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LTERNATIVE TYPES OF PRINTING

THERE ARE 3 MAIN TYPES OF 3D PRINTING - FDM, SLS AND SLA. WITHIN THIS HANDBOOK WE
WILL BE DIscUssING FDM, ALso KNowN as Fusep DeposITIoN MoDELING.

FDM Fusep DeposiTioN MopEeLiNG (FDM) wORKs BY LAYING
DOWN CONSECUTIVE LAYERS OF MATERIAL AT HIGH
TEMPERATURES, ALLOWING THE ADJACENT LAYERS TO COOL AND BOND
TOGETHER BEFORE THE NEXT LAYER IS DEPOSITED. THE RESOLUTION OF
FDM RAPID PROTOTYPING IS LIMITED BY THE ACCURACY OF THE MOTORS
AND USER CALIBRATION, AS WELL AS THE PRINT TIME AVAILABLE. PRINT
TIME INCREASES LINEARLY AS PART TOLERANCES BECOME TIGHTER.
FDM PRINT TOLERANCES RANGE FROM 0.05 MM TO 0.5 MM WITH THE INDUSTRY AVERAGE COMING
IN AT AROUND 0.2 MM. SOME INTERESTING BENEFITS OF FUusED DEPOSITION MODELING INCLUDE
THE ABILITY TO EASILY CUSTOMIZE INFILLS OF THE OBJECTS BEING PRINTED. THIS MEANS THAT IT IS
VERY SIMPLE TO PRINT PROTOTYPE MODELS FOR FIT AND FINISH CHECKS WITH LOW INFILL, OR EVEN
HOLLOW, IN ORDER TO SAVE ON MATERIAL COSTS.

STEREOLITHOGRAPHY (SLA) IS ANOTHER EXAMPLE OF SL A
BUILDING A MODEL LAYER BY LAYER, BUT INSTEAD OF 2 =%

EXTRUDING MOLTEN PLASTIC THROUGH A NOZZLE, THE PROCESS

REQUIRES A LIQUID PLASTIC RESIN CALLED A PHOTOPOLYMER WHICH IS

THEN CURED BY AN ULTRAVIOLET (UV) LASER. THIS PROCESS IS EVEN

MORE COMPARABLE TO A CNC OPERATION AS THE SLA MACHINE

REQUIRES AN EXCESS AMOUNT OF PHOTOPOLYMER TO COMPLETE THE

PRINT. AN SLA MACHINE TYPICALLY STORES THE EXCESS

PHOTOPOLYMER IN A TANK BELOW THE PRINT BED. AS THE PRINT

PROCESS CONTINUES, THE BED IS LOWERED FURTHER INTO THE TANK

CURING EACH LAYER CONSECUTIVELY ALONG THE WAY.

ONCE THE FINAL LAYER IS COMPLETE THE BED IS RAISED OUT OF THE TANK, EXPOSING THE soLiD 3D
MODEL. SLA HAS A HIGHER RESOLUTION BUT LONGER PRINT TIME THAN FDM

SLS SELECTIVE LASER SINTERING (SLS) IS A VERY EXCITING TECHNOLOGY WHICH DIRECTLY

FUSES PARTICLES TOGETHER LAYER BY LAYER, THROUGH A HIGH ENERGY PULSE LASER.
SIMILAR TO SLA, THIS PROCESS STARTS WITH A TANK FULL OF BULK MATERIAL, BUT THIS TIME IN
POWDER FORM. As THE PRINT CONTINUES, THE BED LOWERS ITSELF FOR EACH NEW LAYER AS DONE
IN THE SLS PrROCESs. OVERHANGS ARE NATURALLY SUPPORTED BY THE EXCESS BULK POWDER
MATERIAL MAKING THOSE FEATURES MUCH MORE SIMPLE TO PRINT THAN UsING FDM. THE BULK
MATERIAL IS TYPICALLY HEATED TO JUST UNDER ITS TRANSITION TEMPERATURE TO ALLOW FOR FASTER
PARTICLE FUSION AND PRINT MOVES. SLS Is THE PREFERRED RAPID-PROTOTYPING METHOD OF
METALS AND EXOTIC MATERIALS, HOWEVER, THERE ARE ADDITIONAL COSTS IN ENERGY USED FOR
FABRICATING WITH THIS METHOD WHICH MAY REVERSE ANY SAVINGS REALIZED IN THE MATERIAL COST.

N
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ED ADHESION

GETTING A PRINT TO STICK TO YOUR BED CAN OFTEN BE A DIFFICULT TASK. NOT ONLY DO MANY
MATERIALS REQUIRE A HEATED BUILD PLATE, SOME EVEN REQUIRE ADDITIONAL ADHESIONS.

