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Brought to you by Team Erickson

Ed Betz + Catl Erickson + Bryan Plubell + Roberto Solorzano



LB o Ta Lol e o W OT USRS 2
Machine Overview
SPECUICALIONS ouvvrcrritritrtrs i s s e st s 3
Machine Components & Layout........oiinmsrimmr e esanisessissississssassessossess 4
MACHINIE PrOCESS ciiriierireisies et srsss s resreseas e s e e s ms st st s et e b s abe e sassa e aneabaabbans 7
Defining & Changing the Puzzle ...t esennennes 8
Operation
SEATEUP trv e veres it bbb s bbb a b bkt st b e 9
Feeding 8 Operatifi ... s e secssssessessessesersssorens 9
TroubleshOOtNE ...ccvvecercccc s 9
Known Issues & Matenance ..o seesesseessssessassessestonssnransassssensonsans 10
Future IMpProvements. ... e sss st ssssssassssees 13
Reference
SHALe DIAZIAML...cciiiiercii et i s e s 14
IAI Slide Program & Position Tables ... 16

PLC Ladder LogiC .ttt sssseas sssnss s sessessessessiassnenss 17




Page | 2

Introduction

This is the manual for your new butr puzzle machine. This machine will manufacture burr
puzzles consisting of six, 0.75 x 0.75 x 2.25 inch wood blocks. This manual provides an
overview and operating instructions for the burr puzzle machine. It is intended that this
manual will help ensure the proper and safe operation of the machine. Also included is the
machine overview and program documentation.

The 2006 model of the burt puzzle machine continues to build upon previous models. In
addition to maintaining a safe and reliable design new features have been added. Among

these features are an improved dust collecton system and the addition of noise reduction.

This machine was designed, constructed and programmed by Team Erickson.




Specifications
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Blocks:

Machine:

Hardwood blocks of nominal dimension 0.75 x 0.75 x 2.25 inch, +/- 0.003
(95%). Other woods may also be used but the quality of the finished product
may be reduced.

Blocks enter and exit machine lengthwise via conveyors.

Capable of 0-4 cuts of 0.375 inch width on any one face of 2 block.
Capable of rotating each block to second face for additional cuts.
Capable of 0-2 cuts of previous dimension on a second face.

Accepts the 4 inch overhead dust collection system to remove shavings.
Has a safety kill switch to completely shut down operation.

Operating noise level of 77.8 dB.

Operating noise level while cutting of 85.5 dB.

Finished Product:

Cuts should be clean and free of burrs, requiring no additional work.
A maximum of 2 Ibf should be required on any one block during assembly of
puzzle (95%).
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Machine Layout
1 | Input Conveyor 10 | Side Clamp
2 | Output Conveyor 11 | Front Clamp
3 | Linear Actuator 1 12 | Flipper Cylinder
4 | Linear Actuator 2 13 | Sacrificial Blocks
5 | Block Carriage 14 | Spacing Cylinder
6 | Router Carriage 15 | Rotator Pin
7 | Router (inside Vacuum Duct) 16 | Holding Cylinders
8 | Vacuum Duct 17 | Guides
9 | Top Clamp '
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Machine Process

Once the machine has been turned on and everything has been initialized the blocks are
placed onto the Feed Conveyor. The first block up the conveyor trips a pass-through sensor
which triggers the Spacing Cylinder. This cylinder creates a gap between the blocks. After
tripping the sensor the block hits the Rotation Pin. The pin causes the block to rotate

perpendicular to the motion of the conveyor. Once the block has cleared the sensor, the
next block is allowed through.

When the fitst block reaches the optical sensors the Holding Cylinders retract allowing it to
pass through. In addition to controlling the Holding Cylinders these optical sensors begin a
timer. The block reaches the Block Carriage before the timer expires. Upon expiration the
Side Clamp secures the block. The whole carriage moves until it is over the Router Carriage.

Upon reaching the location for the first cut both the Top Clamp and Front Clamp are
activated, securing the block against both carriages. The Router Carriage moves
petpendicular to the block cutting each slot. All of the wood shavings are pulled down past
the router by the Vacuum Duct. Upon reaching the end of each cut the Router Carriage
returns to its initial position. All of the motions of the carriages are performed by the Linear
Actuators. These actuators move between programmed positions by user defined
accelerations and velocities. When one actuator reaches a certain position it triggers another
activity.

