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Background
The D40/K40Q asmallChinese CO2 laser machinevisry well knownfor its price andcompactsize. The machine
canaccommodata nonstandard (700mnjd0W CO2 laser. In facthe laser tube isot 40W but 35W based on the
length of the tube Thelasermachines originally equippedvith a controller card nande® Mo g h i)”, made by a
company in Shar@i, China. The K40 has good mechanical structure but the coniohet well designednd
limits the full performance of the machine. Many users have foursytuseful to upgrade thRigital Signal
Pracess PSP. The DSP upgraded machine will be more versatile and powerhik article will discuss how to do
it.
Partsrequired for the upgrade

1) 1x DSP controller ard

2) 2x small stepping motereach with ariver supporing 1.2A current

3) 2x proximity limit switches for home parking

4) 1x DC24V 3A power supply

5) Digital or analog current meter (50mA)

6) 5V regulator( needed if digital current meter is u3ed

7) Laser power supply (need only if the machine came with-Rolse Width ModulationWM) power supply)

8) Air-assisted laser head (optional for better performance)

Fig 1. The original K40 machine
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Fig 2. XY stage and flat _b-ed
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Fig 3. Control compl)lart‘ment

Step 1 Clean up

1.Iremove parts thatill be no longer needeithicludingthe Moshi cardDC powersupply and t he ' gr
resistor 't shoul dn’t tddake more than 20min

1.2 Uninstall the XY stagedy XXXX on whichalimit switch onthe X and Ytrackwill be addedAlso, be ready for
motorrewiring.

Step 2 Flat bed unleashed

2.Iremovethe flat bedsilver panel, see Fig)2rom the machine. To do so, the machinest beliftedup ina
vertical positionto unscrewsthe unit fromthe bottomSeeFig 4



Fig 4.

There are fivescrewsto beremovael for the separation ofhe flat bed.



Fig 5.

Step 3. XY stage unleashed
3.1Install a limit switchonthe XY stageThe whole stage mubktaken out for the reworkJnscrews hex bols- 2
hex bolts from théack end, Zrom front end,and1 from the side panel.



Fig 6.Hex bolts on the front end
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Fig 7.Bolts at the back end



Fig 8 Bolt at the side panel

3.2Uninstallthesecond stageeflection mirror mounby unscrewing two screws from the mobetfore the XYstage
can beremoved Before doing soyou may markhe screws so that you know where to mahemback.It is very
importart to position the mirror properly when it is reinstalléthe lasebeam maynot hit the center of the mirror
perfectly It is fine but the beam should not aim too far away from it.



Fig 9. Reflection mirror and mount

After removing theflat bed the Moshi cardand unleasheRY stagehere is what we have left:



Fig 10. After clean up

Step 4. XY limit switches installation

4.1 The original K40comes withoptical'H o meensor People often find this optical Home sensor vulnerabls. It
very fragileand requires 5V to operate both the emitter and recéivease ofuture service, the wires are not easily
tracable. This sensowill be replaced I&limit switches( mechanicaljo eliminatethe aboveproblems.

Fig 11. X motor and optical sensor

4.2 X limit switch installation

In this example, we instadl micro proximity switch for the X home sensohis switchis designed witfa roller
instead of along blade.Even thoughhe spacensidethe K40 (340mm * 220mm) imited, we still have toleave
about Imnmmarginfrom the physical limit when instafig the limit switch.We put a limit switch to the origin
(physical home location) and move the laser head toward to thaititilihearingd ¢ | $oenk (engage§l Then,
we set the limit switcltapproximately 1mnaway fromthe originn case there are settle happened due to the
miscalculation or shafting due to temperature or other issue.



Fig 12. X limit switching positioning



Once location isletermineduse a pen to matke drill hole. Then, wesa metal puncher before drilling ensurea
precise drilling positioron the mark

Fig 13.Center ljnches



Also, we suggest taadd a drop of engine dib lubricatethe drill bit. The oilwill help the drilling andprolong the life
of drill bit.