GLass BEDS HAVE A VERY SMOOTH SURFACE
GLASS BED WHICH IS PREFERRED OVER ACRYLIC. DUE TO THE

SMOOTH THE SURFACE, ADDITIONAL PRODUCTS ARE REQUIRED FOR
ADHESION. WE PREFER TO USE HAIRSPRAY. GLUE STICKS AND OTHER
SIMILAR MIXTURES HAVE BEEN TRIED, BUT THESE OFTEN MAKE THE

PRINT STICK TO THE BED, CAUSING THE REMOVAL OF THE PART TO BE VERY DIFFICULT. IF YOU DO
NOT HAVE A HEATED BED IT WILL BE VERY DIFFICULT TO ONLY USE HAIRSPRAY AND NOT
EXPERIENCE ANY WARPING OR LACK OF BED ADHESION. INDIVIDUALS WILL
OFTEN USE BLUE PAINTERS TAPE AS A MEANS TO GET THE PART TO STICK TO
THE BED. WE HAVE DONE THIS IN THE PAST BUT THE BOTTOM SURFACE
QUALITY IS NEVER AS GOOD AS WHEN PRINTED ON GLASS. THIS ALSO
REQUIRES THE TAPE TO BE REPLACED FREQUENTLY.

PoLYETHERIMIDE (PEI) REQUIRES NO ADDITIONAL ADHESIVES SUCH AS GLUE PEI BED
OR TAPE, BUT DOES REQUIRE A GLASS BED TO BE ATTACHED TO. PEl1salow ==~ ==&

SURFACE ENERGY POLYMER WITH A HIGH GLASS TRANSITION TEMPERATURE WHICH RESISTS
DEFORMATION THROUGHOUT SUCCESSIVE HEATING AND COOLING CYCLES. IT IS USED As THE TOP
SURFACE TO THE BUILD PLATFORM IN ORDER TO ENHANCE ADHERENCE TO THE BED ALONG WITH THE
ABILITY TO COLD RELEASE MANY 3D PRINTABLE MATERIALS WITHOUT RESORTING TO DESTRUCTIVE
METHODS. GLAss FILLED PEl FURTHER ENHANCES THESE FEATURES BY ADDING ADDITIONAL
RESISTANCE TO STRUCTURAL DEFORMATION DURING THE HEATING AND COOLING PHASES.

UsING A BRIM

A BRIM IS A WHEN THE PRINTER LAYS LINES
AROUND THE BASE QF THE PRINT WHICH
ESSENTIALLY ACT AS ANCHORS FOR THE
ENTIRE PRINT. THE AMOUNT OF LINES ADDED
CAN BE CHOSEN IN THE SLICING SETTINGS.
BRIM CAN OFTEN BE DIFFICULT TO REMOVE, BUT IT IS NEEDED FOR ANY ABS PRINT TO STICK TO THE
BED PROPERLY AND NOT WARP. SINCE BRIM OFTEN ADDS LINES TO EVERY PART OF THE BOTTOM
LAYER, INCLUDING HOLES IN THE MIDDLE OF THE PRINT THAT ARE NOT NEEDED FOR BED ADHESION,
YOU CAN ACTUALLY ADD A CLOSE .OTMM DISTANCE SKIRT TO ACHIEVE THE SAME FUNCTION.

OTHER FACTORS THAT CAN HELP BED ADHESION IS HAVING THE PROPER Z-HEIGHT As WELL As
MAKING SURE THE ENTIRE BED IS LEVEL BEFORE PRINTING.
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OOLING

COOLING IS AN ESSENTIAL PART FOR PRINTS TO FINISH SUCCESSFULLY. NOT ONLY DO MOTORS
AND OTHER PARTS NEED TO BE COOLED TO PREVENT OVERHEATING, BUT THE BARREL AND PRINT
ITSELF OFTEN REQUIRE ACTIVE COOLING.

STePPER MoOTOR COOLING

'WHILE THESE MOTORS ARE DESIGNED TO RUN HOT, THERE IS A
LIMIT TO HOW HOT YOU WANT THEM TO GET FOR PROLONGED
PERIODS. ONE OF THE SIMPLEST WAYS TO COOL YOUR
COMPONENTS WITHOUT DISRUPTING THE OPERATION OF THE
OVERALL SYSTEM IS TO ADD PASSIVE HEAT SINKS. THESE HEAT
SINKS WILL INCREASE THE HEAT DISSIPATION OF THE INDIVIDUAL
COMPONENTS BY EXPANDING THE AREA AVAILABLE FOR CONVECTIVE HEAT TRANSFER.