The slots to be cut ate defined in memoty of the PLC. This data dictates the positioning of
the carriages. If a block needs to have slots cut on the second face, it will need to be flipped.
To do this both cartiages position themselves in a predefined configuration. All three of the
clamps release and the Flipper Cylinder is activated. This cylinder extends two cables out of
the Router Cartiage. These cables lift the back of the block and rotate it forwatrd. The
cables then retract and the Front Clamp pushes the block back into position where it is then
re-secured by the other two clamps. Any necessary slots are cut in this face in the same
manner as before,

Once all of the slots have been cut the Front and Top Clamps ate released. The Block
Catriage travels off of the Router carriage, across the Feed Conveyor and over the Output
Conveyor. The Side Clamp is released, dropping the block which travels out of the machine.

The Block Catriage returns to its ready position over the Feed Conveyor where it receives
the next waiting block. While each block is being cut additional blocks are rotated and lay
waiting at the Holding Cylinders. If the machine is continually fed more blocks it will just
repeat the process of making sets of six blocks for each puzzle.
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Defining & Changing the Puzzle

Changing the puzzle requires the number and locations of slots to be redefined. The
following is the procedure to accomplish this task.

1. Connect the PLC to the computer via a data cable.

2. Tutn on the PLC and set it to “TERMINAL MODZFE".

3. Oan the computet, run DirectSOFT32.

4. Open the memoty editor: Tools = Memory Editor = Find - %1240’

5. Memory locations V1240 through V1245 are reserved for the six different blocks.
For each binary number a 1 tepresents a cut and a 0 represents no cut. Desired cuts

are held in the 6™-11" bits. The format is 0000011111100000°. This particular
sequence would cut four slots in the first side and two in the second.
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Operation
Startup
1. Make sure there are no blocks or other foreign objects in the machine.
2. Verify main power and air hose are both connected.
3. Set PLC to ‘STOP’ setting, this will verify the program has reset.
4. Release kill switch to turn on power.
5. Set PLC to RUN’ setting.
6. Wait for linear slides to ‘home’ and return to their starting positions.
7. Turn on vacuum system.
8. Turn on feed conveyor by its driver box.

Feeding & Operating

The operation of the butt puzzle machine is relatively simple. Once it is up and running all
that need to be done is feed it blocks on the Feed Conveyor. The machine will continue to
machine sets of six blocks as long as it has more blocks waiting.

In case of EMERGENCY hit the big red kill switch. This will kill all power to the system.
The Feed Conveyor will continue to run as it is sourced by power that bypasses the kill
switch. Make certain the router has time to spin-down before you begin to fix any problems
that may have occurred.

Troubleshooting

If the red kill switch is turned on but the router doesn’t turn on, check to be sure that the
router is plugged in and that the switch on the router is turned on.

When starting up the machine be sure that the PLC has been switched to the ‘STOP’
position then to the run before starting.

If a puzzle piece does not load in the block carriage properly, immediately hit the kill
switch and reset the machine.

If the entries and exits of the router bit are not clean be sure that there are no chips in the
way. If the problem persists replace the sacrificial blocks, refer to p. 11 for instructions.

If there are burn marks on the blocks after cutting then it is time for a new router bit, refer
to p. 12 for instructions.
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Known Issues & Maintenance Checks

Issues

 Hall affect sensors on Front Clamp cylinder can easily be bumped from proper
position. If this occurs the cylinder and program may stop functioning.

«  When multiple machines are using pressurized air, the Gate Cylinder (CyL.C) may
retract too slowly. This can cause the block to rotate and not seat propetly in the

Block Carriage.

« If Feed Conveyor is not operating at maximum speed then the blocks may not have
time to fully seat against the Block Carriage.

+ IfPLC is not moved to ‘STOP’ after kill switch is activated, then it may start back up
in the middle of the progtam. This can resuli in the machine acting unusual or even
jamming,

« On occasion the linear actuator controller experiences an “Axis Pattern Error’ which
can cause the machine to freeze.

Maintenance Checks

«  Occasionally check fasteners. These will work loose over time due to vibrations.