Fig 14.



After drilling the holegneed2 holes positioned diagonal)ywe recommendb thread the hotelf youd o n’ ta h a

threadng tool, you maypre-threadthe holes by screwing them before the switch is installed.
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Fig 15.



Picture shows the settirggter X switch instalation
S 1

Fig 16.



Use a3-wire cable for the home switch eviins steponly requires &-wire cable In this case, yodo not have to
purchase a-vire cable specifically for this step. Instead, yoay use the samev@ire cable fronptherstefs such as
the optical sensor switchMark the cable with* X &nd" Y for theX and Y sensor connectiaaspectively
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Fig 17.

You may cut the red line and keep gelow and black wires By convention,theredor blackline usuallymeans
“power’ while yellowline means'signal' . By cutting the red line, we know the yellow is signal and the black is
power.



Do notforget touse heashrink to cover the soldering are@his will helpprotect the cable from breadut or
accidental short circuit as the base is aluminum.

Use an ohm meter to lseck the contact before instaly it. Thislittle extra work is better thamcostly' r e gr et
NOTE: a defedtwe limit switch will cause a collision on the XY stage!

“a, i

Fi 19.Limit SWIh setup

Step 4b Ylimit switch installation



Theinstallation ofY switchis similarto that ofX switch.We recommend to use a bigger one withroller because
of the stucture of the K40.We setup the limit switch ta positionwhere the roller could hawbe bestontactpoint
at t huectiohdf the aluminum blocKThis contact position offerthe widestareafor contact.

Fig . 20 Y limit switch



Step 5. Motor wire connection

- 5a. X motor wiring
Insteadof using a flat cable in this conversjame use aCat5 cable with twistegair. While it may not bethe
best solutionit works pretty wellWe recommend the use & terminal connector instead siflderingin case
we may to rearrange theviring . orr, in raresituation,whena motor iswore out andequires replacement
futurd t © s h ar d-pih connkedtonfakhiststepdf yal 2an find onebe sureto use dlat cable for the
connection.




-5b Y motor wiring .
In the connection ahe Y motor,we cutand removéhe little white connectorThenconnectthe wiresto the

motor driver

Fig 22

Pick the best position so that tiianotor wires arelong enough to connedhe motot stepping drive

conene

e
Fig 23.Control compartment overview
Mountd the two drivers (X,Y) on the side pargde Fig 23We haveDIP switch & connectofacingup for the
convenience of setupVe alsorelocae the laser power supply tilee backend Thisrelocationwill spareroom



for the DSP card/Ve mountthe DC24V 5A power sypy on the side panel. See Fig. 28could betricky to
install the laser power supply as itficult to reach the screw mowdfterit is relocated. Wellpur solutionis
to use aglue gun tchotglue the mitsto the mourd firmly! Whenwe drill holes for thepower supplywe do it at
the bottomof the caseWe usethe vertical vent holes on the side panebasllinesto helpthe alignmentlt
worksvery wellbut requiressome patience.

Note weremovethe® Gr giantresistot  aisno loriger requiredor ahigh quality power supplyvhich is
PWM ready If you have a non PWM ready power supply, we recommend you replace it dheedinovalof
resistoralso sparespacefor the DC24V power supply. Very neat i?g!n ' t

1 Todetermige if the power supply is PWM ready, check

Fig 25.Mounting screws for the DC24V power supply
Step 6. Front panel



The front panethatcomeswith the original K40 / D40 hasa master power switch, las€disable/enableswitch,
power control knot, and an analog current meter.