THe MaJORITY OF FDM PRINTERS WILL HAVE A FAN ON THE BARREL COOUNG

BARREL TO PREVENT HEAT CREEP AND FRUSTRATING NOZILE
€LOGS. WHEN PLASTIC MATERIAL IS BEING MELTED TO EXTRUDE THROUGH THE NOZZLE, THAT HEAT
WILL OFTEN TRAVEL UP THE PLASTIC FILAMENT STRIP. THIS HEAT WILL CAUSE THE FILAMENT TO
EXPAND. IF THIS EXPANSION OCCURS IN THE MIDDLE OF THE BARREL, THE FILAMENT WILL GET A
LARGE BULGE, ONE TOO LARGE TO PASS INTO THE HOTEND OR TO BE PULLED OUT OF THE EXTRUDER.
THIS OFTEN LEADS TO A CLOG THAT REQUIRES THE DISASSEMBLY OF THE EXTRUDER. TO PREVENT
THIS, A BARREL COOLING FAN IS NEEDED.

AcTive COOLING

AcTIvE COOLING REFERS TO A FAN ACTIVELY
BLOWING ON THE PRINT AS EACH LAYER IS
LAID DOWN. THIS PROCESS IS NEEDED FOR
HIGH SURFACE QUALITY ON PLA PRINTS AND
SIMILAR MATERIALS. THIS CAN ACTUALLY BE A
NEGATIVE TO USE ON LARGER ABS PRINTS DUE TO ITS SHRINKAGE RATES. YOU HAVE TO KNOW
WHAT MATERIAL YOU ARE PRINTING IN AND WHAT SETTINGS THAT PARTICULAR FILAMENT PREFERS.

ACTIVE COOLING, AND OFTEN THE BARREL FAN, WILL REQUIRE THE FIRMWARE ON YOUR PRINTER TO
BE FLASHED WITH CORRECT PID SETTINGS. WITHOUT THIS, AN ACTIVE COOLING FAN CAN ACTUALLY
CAUSE THE NOZZLE TO COOL = OFTEN ENOUGH TO CAUSE A PRINT TO FAIL.

COOLING SD3D



UAL EXTRUSION

MANY PRINTERS COME WITH THE ABILITY TO USE MORE THAN ONE EXTRUDER DURING THE PRINT.
THIS CAN ALLOW PRINTS IN MULTI-COLOR, OR EVEN DISSOLVABLE SUPPORT MATERIAL. WHILE
THIS SOUNDS LIKE A GREAT ADDITION TO FDM PRINTING, THERE ARE MANY HEADACHES AND
PROBLEMS INVOLVED.

LEVELING THE NOZZLES

LEVELING THE NOZZLES CAN BE ONE OF THE MOST DIFFICULT
THINGS INVOLVED WITH DUAL EXTRUDING. EACH PRINTER
HAS ITS OWN METHOD OF LEVELING, AND SOME CAN SEEM
IMPOSSIBLE TO PERFECT. LARGER NOZILED PRINTERS WITH
LARGER LAYER HEIGHTS ARE A BIT EASIER, BUT A SLIGHT
DIFFERENCE IN THEIR HEIGHTS WILL LEAD TO THE LOWER
NOZZEL KNOCKING INTO THE PRINT. SOME PRINTERS EVEN
REQUIRE THE ENTIRE HOTEND TO BE DISASSEMBLED, THE NOZZLES LEVELED, AND THEN HAVING THE
HOTEND REASSEMBLED BEFORE PRINTING CAN BE SUCCESSFULLY ATTEMPTED.

D1ssOLVABLE SUPPORT MATERIAL

'WHEN DUAL EXTRUDING IT IS OFTEN SUGGESTED TO USE HicH IMPAcT PoLysTYRENE (HIPS) ForR
SUPPORT MATERIAL. THIs Is BECAUSE HIPS Is DIssoLVABLE IN LIMONENE, A COLORLESS LIQUID
HYDROCARBON. WHILE WE HAVE EXPERIENCED SOME DIFFICULTY WITH DIsSOLVABLE HIPS, THE
IDEA IS THAT YOU CAN INCREASE YOUR SUPPORT STRUCTURE FILL AMOUNT uP TO 100. THis
SHOULD REMOVE ALL UGLY UNDERSIDES OF PRINTS AS WELL AS MAKE POST—PROCESSING MUCH
EASIER.