+  Verify guide covering the Holding Cylinder (Cyl.B) rests against the tip of the
cylinder shaft.

«  Check sacrificial blocks to verify that they remain snug in their holders.
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Replacing sactrificial blocks:

There are two sacrificial blocks on this machine, one is stationary and hides the router bit
during block translation and the other block is attacked to cylinder F which clamps the
puzzle piece in place while cutting. ‘The blocks are held in place by six setscrews, the screws
can be used to position the block as well as hold it.

1.

Remove the existing blocks and use them as patterns to create new blocks. The
optimum block material is 2 hard wood ot Teflon which will not dull the router bit
but hold the puzzle piece in place. Take special care in making sure the front face
and bottom of the blocks are square with one another. Also be sure that where the
stationary block meets the translating back plate is a good fit but does not cause
resistance to the motion of the translating back plate.

Place the stationary block in its clamp first then slide the translating back plate in
front of it. Hold the stationaty block against the back of the translating plate and
tighten down the screws. Keep in mind that the first time you tighten the setscrews
they will imprint the wood making repositioning the block more difficult so take care
to position the block right the first time.

Turn the machine on and allow the linear slides to home. The router will cut the slot
in the stationary block getting the router out of the way for placing the other block.

To replace the block on the end of cylinder F, raise the cross bar that holds the
cylinder about a 1/8-inch. Place the block in clamp and slide it against the
translating back plate with a puzzle piece in place. With the block held tight up to
the puzzle piece and the cylinder fully extended, tighten down the setscrews. Now
lower the cross bar to ensute that the block cannot rotate on the axis of the cylinder
piston.

With a puzzle piece in place, fully extend cylinder F. Make sure that sensor X2 is
lighting, if not move the sensor until it does. There is a wait state in the program
that allows for some forgiveness in the position of the sensor. At this point the
machine is ready to cut puzzle pieces. The slot in the second block will be cut with
the fist puzzle piece.
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Changing router bits:

1.

Remove the dust cover from around the router by loosening the clamp located
directly under the router carriage. Carefully slide the cover down off the router while
watching that the flipper lines and power cord slide out of the slots.

Open the clamping lever on the router, then press the black release button, which
will allow the router to fall out.

Using two open-ended 1 1/18 inch wrenches remove the old router bit from router
and slide in a new one.

Place the router back into its base, which is mounted on the machine, and raise it
until the router bit is sticking up 0.37 inches above the router carriage.

At this point it is suggested that a puzzle piece be cut to confirm the position of the
router.

Replace the dust cover over the router being mindful of the power cord and flipper
lines.

When the dust cover is up tight to the router carriage, tighten down the clamp until
dust cover is firm.
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Future Improvements

» Implement a simpler setup for the sacrificial blocks: both for their geometry and for
the method in which they are installed and held.

» Program the router to make new cuts while moving in both directions instead of just
one direction.

» Increase the ease at which the router can be calibrated.

» Further noise reduction.
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IAI Slide Program & Position Tables
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Slide Program
Step E NCnd Cmnd Operandl Operand2 Pst Comment
1 SVON 11 SERVOS ON BOTH AX
2 HOME 11 HOME AXIS 1&2
3 ACC 0.9 SET ACCEL
4 VEL 50 SET VELOCITY
5 MOVP 6 PICK UP POS.
6 BTON 302
7 TAG 1
8 WTON 15 Wait for START
9 BTOF 302 Reset Move Done
10 N 16 19 Load pos to 99
11 ADD 09 2 0 input -> Pos 2
12 MOVP *99 Move to pos #
13 WTOF 15 Wait for /START
14 BTON 302 Move Done
15 GOTO 1
16
Slide Points
Point No. Acc, Vel. Axis1(mm) Axis 2 (mm)
1 N R N N
2 - - - -
3 0.3 200 0.000 -
4 03 100 263.450 -
5 03 200 259.120 -
6 0.3 100 93,195 0.000
7 0.3 200 245.740 -
8 0.3 200 254.693 -
9 0.3 200 263.767 -
10 0.3 200 273.350 -
11 0.3 200 254.693 -
12 0.3 200 263.767 -
13 0.3 50 - 0.000
14 0.3 3 - 32.000
15 0.3 100 - 0.000

