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FREE LHSER
CAHLCULRTORS

Kard, Bcaling & Power
Kerf compensation, universal scaling and power
conversion — free, and with no account

L Create B Frap -

raticle-red.com/free-laser-calculators

B Make - F Learn ~ Q% Pricing BN~ '1.?:‘ @ fal']

The arithmetic that decides whether a press-fit joint closes, whether a resized design still cuts at the right
depth, and what your settings actually mean In physical terms. Nothing here spends a credit or asks who you

+ Noaccount, no email, no credit card

are.

4 Runs in your browser; nothing is uploaded

% Kerl, scaling, power/speed and physics in one place

Meed a test file rather than a number? Bulld a free LightBurn test grid or an EZCAD test card, both also free, The rest of the
workshop — MOPA colour prediction. scan-delay tuning and burn confidence — Iz in the Laser Lab.

m UNIVERSAL ScALER

PHYSICS

PULSE OVERLRAP

CALCULATES THE PERCENTADE OF OVERLAP
BETWEEM LASER PULSES. HIGHER OVERLAP
[>80% ) CREATES SHOOTH AHNEALING
[OXIDATION), WHILE LOWER OVERLAP

(¢

FLUENCE [ENERGY DENSITY]

THE ENERGY EACH PULSE DELIVERS PER UNIT
AREA. IN J/CH®. CRITICAL FOR DETERMINING
IF YOU ARE ANNEALING (HEATING) DR
ABLATIMG [VAPORIZING ]

s [l w

i THERMAL OIFFUSION LENGTH
HOW DEEF THE HEAT PFEMETRATES DURING A
SINGLE PULSE. SHORT PULSES [<1ONSI HEAT
ONLY THE SURFACE [ THIM FILME/COLOR).
LONG PULSES [>100M5) HEAT DEEP

@

Three tabs

Formulas - Universal Scaler -
Physics.

CLOSE-UP

“ UNIVENSAL SCALES FHYSICE
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+ RETICLE : *
L I Create - B Prep - @ Make @ Learn ~ Q & Pricing T Ew - B @ dw m -
-~- RED S Preferred units
 BACK. ~ HOME » LASER LAE » FREE LASER CALCULATORS MM or IN for the ianItS and
lengths.
Every result carries its unit.
The arithmetic that decides whether a press-fit joint closes, whether a resized design still cuts at the right CLOSE-UP

FR E E I_ Fl 5 E H depth, and what your settings actually mean In physical terms. Mothing here spends a creédit or asks who you
are,
CALCULRARTORS

Kerd, Scaling & Power + HNoaccount, no email, no credit card ¢ Runs in your browser; nothing is uploaded % IH
Kerf compensation, universal scaling and power

; 4 % Kerl, scaling, power/speed and physics in one place
conversion— free, and with no account

Need & test file rather than a number? Build a free LightBurn test grid or an EZCAD test card, both also free, The rest of the
workshop — MOPA colour prediction, scan-delay tuning and burn confidence — Iz in the Lazer Lab.

_ UNIVERSAL SCALER PHYSICS

R S

~ PULSE OVERLRP & FLUENCE [ENERGY DENSITY] i THERMAL DOIFFUSION LENGTH

o

= CALCULATES THE PERCENTAGE OF OVERLAP THE ENERGY EACH PULSE DELIVERS PER UNIT HOW DEEP THE HEAT PEMETRATES DURING A @
BETWEEM LASER PULSES. HIGHER OVERLAP AREA, IN JICH®. CRITICAL FOR DETERMINING SINGLE FULSE. SHORT PULSES [<10NS) HEAT
[»90% ) CREATES SHOOTH AHMEALING IF YOU ARE ANNEALING (HEATING) OR ONLY THE SURFACE [ THIM FILMS/COLOR).