YOU CAN ALSO PRINT SUPPORT IN PVA (WHICH IS DISSOLVABLE IN WATER), OR IN PLA (wHIcH
CAN BE DISSOLVED IN SobiuM HYDROXIDE).

MuLti CoLoRr

HAVING DUAL OR MULTIPLE EXTRUSIONS ALSO ALLOWS FOR
MULTI-COLORED PRINTS. AN OBJECT CAN BE DESIGNED WITH MULTIPLE
COLORS OR THERE ARE DESIGNS ALREADY AVAILABLE FOR DOWNLOAD
ONLINE.

GENERALLY, WHEN PRINTING WITH DUAL EXTRUSIONS, PRIMING TOWERS
AND OOZE SHIELDS ARE REQUIRED IN ORDER TO HAVE A PRINT WITH A
GOOD SURFACE QUALITY,

DUAL EXTRUSION 5SDO3D



XTRUSION SETTINGS

MAKING SURE YOUR EXTRUSION SETTINGS (OR E=STEPS) ARE CORRECT IS MANDATORY TO HAVE
SUCCESSFUL, CLEAN PRINTS. UNDER EXTRUSION CAN LEAD TO A PRINT THAT DOESN'T FINISH
AND OVER EXTRUSION CAN LEAD TO VERY POOR SURFACE QUALITY.

UNDER EXTRUDING

UNDER EXTRUDING WILL HAVE PRINTS WITH GAPS IN THE TOP LAYERS, THEY WONT BE
WATERTIGHT, AND THEY WILL NOT BE AS MECHANICALLY STRONG AS THEY COULD BE.
OVERHANGS ARE ALSO VERY DIFFICULT TO PRINT WHEN UNDER EXTRUDING. HOWEVER, YOU
WILL NOT NOTICE MUCH OF A SURFACE QUALITY PROBLEM (OTHER THAN PERHAPS LAYER
DELAMINATION).

OvVEeR EXTRUDING

OVER EXTRUSION WILL CAUSE PRINTS TO
BE TOO LARGE, HOLES TO BE TOO TIGHT,
SURFACES WILL LOOK OVERSTUFFED AND
CAUSE LAYERS TO BE BULGING OUT. SINCE
THE PRINTER IS OVER FEEDING THE
FILAMENT, EACH LAYER WILL LIKELY BE
PUSHING INTO THE LAYER BELOW IT. THIs
LEADS TO VERY POOR SURFACE QUALITY
PRINTS. WHILE THIS IS TRUE, OVERHANGS ARE MUCH EASIER TO PRINT WHEN OVER EXTRUDING.

CORRECTING E-STEPS

E-STEPS REFERS TO THE AMOUNT OF STEPS THE MOTOR SHOULD MOVE
FORWARD WHEN FEEDING FILAMENT, IN A STEPS/MM MEASUREMENT. IN
ORDER TO CALIBRATE THIS, YOU WILL NEED TO COMPARE THE AMOUNT
OF FILAMENT THAT SHOULD BE FED THROUGH YOUR EXTRUDER VS THE
AMOUNT THAT IS ACTUALLY BEING FED. THIS INVOLVES MEASURING OUT
A CERTAIN AMQUNT OQF FILAMENT AND THEN TELLING YOUR PRINTER TO
EXTRUDE THAT AMOUNT. YOU CAN THEN MEASURE THE DIFFERENCE
BETWEEN WHAT SHOULD HAVE EXTRUDED VS WHAT WAS ACTUALLY FED.
USING A SIMPLE CALCULATION CAN HELP YOU FLASH YOUR FIRMWARE
WITH THE CORRECT E~STEPS.

HHOOL

THERE IS A VERY HELPFUL VIDEO TUTORIAL ON THIS YOU CAN ACCESS BY WATCHING THOMAS
SANLADERER'S YouTuBe CHANNEL

EXTRUSION SETTINGS SO3D



ILAMENT OPTIONS

FDM FILAMENT AND MATERIAL OPTIONS ARE GROWING EVERY DAY. THERE ARE A VAST
AMOUNT OF COMPANIES THAT NOW SUPPLY STANDARD PLA AND ABS, BUT THERE ARE
NOW ALSO THOSE THAT PRODUCE MATERIAL OPTIONS WITH VARYING PROPERTIES.