)
o



Initialzes variable courds when the machine is fummed on

_FirstSean D

1 . Ko

ouT
Number of the curant
black
BLK_NUM
Fi V1210

ouT
Maintains a tally of the
blocks presert in the
stockpile
STOCK_CNT
vian

LD

Home
X V1202

ouT

Curont Position
0S1

I Viziz

LD

router home position
flipper

i V1220

ouT

curent reuler position
routerPOSI

il viz22

(8]
K5

ouT

slatNumbar
g V1230

ISG
initial wait
50

Cyl. A s refracted
_Off
SP2 Y7
3 1 | { out )

relracted untill senser 1 gels blocked

X1
¢ = {

extend Cyl D and move
81

JMP )

8G
axtend Gyl D and move
51

The count for the number of blecks in the stackpile 1s incremanted

INC
Maintains a tally of the
blocks present in tha
_On stockpile
5P1 STOCK_CNT
viz1

wait
$2
bl UMP )

SG
wail
Sz

06 FinalVersicn6806

Cyl. Ais extended

_On
SP1 Y7
8 — | { our }
Cyl. A is extended untill sensor 1 is unblocked, abd jumps back fo lts A
relracted slale only ¥
there are less than the desired number of bfocks in the stockpile and 6
blocks have not
Maintains a tally of the
blecks present in the
slockpile
STOCK_CNT
X1 V1211 K4
g — | { < |
A B
Number of the current
block
BLK_NUM
V1210 Ké
| = |
1 I
B
initial wait
; S0
{ JMP )
SG
Initial for Cyl B
{retracted}
S3
_off
5p2 Y2
1 ; { out )
Cyl. B jumps 1o ils extended state only il sensors 0 and 4 are both
blocked, but it wails.
Ssec (5°0.1)beafore doing so.
TMR
X0 X4 Gats_B_trar
12— | N 0
KS
Cyl B extended
Gate_B_tr
TO 54
13 I { Jmp )
56
Cyl. B extendad
54
_On
SP1 Y2
15— | { out )
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23 .

G

Variable
increment-dacrement
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Cyl. B remalns extandaed unlil sensor 4 is unblocked and slide 115 not A
in home position.
Curent Position BEC
08I Home Maintains a tally of the
viziz, viz2e2 blocks prasent in the
ECP)? slockpile
STOCK_CNT
25 b—o |} vi2T1
initial for Cyl B Initial for Cyl. C
{retracted) (axlnded)
S
s3 L——{ JMp }
{ JMP }
ISG wail for next black
Initial for Cyl. C 520
(extended)
ss Wait until Ihe timer for gate C ends.
load current block
pattern
<yl C Gate_C_tmr
_On T1 s100
SP1 ¥3 27 o { JMP
18— |} { out }
Cyl, Cis extended unless slide 1 1s in home position and sensor 4 is A
plocked G
. load current block
done move Curanl Position pattern
PCSI Home 5100
X12 X4 viziz V1202
19 Il j { =
Load cursnt block numbier {BLIC_NUM) and then load the variable
A BLK_MNUM down from
BlockTable{pali} and stare it in curentBLKpat.
Cyl. C relracted and D
wait stale Number of the current
56 ) blowk
8LK_NUM
{ JMP ) 2% — | vizio
LDX
blockTable{pat1)
ISG V1240
Cyl. C retracted and
wait state QUT
S6
curentBLKpat
V1200
eriC If the curent tlock unmber is less then & increment =,
_Of
Sp2 Y3 Numbaer of the current
21— | { out ) block
BLK_NUM
V1216 KE
Cyl. C retracts for 15e¢ (10%1) to allow the block to pass then exlends 30 | < i
TMR
_On
SPt Gate_C_tmr
22 | | 71"
A
Ki
i) INC
Number of the current
block
BLK_NUM
Variable vi210
increment-decrement
Gate_C_tmr check first bit in pattern
T §7 52
|} { JMP ) e JMP )



If curent block number is more than 6 reset il and go wad fer another
biock,
Number of the current
block
BLK_NUM
V1210 K&
yl | = |
A
LD
Ko
LUT
Number of the current
block
BLK_NUM
B V210
wait for next block
S20
be——{  JMP )

G
check first bit in pattern

o
[
=
i=

bits and discard
them. then auput what's lefl to curentSlol.