[OXIDATION], WHILE LOWER OVERLAP ABLATIMG [VAPDRIZING ] LOMG PULSES [-100NE) HEAT DEEF
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!?*‘ L Ereate B Frap -
-~~~ RED
— UNIVERSAL SCALER PHYSICS

Overlap
Spothize

PULSE OVERLRAP

=

" CALEULATES THE PERCENTAGE OF OVERLAP
BETWEEN LASER PULSES. HIGHER OVERLAP
[=80% ) CREATES SHOOTH ANNEALING
[DXIDATION), WHILE LOWER OVERLAP
CREATES ENGRAVING [ ABLATION)

SPEED (MH/5) 1808

FREQUENCY (KHZ) 380

SPOT SIZE (MM) 8.85

BASE FUNCTION

(%) =V - [(Speed [/ {(Fregquency *
1

RESULT (O copy

93.33%

ﬁ Make =

raticle-red.com/free-laser-calculators

® Learn ~

FLUENCE I[ENERGY DENSITY]

THE ENERGY EACH PULSE DELIVERS PER UNIT
AREA, IN JICH®. CRITICAL FOR DETERMIHING
IF YOU ARE ANNEALING [HEATING) OR
ABLATING (VAPORIZING]

AVERAGE POWER (W) 68
FREQUENCY (KHZ) 288
SPOT SIZE (HM) 8.85

BASE FUNCTION

Fluence (J/em#)
{cm?)

= PulseEnergy (J) [/ SpotAres

RESULT O corY

15.28 J/cm?

O % Pricing  TEN - -:l::} @ i)

m“m

THERMAL DIFFUSION LENGTH

HOW DEEP THE HEAT PENETRATES DURING A
SINGLE PULSE. SHORT PULSES («10KS]) HEAT
ONLY THE SURFACE [THIM FILME/COLOR).
LOME PULSES (»~100NS) HEAT DEEP
[ANNEALING/BLACK])

PULSE WIDTH [NS) 4

MATERIAL STEEL

BASE FUNCTION
= 2 * sqri{Diffusivity * PulseWidth)

RESULT O copy

259.23 nm

©)

STEP 3 OF 8

Pulse Overlap
Speed, frequency, spot size.

Too fast: a warning about the
gap between pulses.

CLOSE-UP

o= PULSE OVERLAP
CALEULATES THE PERCENTAGE OF OVERLAP
BETWEEN LASER PULSES. HIONER OVERLAP
{>80% ) CREATES EROOTH ANNEALIND
[GXIBATION), WHILE LOWEN OVERLAP
CREATES EMGRAVING {ABLATION)

SPEED [HHA/E) 1008
FREQUENCY |KHZ) 08
SPOT SIZE (HA) B8.85

DASE FUNCTION
Gverlap (%) = 1 « {Speed / [Frequency *
SpotSire))

BESULT [ coPY

93.33%
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o

- an

RETICLE
L Create
RED
- PULSE OVERLAP
=

CALCULATES THE PERCENTAGE OF OVERLAP
BETWEEN LASER PULSES. HIGHER OVERLAP
{>80% ) CREATES SHOOTH ANNEALING
[OXIDATION]. WHILE LOWER OVERLAP
CREATES ENGRANING (ABLATION)

[ 20004

FREQUENCY (KHZ) 3080

SPEED (MH/5)

SPOT SIZE (HH) 8.85

BASE FUHNCTION

overlap (%) = 7 -
Spotiize) |

[Speed / (Freguency *

RESULT
Warning: no overlap — 8.8167
mm gap between pulses. Slow
down or raise the frequency.

| Frap -

raticle-red.com/free-laser-calculators

B Make - ® Learn ~

4? FLUENCE I[ENERGY DENSITY]

THE EHERGY EACH PULSE DELIVERS PER UNIT
AREA. IN JICH®. CRITICAL FOR DETERMINING
IF YOU ARE ANNEALING {HEATING) OR
ABLATING (YAPORIZING]

AVERAGE POWER (W) * 68

FREQUENCY (KHZ) 208

SPOT SIZE (HM) 8.85

BASE FUNCTION

Fluence (Jlem®) = PulseEnergy (J) [/ SpotArea
{oat)
O coPY
15.28 J/cm?