'l 75MM '3 3MM FDM EXTRUDERS ARE BUILT FOR EITHER 1.75MM OR 3MM

DIAMETER FILAMENTS. THERE IS DEBATE ON WHICH IS PREFERRED.
THE EXTRUDER FOR 3MM FILAMENT WILL HAVE TO TURN ITS STEPPER MOTOR LESS TO EXTRUDE THE
SAME AMOUNT OF MATERIAL, DUE TO THE THICKER DIAMETER. THIS CAN LEAD TO LESS GRINDING
OF THE FILAMENT WHICH WILL LEAD TO LESS LIKELIHOOD THAT THE FILAMENT WILL BE GRINDED TO
THE POINT OF BREAKING. 1.75MM, ON THE OTHER HAND, IS MORE FLEXIBLE WHILE ON THE SPOOL
AND IS EASIER TO FEED. 3MM ALSO HAS A SMALLER TOLERANCE PERCENTAGE RANGING FROM
2.8MM = 2.9MM (1.8%) vs 1.75MM oF 1.7MM - 1.8MM(2.9%)

THE 2 MAIN TYPES OF MATERIALS USED TODAY ARE PLA PL A AND ABS

{PoLyLAcTIC ACID) AND ABS (ACRYLONITRILE BUTADIENE
STYRENE). WITH VERY MINIMAL SHRINKAGE RATES AND A
CHEAP PRICE TAG, PLA 1S THE GO TO FOR PARTS THAT DO
NOT REQUIRE STRESS. SINCE THE SHRINKAGE RATE IS SO
LOW, PARTS DO NOT WARP WHILE PRINTING PLA. THis
MAKES PLA EASIER TO PRINT THAN OTHER FILAMENTS SINCE IT'S NOT REQUIRED TO BE IN AN
ENCLOSED ENVIRONMENT FOR LARGE PARTS. WHILE PLA BOASTS A HIGH TENSILE STRENGTH, IT IS
ALSO MORE BRITTLE THAN MOST OTHER MATERIALS WE USE WITH A VERY LOW IMPACT RESISTANCE.
IT CAN CRACK OR BREAK WHEN DROPPED AND DOES NOT HAVE MANY MECHANICAL USES.
ABS HAS A VERY HIGH GLASS TRANSITION TEMPERATURE (105°C) wHICH
MEANS THAT IT REQUIRES A HEATED BUILD PLATE FOR BED ADHESION AND
TO PREVENT WARPING AND LAYER DELAMINATION. DUE TO THE HIGH
SHRINKAGE RATES, LARGER PRINTS ALSO REQUIRE AN ENCLOSED OR
CONTROLED ENVIRONMENT WITH AMBIENT TEMPERATURES OF AROUND
55°C. ABS Is GREAT FOR MECHANICAL PARTS AND HAS THE ABILITY TO BE
ACETONE VAPOR FINISHED.

UNIQUE MATERIALS OVER THE PAST COUPLE OF YEARS, THE FILAMENT

OPTIONs FOR FDM PRINTING HAVE EXPANDED TO
INCLUDE AN IMMENSE AMOUNT OF CHOICE. FROM FLEXIBLE, TO CARBON FIBER
INFUSED, TO HIGH HEAT RESISTANT, TO FDA APPROVED - THERE ARE NOW
OPTIONS THAT CAN SUITE ANY NEED. THE ISSUES BEGIN TO ARISE WHEN
ATTEMPTING TO PRINT COMPLEX MODELS OR NOT ENTIRELY UNDERSTANDING THE
PREPERATIONS REQUIRED. HIGH HEAT RESISTANT MATERIALS REQUIRE AN
ENCLOSED PRINTER. MANY FLEXIBLE MATERIALS AND NYLONS REQUIRE A PVA
WATER SOLUTION BE ADDED TO THE BED. SOME MATERIALS JUST CANNOT
PRINT PARENT SUPPORT MATERIAL. BY USING THESE UNIQUE MATERIALS AND
UNDERSTANDING THE LIMITATIONS, SOME AMAZING THINGS CAN BE PRINTED.

FILAMENT OPTIONS BSD3D




-CODE

G-CODE IS A LANGUAGE IN WHICH PEOPLE TELL COMPUTERIZED MACHINE TOOLS HOW TO MAKE
SOMETHING. THE "HOW" IS DEFINED BY INSTRUCTIONS ON WHERE TO MOVE, HOW FAST TO MOVE,
AND WHAT PATH TO MOVE.