Fig 27. Qiginal panel back view

we alsocarry acrylic front panelcustom mdefor the K4Q You may contact us if you are interested to purchase
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Fig 31 New panel installed

Step 7. Power supply connection



It needs 3 wires to connect the laser power supply comtiith the DSP They arelTL, PWM, GND
TL = level low enablémarked as TTL on the DSP)

PWM = pulse widttmodulation (power control)

GND = ground
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Fig 33. Connector on DSP laser control port



Fig 34. Connector othelaser power supply pori
Note the notation on théaser power supply ishovedbelow:

TH, TL, WP, G, IN, 5V( from left to right)
where

TH = level high to enable (seldom use)

TL = levd low to enable (default)

WP = water protection

G= ground

In = Input (PWM power control or analog control)
5V = +5V output for analog contr@imanual control)

In Fig 34 there is gump cable (white with blue strikdetweerWP and G. Ifa water sensas installed it must
be connected to WP & G. The power glypmusthave WP level low (means ground) in order to entide
power supply A water sensor is a hormally oper®d0O.) switchbutit will become closedhenthere is water
flowing. Once wateflow stops the circuit is open agaitf WP is inlevel high it will disable the power supply.
In that scenarimo laserlight will fire . .

I f you don’t have wat er fdlosvithe wayweidand-iy. 84td erathle tberpowero u r
supply In this situation, wesimply connect wire tothe WP& G.

Step 8. $epping motor driver connection

We usewo stepping motor driver(2M415, 1.5A) talrive two Nema 17 mot@. The X motr is running aD.6A
setting andhe resolution is/16 . Notet h@&p t“*o” i s cforthimdriver + 5V



Microstep Drives
2ZMaqs

Fig 35. X motor driver connection

In Fig 35 the RedandBlack cableson the leftpower (DC12~36V}he motor controller. The A+-Aand B+ B
are ports for a 2 phase stepping moRayattention to the Red/Black/Yellow cabléhey connedhe stepper
driver with the DSP controller Wewill explain morelater.

The DIP switches are used to set the current and the resolution. On K40, the X motor is either 0.4A/e 0.6A
use0.6A soour setting is SW1=0ff, SW2=0ff, SW3 =On. For the resolutivaselecte’l / 1ltds"alsoOK to
selectl/8 forhigher speedl/16 setting means that for a 1.8degree motor, it takes 200 pulses to complete circ
360degree. In other wasdheresolution is 3200 (3200 puléer a complete spih If you encountea problem of
immovablemotor, the motoris probablyincapableof handing theresolution You maylower the settingto 1/8
(1600 resolution).1600 means that it take 1600 pulse to move 360°.

Thelengthofci r cumst ance i s ‘p&36R). TheviadiugReof agead whieligd @2min.
Therefore, achpulsewill drive the motorto moveby a distance of:2* 3.1415/1600* 6.2= 0.024mm. Notea
laser machineanhardlyachievea resolutiomwith fine movement leghan 0.05mmWe believe thathe K40 is
capableof achievinga fineness 00.1mm.

Note the5V on the DSP isonnectedo“ O p’ bf@M4150 r  “oba\stepping motor driver while DIR and
PUL areconnectedo the same leads on the motor drive respectivEhe DIR means Direction aride PUL
means “Pul se”. |  us e dtothe Gpw,dyelloni wireefor the PUt and theebtatk wite lioe
the DIR. See picture below.



Fig 37. Closeuplook of the XY controlport
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Microstep Driver

Microstep Table

PK Current Tabie

[ 6zia_ | OFF ] ON | ON |

[ 0424 | on | oFF] on ]
[oFF [ oFF | on ]
[ on | on ]

[ on [ oFr [ oFF |

Fig 38. Stepping motor driver connection.

Step 9. Ysteppingmotor connection
The connection afheY steppingmotoris identical of theDIP switch setting. The current/power ofakis motor

in most case is bigger than a X motor. For K4@ dommory known that the Y motor is running at 1A.
Thereforewe have SW1=0ff, SW2=0n,SW3=0ff for 1.05A



Fig 39. Y motor driver setup

Step 10 Air -assisted laser head

The original laser head is velpgsic It does not haven airassistedhir-hole It is easy to upgradi by
replacingthe headwith one with air-hole. InFig 40 werecommend theseof silicone tubingbecause silican
is lighter and more flexiblelhis property willavoid puttingextra loadon the machineNote afterupgradingto
air-assstedlaserhead, the focus point mapangeas the lengositionmay bealteredby 8~10mm It is easy to
check the focusy shootingal a s e rona peae bf'paper If the focuss right, the dot should be vesharp
and tiny.By movingthe papeup/down y o u ' rfird the fimésepoin{focus pointjagain
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Fig 40. Airassisted Iser head installed.