O & Pricing | B

e G B |

m“m

THERMAL DIFFUSION LENGTH

HOW DEEP THE HEAT PEMETRATES DURING A
SINGLE PULSE. SHORT PULSES («<10NS) HEAT
ONLY THE SURFACE [THIM FILME/COLOR).
LOME PULSES (»~100N5) HEAT DEEP
([ANNEALING/BLACK)

PULSE WIDTH (N5) 4

MATERIAL STEEL

BASE FUNCTION

L {nm)

= 2 * ggqri{Diffusivity * PulseWidth)

RESULT O copy

259.23 nm

=

STEP 4 OF 8

Fluence (J/cm?)

60 W, 200 kHz, 0.05 mm spot =
15 Jfcm?,

CLOSE-UP
(

% FLUENCE [ENERGY DENSITYI]
THE ENERGY EACH PULSE DELIVERE PER UNIT
AREA, IN JICHL CRITICAL FOR DETERRINING
IF YO0 ARE AHNWEALING [HEATING] OB
ABLATING [VAPORIZING)

AVERAGE POWER (W) &8
FREQUEHCY {KHZ] 200
SPOT SIZE (MM) 8.85

BASE FUNCTION

Fluence [J/ce*} = PulssEnergy (J) /. SpothAcea

teat}

T QENPY

15.28 J/cm®




RETICLE RED - FREE LASER CALCULATORS TUTORIAL
Formulas — Units, overlap, fluence, DPI, kerf, power/speed and copy

raticle-red.com/free-laser-calculators

+ RETICLE .

X Create ~ B Prep - B Make ~ # Learn ~ Q % Pricing  %5.eN - - & s
- RED —

STEP 5 OF 8

DPI < Interval

300 DPI = 0.0847 mm line
interval, or back again.

J0B COST & ROI

ROTARY STEP CRALIBRATION

$ - @ DOPI <-> INTERVAL
PRICE A JOB FROM YOUR ALL-IN SHOP RATE ®~  CALIBRATE YOUR ROTARY ATTACHMENT. HARK EONVERTER CLOSE-UP
i . il
WEAR, POWER AND CONSUMABLES MUST A LINE OF A SPECIFIC LENGTH [E.G. T0OMM), COHVERT BETWEEN 'LINES PER INCH' [DPI)
ALREADY BE BUILT INTG THAT RATE — THIS HEASURE THE ACTUAL LENGTH, AND FIND AND 'LINE INTERVAL' [MH). USEFUL FOR
WORKS OUT TIME. HATERIAL AND MARKUR, YOUR MEW STEP SETTINGS TRAHSLATING SETTINGS BETWEEN EZCAD, ® OPI <-» INTERVAL
HOT YOUR OVERHEAD. LIGHTEBURN, AND PHOTOSHOP, CONVERTER
CONVERT BETWEEN ‘LIHES PER (NEH" [BFI)
AMD LINE INTERYAL" (HH]). D3EFUL FOR
CURRENT STEPS/ROTATION 1“““ TRANELATING SETTINGE BETWEEK EXCAD
CYCLE TIME [MIN) 1@ INPUT VALUE kﬂﬂ LIBHTHURN, AND PHOTOTHOP
DESIGNED LEMGTH (MM} 188 LEE Shb
SHOP RATE [§/HR) &8 CONVERT TO INTERVAL (MM)
ACTUAL LENGTH (HHM) 98 CONVERT TO INTERVAL (MM
HATERIAL/ITEH COST (§) 5
HARKUP (%) 58

BASE FUNCTION

Cost = {Timé * HourlvRate) + Material BASE FUNCTION

HewSteps = CurrentSteps * [Commanded /
RESULT ) COFY Mongured)