LAYER BY I-AYER FDM PRINTING CAN BE THOUGHT OF As 2D PRINTING OVER AND

OVER AGAIN, LAYER BY LAYER. THIS PROCESS IS DONE BY FEEDING
THE PRINTER A .GCODE FILE. THE PRINTER THEN READS THIS G=CODE BY TELLING THE PRINTER HOW
TO MOVE IN THE X-Y DIRECTION FOR EACH LAYER, HOW MUCH FILAMENT TO FEED, AT WHAT
TEMPERATURE TO PRINT, AND HOW MUCH THE PRINTER HEAD SHOULD MOVE IN THE Z=DIRECTION
AFTER COMPLETING THAT LAYER. THE PROCESS IS THEN REPEATED.

IN ORDER TO GET A G=CODE, ONE MUST CREATE A “sLICE” OF A 3D FILE. THis SL|C| NG
IS DONE BY USING A SLICING PROGRAM. THERE ARE FREE PROGRAMS SUCH AS

2 CuRA, SLIC3R, OR THE MAKERBOT PROGRAM THAT COMES WITH ITS
PRINTERS (MAKERBOT ACTUALLY USES .X3G INSTEAD OF G-CODE).
¢ A PAD PROGRAM CALLED SIMPLIFY3D IS GREAT FOR

PERSONALIZATION OF SETTINGS, BUT IT CAN BE A BIT OVERWHELMING

AT FIRST. THERE ARE NUMEROUS BASIC SETTINGS FOR EACH MATERIAL

SUCH AS TEMPERATURE, SPEED, AND LAYER HEIGHTS AND THERE ARE

ADVANCED  SETTINGS FOR INFILL, SUPPORT, RETRACTION
AND MORE. TUTORIALS, BLOGS, AND OUR cOMPLETE PLA AND ABS PROFILE SETTINGS GUIDE ON
OUR WEBSITE CAN HELP, BUT AT THE END OF THE DAY, TRIAL AND ERROR IS ALWAYS REQUIRED. THIS
IS BECAUSE DIFFERENT PRINTERS USING DIFFERENT HOTENDS WITH DIFFERENT MATERIALS MADE BY
DIFFERENT MANUFACTURERS WHICH CAN ALL LEAD TO CHANGES IN SETTINGS.

ONCE HAPPY WITH THE SETTINGS CHOSEN, IT IS A MATTER OF EXPORTING THE PART AS A .GCODE
TO WHATEVER DEVICE IS USED FOR PRINTING {SD CARD, OCTOPRINT, ETC)

SIM PLE COM MAN DS THERE ARE SOME SIMPLE COMMANDS TO KNOW FOR EASY

USE OF YOUR PRINTER FROM THE TERMINAL

G0: Rapid Linear Mowvement (can be applied to X,Y,Z,E.F.3)
B G0 X20 moves the printer head Z20mm in the =z direction

G92: Set Position (can be applied te ¥,¥,Z.E)
M G92 ED0 resets extruder

G28: Move to Origin (can be applied to X,Y.Z)
B G28 X Z Go to home for ¥ and Z axis

M0: Unconditional Stop

M302: Enahles cold extrusion

G-CODE BSD3D
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EATED BUILD PLATE

MANY BASIC PRINTERS DO NOT COME WITH A HEATED BUILD PLATE, BUT IT IS NECESSARY TO
HAVE ONE IF YOU WOULD LIKE TO PRINT IN MATERIALS WITH HIGH MECHANICAL PROPERTIES.

GLAss TRANSITION TEMPERATURE

YL
480

CF-ABS

PET+

PCTPE

FLEXSOLID

BRIDGE _  PLA
NYION G @
CF-PLA

T-GLASE

NYLON 910

® THE GLASS TRANSITION TEMPERATURE (TG)

#caBs |$ THE TEMPERATURE REGION WHERE THE
swernr  POLYMER TRANSITIONS FROM A HARD,
L GLASS MATERIAL TO A SOFT, RUBBERY
MATERIAL.  PRINTS WILL OFTEN DEFORM

AROUND THIS TEMPERATURE, BUT IT IS

4BS NEEDED FOR THE BED TO HEAT TO JUST
AROUND A MATERIALS GLASS TRANSITION
TEMPERATURE IN ORDER TO HAVE GOOD
BED ADHESION. YOU CAN GET AWAY WITH
PRINTING PLA ON A NON-HEATED BED,
BUT ANY MATERIAL WITH A HIGH TG WILL

REQUIRE A HEATED BED.