After the DSP upgradehe machine should rumuch better than the original systémterms of speed and

fineness Theperformance is absolutely stung.

The upgraded machirean cuthardwoodwith thicknessof appioximately9.6mmwith 3mm/sspeedr cut
acrylic board with thickness of 3mim 5mm/sspeedIt can engravecharsof thickness 2mmvith 100m/sspeed.

Step 11. UM setting
By default, the DSP controller card and the LaserCadllad aul t °

um3. Bal ueWsehotut

ontheumvalug the XY stagesvill not be able tanove orwill mowve noisily. In addition the output will not be
in scale. The image may leéherbigger or smalleror the X-Y may be out ofiot proportion

Assuming the stepping motor !)&ettilverumsv aslede ttoo ““153
stepping motor to rurNote: if youset the drivet o “ 1/ 87 , change the um valu
XY stage will move but the motarsay notbetuned to their optimgberformancget. To find the magic number

for optimization,uset he ' * g ml c u-in mmtheLaserBadl | t



First of all, a communication between the PC and the DSP must be estalfimled the steps below:

a) Open LaserCad
b) Cl i c KSelectivode® on t he top right corner

View Help

& (& D= A | 1o =
“fm & z[oo 0|

25 300 375 450 525 600 675 750 825 900 A [control Panel

Communication mode
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Machine Control
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’Download“ Start ”ause/Contim” Stop I

Read Current Pos: K= ; 0.00

[ Move to Pos: ] Y= 1”0.00

Fig 41. DSP communication
c) SelectUSBModeandodu bl e c¢cl i ck the *“ MachName”
dClick “FindCom”
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Fig 42. Find Com



e) Enter “5” on Unit/ Pulse for now
f) Click Save

g) Whenyou are asked about thassword ent er “ 60
h) Hit “ Reset” button on the L

8
CD panel to make th

File Edit Draw Tool Options View Help
DEH RN [eRedRylied] >k 0 (=i
B x[19752  |v.[as404 | wu[1642 A I[B 0.00 =3
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5 4 |Control Panel

Communication mode
uss ot
Layer Options
Layer Mode Speed  Power  Out.

Work Space Manufacturer Parameters
= Advance Functions
= Work Parameters

E Unpose: 5000000 ] umpser 5000000 []
s Userpemmetes: Puise edge: Falingedge v|  Pulse edge Faling edge v
Datum: Negative v Datum: Negative v

X_As Y_Axis

T PODAD/ |nZ
25
|

Range: 2 Range 235 + i 1
= Start Speed:  20.000 Start Speed:  20.000
3 Max_Acc: 10000.000 Max_Acc el Machine Cortrol
E—E Max_Speed:  425.000 Max_Speed: 300000 [ osgn ][ AunBox |[ coBer [ uow |
E Ij Water Protect || Open Protect [ Foot switch E] ‘Dowoad H g2 Hluse/ComimH 2op, ]
e Laser Parameters Function config

(el omn

Read Current Pos: | = 0.00
__Move to Pos: Y= 0.00

3 Laser Mode: [@XY s home OnPower
=3 TTL Level: Low level effective | [ Hardware imt

PWM Frequency: 20000 [¥] Retum origin after work.
J— . [ mot || Beot | [ Red |[ sme |

Right X=15.76:Y=-19.85 Worked Times:00:00:00 || Laser Pos:X=0.00;Y=0.00 Lightobiect.com

uz2am [

a [ 0 %)
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i) Now usetheLasgCadtodrawasgn e box in 100mm x 100mm di mensi
on the power supply, you may choose speed = 100, max power =15%, min power =12%

) Place a piece of paper in the machi nenofdhe dctua ¢ui c
maynot beexactlyl00mm x 100mm We wsea digital calibratoto measurehe actual dimension in this
example. Itisl26.62mm on X and 12F3mmon Y.