522.53 {Prnfit: 3?.5“} 0 coPY

RESULT O COPY f ILT O coPY 0.0847 mm

13861 steps/rotation 0.0847 mm

MA&SE FURCTION

Interval = 28 4 (Lt

BASE FUNCTION

Interval = 25.4 / DPI

Your Bmop Rate it alfeady cover mackEng wear, elacticily,
consumabies and cverhssd, Mothing here sdda inem for you
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o, m - = o & Q| o X, fat @ﬂ il
L L Create: v B Frap - Make ~ ¥ Learn v Fricing ¥, EN - W -
- RED Rl Kerf / Line Offset

DOF = {2.53 # ¥& » Wt # }) / D® Hesfower » OldPower * (NewSpeed / OldSpeed) RESULT O copy

16 20 mm square, 20.15 mm hole:
RESULT O copy RESULT O CoPY
tﬂ gzﬂ mm (Tﬂtﬂl' 1 m -) EH “ Approximate: & fat 15% jump-delsy sliowsnos, with no remp, OffSEt 0'0?5 mm'
. - L . shywTIEng OF per-vector overhoad modeiied

CLOSE-UP
i

KERF / LINE OFFBET

GARALYVO DELAY RASSBISETANT - KERF / LINE OFFSET < CROSS-HATCH OPTIMIZER
2 aee = DETERFINE EXACT LINE OFFSETE FOR LALER
DIAGNDSE AND CALCULATE CORRECTIONS FOR DETERMIME EXACT LIME OFFSETS FOR LASER GEMERATES OPTIMAL FIBOMACCI ANGLES FOR CUTTING [£.6. FRICTION JORNTEL CUT A
COMMON PHYSICAL LINE DEFECTS. GUIDES YOU CUTTING [E.6. FRICTION JOINTS). CUT A DEEF EMGRAVING TO PREVEMT WAVY MOIRE SQUARE, HEASURE THE HOLE. AND APPLY THE
TO PERFECTING CORNERS AND STARTS. SOUARE, MEASURE THE HOLE, AND APPLY THE PATTERNS OR STRUCTURAL RESONAMNCE IN FTIRT COMTE
OFFSET CONTOUR THE METAL
COMMANDED SIZE [MH) 28
OBSERVED
BURNED START DOT
DEFECT COMMANDED SIZE (MH) 28 NUMBER OF PASSES 5
k ACTUAL HOLE BIZE (MH] 28.15
ACTUAL HOLE SIZE (MM} 28.15

BASE FUNCTION

txpert Diagnostic Matrix

BASE FUNCTIOM

Comsanded - Meadured)
BASE FUNCTION
Anglei{n] Angle(n-1) + 137.5° O copy

RESULT (3 COPY BASE FUNCTION . Offset: 0.675 mm
Laser On (Start TC) delay too ik it e i v RESULT [ copy
short — increase it in +5 ps MESULT O copy 8.8° = 137.5° = 95.8° =
steps Offset: 0.675 mm 52.5° = 18.8°
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. RETICLE
= RED

A DEPTH OF FIELDO IFIBER)
CALCULATE THE VERTICAL RANGE WHERE THE

BEAM REMAINS FOCUSED (2X RAYLEIGH
RANGE]. ESTIMATES TOLERANCE FOR CURVED

SURFACES
LEMS FOCAL LENGTH [HH] 168
COLLIMATED BEAM [HH) 7
BEAM QUALITY (H*) 1.3

BASE FUNCTION

DOF = [2.53 = f= = W2 = }) } O

RESULT [ COPY

+0.920 mm (Total: 1.848 mm)

GRALYO DELAY ASSISTANT

DIAGNOSE AND CALCULATE CORRECTIONS FOR
COMHON PHYSICAL LINE DEFECTS. GUIDES YOU
THEFREFFTIMG CABMFBES AMA CTABTS

L Ereate ~ B Frep

raticle-red.com/free-laser-calculators

B Make  Learn

Q& Pricing | T e - - @ i)

@ POWER/SPEED SCRALER
CALCULATE EQUIVALEMT SETTINGS WHEN
CHANGING SPEED. KEEFS THE ENERGY PER
UNIT AREA [P = [SPEED = LIME SPACING),
JIMH*) THE SAME AT AN UNCHANGED SPOT
AND LINE SPACING. USEFUL WHEN MOVING
BETWEEM DETAILED WORK (SLOW) ANG
PRODUCTION RUNS (FAST).