TEMPERATURE GRADIENTS

THERMOPLASTICS ARE VERY SENSITIVE TO TEMPERATURE
FLUCTUATIONS, SPECIFICALLY WHEN THEY ARE BEING
RAPIDLY EXTRUDED AT TEMPERATURES WELL ABOVE
THEIR GLASS TRANSITION TEMPERATURE. WHEN THERE
IS A SIGNIFICANT DIFERENCE IN TEMPERATURE ON ONE
SIDE OF THE HBP COMPARED TO THE OTHER, WE CALL
THAT A TEMPERATURE GRADIENT. THESE TEMPERATURE
GRADIENTS AND ENVIRONMENTAL  FLUCTUATIONS

ARE THE LEADING FACTORS THAT LEAD TO PART FAILURES DUE TO WARPING. TEMPERATURE
GRADIENTS ABOVE THE HBP CAN ALSO LEAD TO AN EFFECT KNOWN AS “DELAMINATION”,
WHERE THE PRINT REMAINS ADHERED TO THE BED, BUT INDIVIDUAL LAYERS ABOVE THE HBP
SURFACE BEGIN TO WEAKEN AND SEPARATE FROM EACH OTHER. SO IF YOU WANT TO HAVE

STRONG PARTS THAT PRINT RELIABLY, A GOOD STARTING POINT WOULD BE
TO ENSURE YOUR HBP IS AS UNIFORM AND GRADIENT=FREE AS POSSIBLE.
SINCE WE HAVE BEEN RESEARCHING THE EFFECTs OF HBP THERMAL
GRADIENTS FOR QUITE SOME TIME, WE DECIDED EARLIER THIS YEAR TO TAKE

A SHOT AT FIXING THE ISSUE.

'WE INCORPORATED A VERY SPECIAL BED
STACK INTO OUR BETA 3D GENIE (3DG) auToMATED FDM PRINTER WITH

THE AIM TO ELIMINATE SIGNIFICANT GRADIENTS AT THE PRINT SUFACE (PICTURED TO THE RIGHT)

HEATED BUILD PLATE
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INFILL REFERS TO THE STRUCTURE THAT IS PRINTED INSIDE OF A CLOSED OBJECT. IF YOU WANTED
SOMETHING PRINTED HOLLOW, YOU WOULD PRINT WITH A 0% INFiLL. 100% WILL FILL THE
ENTIRE OBJECT WITH MATERIAL, CAUSING THE WEIGHT AND TIME REQUIRED TO PRINT TO INCREASE.

STANDARDS

AN INFILL OF OVER 25% 1S NOT NEEDED FOR MOST STRUCTURES. THIS IS ONE REASON THAT 3D

PRINTING IS USEFUL IN AVIATION. DRONES AND OTHER W AN &

e
b

WEIGHT. IN ORDER TO HAVE A PRINT WITH A CLEAN TOP

e v v
SIMILAR STRUCTURES CAN HAVE STRENGTH YET REDUCED . ‘ ..“ .
>

SURFACE, LARGER PRINTS WILL REQURIE AN

MINIMUM oF 10%.

INFILL

INFILL PATERNS

WITHIN CERTAIN SLICING PROGRAMS THE
USER IS ABLE TO CREATE UNIQUE INFILL
PATTERNS IN ORDER TO TEST THE STRENGTH
OF EACH AT DIFFERENT FILL PERCENTAGES.
DECORATIVE PATTERNS sUCH As MOROCCAN
STARS AND CATFILL SHOW POOR
PERFORMANCE AND SHOULD ONLY BE USED IF
THEY ARE EXPOSED AND ARE PART OF THE
DESIGN. THE REAL DEBATE IS BETWEEN
LiINEAR, DiacoNAL AND HEXAGONAL
PATTERNS. VARYING COMBINATIONS OF
INFILL PERCENTAGE AND PATTERN CAN
INFLUENCE STRENGTH, MATERIAL USAGE, AND
PRINT TIMES. SOMETIMES, IN ORDER TO
IMPROVE THE MECHANICAL PERFORMANCE OF

A 3D PRINTED PART, IT COMES AT THE EXPENSE OF PRINT SPEED, AFFORDABILITY, AND

QUALITY.

TesT RESULTS

THROUGH TRIAL AND ERROR WE HAVE FOUND THAT THE THREE MOST USEFUL PATTERNS ARE
DIAGONAL, LINEAR, AND HEXAGONAL. TRIANGULAR STRUCTURES CAN ALSO BE USED TO SPEED UP
THE PRINT, BUT WHEN IT COMES TO STRENGTH VS MATERIAL USED, THOSE THREE SEEM TO HAVE

THE BEST RESULTS.