Actual X cutting

Actual Y from cuting

Kk Enter 100mm (expected value) and actwual X,Y va
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System settings

Work Space

Advance Functions

Work Parameters

.. Manufacturer Paramet

User parameters

I - »

Manufacturer Parameters

X_Axis

Um/Pulse: 5.000000 [Z]
Pulse edge: Failing edge
Datum: Negative

Key direction:

100

Expected

Actual length{mm]:

126.62

v

Y_Ads

Um/Pulse: 5.000000 [Z]
Pulse edge:
Datum:
Key direction:

7 i

PWM Frequency: 20000 Retum origin after work

Max_Power: 72 l - 7 ]
oot Export Read Save

ok (e ) [ oy ]

ExpectedX value 100mm, ActuaX value: 126.68hm
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( System settings |_23_J‘

- Work Space Manufacturer Parameters

i.. Advance Functions

Work Parameters X_hds I Y_fods S —
Manufacturer Paramet Um/Pulse: 6.331000 [Z] Um/Pulse: 5.000000 [3

.. User parameters

Pulse edge: Failing edge ~ Pulse edge: Failing edge ~
Key direction: ~ |Negative ¥ |  Keydirection:  |Postive v

20.000
IR 5000.000
Expected 100
e 300.000
Actual lengthmm):  127.13
Z/\J Axes Options J
ion config

TTL Level Low level effective v | Hardware limit
PWM Frequency: 20000 Retum origin after work
Max_Power: 72 l Other Opti ]
Import Export Read Save
< | m S

Lok J[ Concel [[ sy |

Expectedy value 100mm, Actualy value: 127.181m




- Work Space Manufacturer Parameters

... Advance Functions _ _
- Work Parameters X_fods = —— Y_fuds
... Manufacturer Paramet| | Um/FPulse: G330 [Z] Um/Pulse:

‘... User parameters Puse edge: Failing edge ~ Pulse edge:

Datum: Datum:

Key direction: Negative v Key direction:

Range: 2 Range:

Start Speed: 2000 Start Speed:

Max_Acc: 10000000 Max_Acc:

Max_Speed: ~ 425.000 Max_Speed:

0]

[T]Water Protect  [|Open Protect  [| Foot switch [ Z/U Axes Options

Laser Parameters Function config
Laser Mode: [Gass tube v] XY axis home OnPower

TTLLlevel:  |Lowleveleffective | (=] Hardware limi
Retum origin after work

PWM Frequency: 20000

Max_Power: 72 Other Options

The results ofumcalculationfor Xis6.331andf or Y i s 6. 356. Click the ¢
hit * Reset” on t m&ateth€rigw setingt r o | panel to

k) Since

the *Home’® of ,ftiseecebsargtesetph éahde ii“sWoark tShpea
setting, cli

c k “ WoMakhin&feaScRajeZerxchd S eké&ctt upbdt h



- Work Space Work Space
... Advance Functions

Work Parameters
Nudge Offset{mm):

i Manufacturer Paramet
‘.. User parameters Paste Offset{mm):

Language:

Speed Unit:

Machine Zero:

Page Zero:

Selected Color:
Grid

[7] Show Grid

Grid Distance(mm): 1 0.0

Simulating show objects of engraving
Always show the welcome screen at launch

Sample after conversion




Fig 41. Sample (2mm engraving)

Fig 42. Deep cut on hardwood.

Fig 42. Deepengraving on hardwoompprbxiFhatel.Sm)

At this point, the conversion isompleted There are other things you megnsider tuningr upgradingo
furtherenhancehe machineperformanceFor example, the alignment of lens and focus lenss#igng of
tensionon the belt, the focus poirgddition ofsmoke farand a digital currenneter.

Have fun!
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