ORIGINAL SPEED (MM/5) k“u
ORIGINAL POWER [%) 4@
NEW SPEED [MM/5) 1880

BASE FUNCTION
HewPower = DldPower * {NewSpeed / OldSpeed)

RESULT O copy

88.0%

o KERF /7 LINE OFFSET

DETERMINE EXACT LINE OFFSETS FOR LASER
CUTTING (E.6. FRICTION JOINTS). CUT &
EAIARE MEASUBS THE MA1LF SN ABBLY THE

CYCLE TIME ESTIMATOR

APPROXIMATE THE MARKING TIME FOR &
FILLED AREA, USING & FLAT 15% ALLOWANCE
FOR GALVD JUMP DELAYS BETWEEN PASSES

FILLED AREA (MH?) 1e8e
HATCH SPACING (HM) .85
SPEED (MM/S) 508

BASE FUNCTION
Time {Area / Hatch) f Speed * 1.718

RESULT O COPY
46s

Approximate: & fat 15% jump-detay allmance, wilh no reEmp.
Shywitlang of per-vector overhesd modelled

CROSS-HATCH OPTIMIZER

GEMERATEE OPTIMAL FIBOMNACCI ANGLES FOR
DEEP ENGRAVING TO PREVENT WAYY MDIRE
BATTFEMS B STRHCTHEA] BESAMAMSE M

®

STEP 7 OF 8

Power/Speed Scaler

Same energy per area at a new
speed.

40% at 500 mm/s — 80% at 1000
mmy/s.

:CL{}SE-UF

@ POWER/SPEED SCALER
CALCULATE EQUIVALERT EETTIMEE WHER
CHANGENG SPETD. KEEPS THE ENIRGY FLR
UNIT AREA |P + {BPEED « LIME SPACINGE
JIWAY) THE SANE &T &N UNCHANGLD SPOT
AMD LINE 3PACING, DSEFUL WHEN HOVING
BETWEEN DETAILLD WORK {SLOW ) AND
FROCIFCTION FUHE [FART )

DRIGINAL SPEED (MMIE) 508
ORIGINAL POWER (%) 48
MEW SPEED (MH/Z) 1888

DASE FUNCTION

HowPomer & DldPomar * [MewSpeed /

d5paed)

RESULT O coPy

86.8%
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. RETICLE
—~=- RED

¥y GALYVO DELAY ASSISTANT

DIAGNOSE AND CALCULATE CORRECTIONS FOR
COMHON PHYSICAL LINE DEFECTS. GUIDES YOU
TO PERFECTING CORNERS AMD STARTS

OBSERVED

DEFECT BURNED START DOT

BASE FUNCTION

Expert Diagnostic Mairlx

RESULT 0O copy

Laser On (Start TC) delay too
short — increase it in +5 ps
steps

L Create -« B Freap -

EE Makea =

L
s

raticle-red.com/free-laser-calculators

# Learn ~

KERF /7 LINE OFFSET

DETERMINE EXACT LINE OFFSETS FOR LASER
CUTTIMG (E-G. FRICTION JOINTS). CUT A
SQUARE, HEASURE THE HOLE, AND APPLY THE
OFFSET CONTOUR

COMMANDED SIZE {MHM) 28

ACTUAL HOLE SIZE [MH) 28.15

BASE FUNCTION

offget

= [Commanded Measured) / 2

3 COPY

Offset: 0.87

= RBOLUT THIS TOOL I:apnbili'.r'\cr.. guistions operaors ask, and nelated quides for this workspace.

