: tinygo flash
-target=arduino-mega2560 -port /dev/ttyUSBO ./firmware/cmd/mega.

Note. The size of the control box is an estimate. Put the box where the stock cables reach.
From the back: the head board rides on the beam, and the base board is on the back bar.
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Moving cables

(Y drag chain> (ser‘vo loom (1/2 inch split loom)> (chain anchor*)
(1 x M5 x 12 + T-nut> (4 x M3 x 10) (2 cable ties)

; 1 |
'\Y drag chain + servo loom
w

v

1. Put the chain anchor at the back left corner, beside the left rail. Its arm goes under the rail:
one M5 x 12 screw up into a T-nut in the bottom outer slot of the rail. The arm is wide round
the screw, so the screw has 5 mm of material all round.

2. Open the links of the chain. Lay in the head harness. Close the links. The Y motor cables
do not go in the chain: the Y motors do not move.

3. Bolt the end links with two M3 x 10 screws each: the fixed end to the anchor wall, the
moving end to the tab of the left carriage plate. The lower run lies on the table, the bend
points to the front.

4. Cut the split loom to 295 mm. Push the servo lead into it.

5. Moving end: lay the loom on the front of the X plate at the top left. Put a cable tie through
the slot in the plate and round the loom. Lead the loom up over the plate top and back over
the beam.

6. Fixed end: tie the loom to the head harness cable, just above the big plug of the head
board. The loop between the two ties is 189 mm long and hangs free behind the beam.

Note. Cut the chain to 506 mm. The servo loom needs no printed holder. In the model the
lowest point of the loop stays 41 mm or more above the paper.
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16 ...

CSGPVO) (horn) CZ servo SCFGWS)

1. Push the servo into the pocket, the shaft at the bottom. The wire goes out through the slot.

2. Put the two servo screws through the tabs into the tower. Plug the servo into the servo
pigtail.

3. Send M5 (pen up), then M3 (pen down). Leave it at pen down.

4. Put the horn on the spline. The arm points at the tab of the slider, 10° below level.

Note. At pen up the horn lifts the slider 7.0 mm. Fine-tune the angles with the LCD menu:
Pen up +1, Pen up -1, Pen down +1, Pen down -1.
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Pen slider and pen

(pen suaaor ) (pon) (W5 = 20) (w5 ot

1. Push the M3 nut into the slot in the top of the slider. Turn the M3 x 20 clamp screw into it a

few turns.
2. Slide the slider onto the dovetail rail of the pen carriage from the top.
3. Send M3 (pen down). Put the pen in the V bore until its tip touches the paper. Tighten the

clamp screw.

[ Note. The weight of the slider and the pen is the pen force. Pens of 8 to 15 mm fit the V bore. ]
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Camera pole (optional)

Ccamer‘a pole) (pole foot) CZ x M5 x 12 + T-nuts) (Mb x 16>
<M3 x 16 + nut) (cable ties)

1. Turn two M5 drop-in T-nuts into the slot in the back face of the back bar, at the centre.

2. Drop the M3 nut into the slot in the top of the right collar ear. Put the M3 x 16 screw through
the two ears. Leave it loose.

3. Put the pole in the socket. Hold the foot on its side. Put the M6 x 16 screw up through the
floor into the pole end. Tighten it.

4. Stand the foot and the pole on the table behind the back bar. Screw the foot to the bar with
two M5 x 12 screws.

5. Tighten the M3 collar screw. Tie the USB cable to the foot through the two slots, and to the
pole.

Note. The pole is 590 mm long. The camera lens is about 15 mm above the top of the pole.
plotstudio calibrates the view.
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1 9 First run

CUSB cable) (mains cable)

1. Connect the control box to the mains and turn it on. Connect the box to the computer with
USB.

2. Send M119. Push each endstop by hand and check that it changes.

3. Send 628. Both Y sides go to the front switches. This squares the gantry.

4. Plot samples/square.gcode. Measure the square: it must be 40 x 40 mm.

5. For layout with the camera, run plotstudio (docs/studio.md).

Note. The travel is 246 x 395 mm in the model. A4 and Letter fit. Set the firmware to 245 x
390 mm.
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The simplification

The build is simplified. The pen changer, the Pico W control pod, the two board housings, the
bar end caps, the servo cover, the pen gauge and the X band with its two holders are gone.
REVIEW.md has the findings and the reasons.

o Each Y carriage is a flat 6 mm plate, as the stock CR-10 Z carriage plate, with only the features this
plotter uses: the wheel bosses, the Y belt clamps, a beam saddle, the Y endstop striker; on the left
the chain tab, the X motor wall and the X endstop wall; on the right the seat of the X idler fork. The
wheel layout and the travel are unchanged.

« The breakout boards stand bare on two 4 mm nylon standoffs each, held by cable ties.

« The servo lead runs in a 1/2 inch split wire loom, in a free loop behind the beam, with one cable tie
at each end.

» The X motor is a 42-34 (213 g); the Y motors are 42-40 (287 Q).

The main build is now 16 parts, 21 h 44 min, 383 g of PLA, $7.66 (before the simplification: 27
parts, 30 h 28 min, 544 g, $10.88). The travel is 246 x 395 mm.

Print settings

« Infill: 15 % gyroid. Top and bottom: 0.9 mm (3 layers).

« Walls: 3 lines (1.5 mm); 4 lines (2 mm) on the rail fit test.

» Quter walls 40 mm/s, skins 45 mm/s. At 0.3 mm layers the flow limit of the 0.5 mm nozzle (about 8
mm?3/s) caps the other speeds near 55 mm/s.
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Adjust the fit

Change the values in shape.py, run make.sh, and print the part again. make. sh checks the fit,

the meshes, and the supports before it writes the files.

Problem Value Now Change
The slider is tight or has Add 0.05 if it is tight. Subtract 0.05 if it has play. Reprint the fit
; DT_CLR 0.25
play on the rail tests.
A self-tapping screw is Subtract 0.1 for a tighter thread. Add 0.1 if the screw is hard to
S : SELF_TAP 2.8
loose in its pilot hole turn.
The servo does not fit its SERVO_W, 12.4,22.8 The servo sizes are data sheet values. Measure your servo.
pocket SERVO_L
The horn does not reach Measure from the shaft to the centre of the round end of the
HORN_L 14
the tab horn arm.
The eccentric cannot take Subtract 0.2 if the wheels do not reach the slots. Add 0.2 if the
. WHEEL_OFF 10.1 eccentric is at its end before the wheels turn freely. The fit
up the play of a carriage .
wheel test checks it.
The ecce_ntnc_sp_acer IS ECC_HOLE 7.5 Measure the shank of the eccentric spacer. Add 0.1 to it.
loose or tight in its hole
The beam is loose on the Subtract 0.1. The two M5 screws pull the beam against the
CRADLE_CLR 0.3 S
saddles back walls, so a small gap is fine.
The pen does not reach DROP 46 Set the pen in the slider at pen down first. DROP lowers the

the paper

whole pen lift.
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Pen up: the horn turns to 40° and lifts the slider 7.0
mm. Pen down: the horn is 1 mm under the tab,
and the pen rests on the paper.

The pen carriage holds the pen lift. Four M3 screws
hold it on the front of the printed X plate. Crimp
clips hold the X belt ends in two pockets of the X
plate, under the beam.
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