Load the preveously stored 16bit gattern and shift to tha jeft sloiNumbar

10
_On
SP1 cureniBLKpat
3 — | V1200
SHFR
slotNumber
V1230
ouT
curentSlot
V1250
Now logk at the firsl bit of what's Isfi.
i it's Zero, go increment slotNumber,
beurontSiot
B1250.0 5201
34 = { P )

i the bit is a one and it's nol the slol to fiip, or the block has already
been flipged, go cut,

beurentSlot slotNumber
B1[25?.0 V1230 1 K9

35 . | =}

flippadAlready
V1247 K1

1 = 1

move te cut position

s21
{ JMP }

A

A
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If the bil is & cne and it is the slot to tip, or il is the las! slot but the
block has not yet been
fiipped, than go Nip the block.
beuraniSlot slotNumber
B1250.0 V1230 Kg
% {1 | = |
slotNumber
V1230 , . KD
1 =1
A
Fip
. 5300
{ JMP )
flippedAiready
vi217 . | Ko

Dump the block only of the six slats (slot numbers 5 - 10) have heen
delt with meaning
curen! siot number is now 11

On stotNumber
SP1 V1230 Kb11
kL ! ] <t
A
; 5202
{ JMP )
exil block
slolNumbar
V1230 Kb11 S30
39 - { P )
G
§202
Increment the siot number and go back 1a check it.
NC
_On
SP1 slothNumber
i ] V1230
chack first bit in pattern
5200
L—— JMP )
sG TTT
maova to cut position
s21
tumon Cyl O
_On
SP1 Y4
a3 — i { out }

A




Mova ta position number = siotNumber.
LD
_On
ol slotNumber
44 —i V1230
CUTF
1 Y11
K4
slart move
Y10
—{ our }
ouT
Curent Position
N vizi2
wail for the signa! that the controller has slarted lhe move.
dona move slart move
X12 522
a5 { P}
S5G
start move
522
turnon Gyl B
_On
SP1 Y4
47 —— | { outr }
Wail for ihe signal that the controlier has ended the move.
done move CylF
Xi2 523
48 { { aMP )}
G
Cyl F
823
Extend Cyl F
extend cyl F
_On
SP1 Y6
50 — ¢ { out )
Sensor indicating Cyl F is extended.
Sensor indicating Cyl F
is extended
X2 524
51 |} { JMP )}
G
524
Once Sensor X2 comes an give Cyl F . 1s to finish axtending.
extend cyl F
_On
sP Y6
53 } { our }
_On TMR
SP1 T2
54 F
K1

Page 20
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T2 825
55 i | { JMP )
G
525
Extend Cyl D, E, and F.
Sensor indicating Cyl F All on
is extended Move Router
X2 §26
57 ¥ { JMP )
BG
All on
Move Router
526
turn on Cyl D
_On
SP1 Y4
59 ; { our }
Y5
—{ OouT )
extend cyl F
Y6
L—— out }
Move router to out position.
Lo
_Qn rouler oul position
5P1 sharky
60 t V1221
QUTF
3 Y1
K4
slart move
Y10
t—{ our )
Signal move has slarted.
dons move
X12 527
61 |~ { P }
G
527
tumon Cyl
_Cn
§P1 Y4
63 }—ri | { out )}
Y5
——{ ouT )
exiend cyl F
Y6
——f QUT )
Signal move is done.
done move 8ring router back
x12
64 ; { P )




8G
Bring router back
5400
tumen Cyl D
_On
SP1 Y4
€6 I { out )}
Y5
——{ ouT }
extend ¢yl F
Y&
L——( ouT )
Return router to flipger (hams}) position,
Lo
.on Touter home pasition
5m flipper
67 1 | V1220
RUTF
I Y11
X4
start move
Y10
L—— ouT )
Signal move has started.
wait for router {o be
dana move dona
xX12 5401
68 - = { IMP )
56
wait for router {o be
dane
sS4
tumon Cyi O
_On
SP1 Y4
70— | { out )
Y5
- our )
extend eyl F
Y6
L——{ our )
Signal move is done.
done move increment slot number
X12
71 1} { JMP
G