¢ CHREAT
.. RETICLE ERTE
- BERN

@ PREP

2 HAKE

O & Pricing Hoew- & B o

CROSS-HATCH OPTIMIZER

GEMERATES OPTIMAL FIBONACCI ANGLES FOR
DEEP ENGRAVING TO PREVENT WAVY MOIRE
PATTERNS OR STRUCTURAL RESONANCE IN
THE METAL

©

NUMBER OF PASSES 5

BASE FUNCTION

Angle{n) = Angle{n-1) + 137.5°

RESULT [ COPY
6.8° = 137.5° = 95.8° =
52.5" = 10.9°

@ LEARN I COMPANY

T i o P

STEP 8 OF 8

Copy a result

The copied text includes the
unit.

CLOSE-UP

ERT L= Dl vl B TRE

cory

Offset: 8.875 mm
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Move a recipe to your machine, then the why behind it
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¥

-

raticle-red.com/free-laser-calculators

FIALCH TRE power Jensily 21 1N SpoT | WHIMIM™ | BCTOSS QifTErent Macnine Wallages and [ens ek smeg.

L Create ~ | Frep - B Make -

® Learn ~

o SOURCE MRCHIME PROFILE
SOURCE WATTAGE (W) & LEMS SIZE (HM)

B0 1860mm FL (Standard / TI0xTI0) i

X

FONER @ 58%

SPEED [MH/5)

1888

LIME SPACING (HM) O w08 LPI

8.85

% TARGET MACHINE PROFILE

YOUR WATTAGE (W)

MEW POWER 0 coryY

100.0%

Q% Fricing %EN - b= @ o

MEW LIME SPACING O cOPY

0.0545

YOUR LENS SIZE [HM)

175mm FL (Mid-Field / 120x120]  ~

HEW SPEED O copy

840

mmi's

£ A sterting point, not a finlshed setting. This scales power density from wattage and lens feld
size only — it does not modet frequency, pulss width. reaf spot size. defocus. pass.count,
material absorptivity or coating. Estimated settings are never a safety guarantee. Test on
scrap and superviae every burn. Brackst it in Haterial & Kerf Tests —

DERSITY EQUIVALENT

486 Lm

&y Deficie Detected: Your maching acks this neceisary » i fomatch the source &

1!

apeed, F v Al held conatantl

STEP 1 OF 4

Universal Scaler

Source: wattage, lens, power,
speed, line spacing.

CLOSE-UP
(

! BHARCE WACreNl FROFLL

Siietd mif ikl (e wimi et iy

L] i 1L | Sniadard 1 T TR} L
- Rl
EFEES RILE

T
L] Ly

LE .
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¥ RETICLE
- RED

L Ereate ~ B Frap -

raticle-red.com/free-laser-calculators

E Make -

Match the power densily 1 the SpoT | WImim© | BCross aifférent matnine wailages and lens nekl smes.

I SOURCE MRACHIMNE PROFILE

SOURCE WATTAGE (W) O

LEMS SIZE (HM)

80 180mm FL (Standard / TI0xTI0) o
FONER 3 A48
: S
SPEED [MH/5) ©

18ea

508 LPI

LINE SPACING (HM) O

.85

E Learn ~

G % Pricing | % EN - 'K' @

% TARGET MACHINE PROFILE

YOUR WATTAGE (W)

MEW POWER & copy

95.2%

YOUR LENS SIZE (HM]

175mm FL (Mid-Field / 120x120]  ~

HEW SPEED

1000

T

O copy

&% A starting point, not o finlshed setting. This scales power density from waitage and lens fiekd
size only — it does not modef frequency, pulse width. real spot size. defocus. pass count,
material sbsorptivity or coating. Estimated settings are never a safety guarantee. Test on
scrap and supervias every burn. Brackst it in Haterial & Kerf Tests —

MEW LIME SPACING O cOPY

0.0545

DENSITY EQLAVALENT

LEE LA

STEP 2 OF 4

Your machine

Your wattage and lens — new
power, speed and line spacing,

each with a copy button.

CLOSE-UP

PEEGET SR PR L

Shal WETTABE D s L T R
£l P FL -l § TS -
W wre 2 ey W IPLLE Teg
A — B R BT T A e B T R 0

Ty e gy e 6 R N S
S e e g | romwd e e v e e T e

1 s e b M A et A T

wiw i drotms O paen wimbift EBovabLint

00555 480

THERMODYNRAMIC SCRHLING MRATH
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+ RETICLE

L Create B Prap « B Make = M Learn Q| % Fricing | T EN -~ b )] g
= RED —
& SOURCE MACHINE PROFILE 4 TARGET MACHINE PROFILE
SOURCE WATTAGE (W) LEMS SI1ZE (HM) ¥OUR WATTAGE (W) VOUR LENS SIZE (HM)
B0 160mm FL (Standard / TI0xT10) ~ [ zﬂ * | T75mm FL (Mid-Field / 1200120) ~
5 -
PONER A%
NEW POWER O coPy HEW SPEED 0 copy
100.0% 700
SPEED [MM/S) & e
1888
£ & starting point, not a finlshed setting. This scales power density from wattage and lens fald
LINE SPACING (MM} 508 LRI size only = it does nat model Irequency. pulse width, real spot size, defocus, pass count,
material absorptivity or coating. Estimated settings are never & safety guarantee, Test on
6.85 sorap and supervise every burn. Bracket it in Haterisl & Kerf Tests —

raticle-red.com/free-laser-calculators

MEW LIME SPACING O COPY

0.0545

DENSITY EQUIVALENT

LB6 Lr

JD_', Deficit Detected: Your machine facks the necessary wamn ane o match the source speed. We
ned redhaced your Speed by thi same sh

(v~ AL hald constant]

copped Powad a8 100 all, ga the longer dwell

makes up fof the missing watts [power density = speed. P

T —— o —— T — — — g g §

A g — —

STEP 3 OF 4

Short of watts

Power capped at 100%, speed
slowed instead.

A starting point: test on scrap.

CLOSE-UP
100.0% 700

OBl e, . P oW TH s b i ot i P wa e wd bl
T g - 7 e Pl S o el vl g e B e e
T T P T e e P R
Frmd e v e e Rt Mkt B Rt Tty
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+ RETICLE

e

raticle-red.com/free-laser-calculators

LI Ereata ~ B Frep ~ B Make @ Learn ~ Q% Pricing | T EN + -3 @ i

MASTERING MOPR PHYSICS

1. THE HERT STACKING PRINCIPLE

Color marking on stainless steel is not pigment; it is an int ence effect caused by the thickness of a transparent
chromium oxide layer.To grow this layer pracisely [e.g., ~40nm for Gold, =120nm for Violet, =170nm for Blue), you must
control the Average Surface Temperature.

The secrat is High Frequency (>200kHz) combined with High Overlap. This prevents the material from cooling
down between pulses ("Heat Stacking’). allowing the temperature to ratchet up to the precise oxidation window

without melting the surface.

FREDICT THESE COLORS OM YOUR MACHINE +

2. THE ZINC TRAP IBRASS]

Marking brass is difficult because Zinc boils (307°C) before Copper melts (1085°C). Long pulses (>100ns) boil the zinc,
creating "fuming” and rough surfaces.

« Solution: Use very short pulses (2-10ns) for "cold™ marking or cleaning.
+ Or: Use controlled heating to form Cuprous Oxide (Dark Brown/Red) without heavy ablation.

BROWSE BRASS & STEEL BASELINES —+

3. PULSE WIDTH CONTROL

5]
’

(%)

(

SHORT [2 - 28BNS) LONG 128 - SBAaNS)

Physics

Heat stacking (stainless colour),
the zinc trap (brass),

pulse width control.
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The numbers, with units
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Free in your browser, no account needed.

More tutorials: reticle-red.com/tutorials

Marration: Al voice (Elevenlabs). Screens: the real reticle-red.com.