increment slat number

5405

73

_On
»S‘)i'-"il

tncrement {Binary Inrament) the slot number and jump back to check it

INCB

slotNumber

V1230

check first bit in pattern

S200
o JMP }
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856G
oxit black
530
turn on Cyl D
_Cn
SP1 Y4
75— | { out }
Move slide 1 to exit (dump} position.
LD
_On
P exit
76— | V1201
OUTF
M Yil
Kd
ouT
Curent Positicn
POSS
- viziz
start move
Y10
L——{ out }
done mave
X12 531
77 — { JMP )
G
531
turn on Cyl D
_On .
SP1 Y4
79— 1| { out }
done move wall .5s
X2 S32
80 by { Jwr )
5G
wait .58
8§32
Wait half a second for Cyl D to felract and the block ta fali out.
_On TMR
5Pt T3
g2 — |
K5
T3 533
83 e | { JMP )
]
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Return slide 1 10 Homa position |
N X3 G ‘
= wait for move to finish
P Home 5301
B85 t V1202
QUTE
% Y11
done mave relractcyl E&F
X1z 5302
K4 83 I { WP )
start move
Y10
L—{ out )
G
rolractcyl E& F
5302
dene move
X12 534
86 — = { JMP }
umn on Cyl B
_On
SP1 Y4
= 95— | { out }
§34
Set the curenl slida position lo Home, and reset 1he slot pumber ta 5
{initial sfot number). shift Slide 1 over to filp
s) cyl F retracted posi
_On X3 5303
SP1 Home 86 { { JmP
88 3 V1202
ouT
Curent Position
051 1e]
M V1212 shift Stide 1 over to flip
posi
D 5303
K5
cuT
slotiNumber turn an Cyl D
N V1230 .On
] ¥4
wait for next block 98 — | { our )
520
L——f uMP )
Move slide 1 Lo the flip position.
1D
_On
G SP1 slide1flip
Fiip 99 — | V1203
5300
OUTF
. R B Y
Retumn Lhe router to flippar/home pesition if it's not there already.
K4
i D
_On rauter home posilion start move
§P1 flipper Y10
g0 — | V1220 be—{ OUT )
QUTF
M Y11
K4 wait for move to ba
done move dona
ouT ?(12 ; 5304
curent reuler pasition 160 = i JMP
rauterPCS|
il V1222
start move
Y10 BG
—{ out ) wait for move to b
done
5304
dene move wait for move to finish
X12 8301
91 — .~ { JMP ) turey an Cyl D
_On
5P1 Y4
102 ! { out )
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done mova axtond flippar Cyl
Xi2 3210
103 | { JMP }
G
extend flipper Cyl
5310
extand the flipper cylendar for 2s.
CHG
_On
SP1 Y1
105 [ | { our }
TMR
flipper Cy! fimer
T310
K20
shift Slide 1 overa
flipper Cyl timar couple mm
T310 5305
106 1o} { JMP
3G
shift Slide 1 over a
couple mm
$305
Shift stide ¢ over & couple of mm to accomodste the flipped block being
pushed back inlo
place.
LD
_0On
5P1 slide1fipOVER
108 — ¢ V1204
OUTF
M Y11
K4
slart move
Y10
—{ our }
dane move
Xiz 5308
109 = { JMP )
G
5306
done move Check Cyl F
X12 33N
11— | { JMP
G
Check Cyl F
8N
Check to make sure Cyl F is fully relracted.
cyi F ratracted
X3 5312
3 i { JMP )

06 FinalVersion6806

G
S312
extend cyl F
_On
SP1 Y6
16 — i { our }
Sensor indicating Cyl F
is extended
X2 §312
116 { | { JMP
G
S$313
Extand Cyl F and gice it .15 to fully extend.
extend cyl F
_On
5P Y8
118 f— | { out )}
=) R
T200
19— ¢
K1
T200 5314
120 } { JMP )
G
8314
Keep Cyl D on.
Sel flippedAlready to 1 (true) so 1hat we know we've flippad once.
tumon Gyl O
_Gn
SP1 Y4
122 }— | { out )}
D
K1
ouT
fliippedAlready
Vi217
Wait for Cyl F to retract to abaut tha midpoint.
Sensor indicaling Cyl F
is extended move lo cul position
X2
123 e g == { JMP
124 { END }
125 { NoP )
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