INFILL
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OGGING AND HOMING

JOGGING YOUR PRINTER MEANS THAT YOU ARE MOVING THE CARRIAGE AND BED ALONG THEIR
GIVEN AXIS. WHEN PRINTING IT IS ALWAYS BEST TO MAKE SURE THAT YOUR GEARS AND AXIS ARE
PROPERLY CALIBRATED AND SLIDING SMOOTHLY. THIS MEANS THAT YOU SHOULD PERIODICALLY
CHECK AND CONFIRM WHERE “HOME" IS FOR YOUR PRINTER. THIS CAN SAVE A MAJOR HEADACHE

WHEN YOU PREVENT A LONG PRINT FROM FAILING 20 HOURS IN.

FiNnDING HOME

NO MATTER THE STYLE OF PRINTER, EACH FDM MACHINE wiLL
NEED TO FIND “HOME" BEFORE EACH PRINT. THIS REFERS TO
HITTING AN END STOP IN ORDER TO KNOW WHERE TO BEGIN.
SINCE THIS 1S A MECHANICAL PROCESS, IT IS ALWAYS GOOD TO
BOTH VISUALLY AND PHYSICALLY CHECK TO SEE IF THE X,Y,

AND Z AXIS ARE STARTING CORRECTLY.

IT IS ALSO VERY IMPORTANT TO MAKE SURE YOU HAVE A LEVEL
BuiLD PLATE AND PROPERLY CHECK THE Z-HEIGHT (as

MENTIONED LATER IN THIS HANDBOOK)

Sy

LuBRICATING RODs

IF YOU ARE PRINTING FREQUENTLY YOU WILL WANT TO MAKE SURE TO OCCASIONALLY LUBRICATE
THE RODS. WHEN JOGGING YOUR CARRIAGE OR BUILD PLATE YOU WILL OFTEN BE ABLE TO TELL IF
THERE ARE ANY ROUGH AREAS THAT ARE NOT MOVING SMOOTHLY. YOU CAN DO THIS WITH YOUR
HANDS WHEN YOUR STEPPER MOTORS ARE TURNED OFF. IF THERE ARE ANY AREAS THAT YOU CAN
TELL IS NOT SLIDING RIGHT, ADD SOME WHITE LITHIUM GREASE OR SIMILAR LUBRICATION PRODUCT.

STEPPER MALFUNCTIONS

EACH AXIS IN A CARTESIAN PRINTER REQUIRES ITS OWN
STEPPER MOTOR. THIS MOTOR CAN WEAR OUT OVER TIME
JUST LIKE ANY OTHER PART ON YOUR PRINTER. SCREWS
MAY BECOME LOOSE AND THE PULLEY MAY NOT SPIN THE
PROPER AMOUNT OF TIMES IN WHAT THE PRINTER THINKS
IS A FULL ROTATION. THIS WILL NOT ONLY LEAD TO XY
AXis SHIFTS, AS MENTIONED LATER, BUT IT MAY MAKE THE
PRINT TOO LONG OR TOO SHORT IN ONE DIRECTION,
ALONG WITH THE UNDER/OVER EXTRUSION ISSUES THAT
COME ALONG WITH THAT. PERIODICALLY CHECK YOUR
STEPPER MOTORS AND THEIR PULLEYS TO SEE THAT
EVERYTHING IS JOGGING SMOOTHLY.

JOGGING AND HOMING
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NOWLEDGE OF SURROUNDINGS

WHEN WE SAY TO KNOW YOUR SURROUNDINGS WE DONT MEAN TO UNDERSTAND
DEMOGRAPHICS OR UPDATES IN THE 3D PRINTING INDUSTRY, WE MEAN TO KNOW THE DETAILS
AND VARIABLES OF THE AREA WHERE YOUR PRINTER IS LOCATED. AMBIENT TEMPERATURE,
HUMIDITY, AND AVAILABLE POWER ARE ALL JUST SOME OF THE THINGS YOU SHOULD BE AWARE OF
BEFORE PRINTING.

AMBIENT TEMPERATURE

THE TEMPERATURE OF THE AIR SURROUNDING YOUR PRINTER CAN DRASTICALLY
CHANGE THE QUALITY OF YOUR MANUFACTURED PART. AS MENTIONED IN
FILAMENT OPTIONS, CERTAIN MATERIALS SUCH AS ABS REQURE A HIGHER
AMBIENT TEMPERATURE TO PREVENT WARPING AND LAYER DELAMINATION.
OFTEN THE AMBIENT AIR IN OUR FACILITY CAN BECOME SO LOW THAT WE ARE
REQUIRED TO ENCLOSE RACKS OF PRINTERS = EVEN FOR PLA PRINTS.

YOU WILL NEED TO NOTICE WHEN THERE ARE EXTREME TEMPERATURE
FLUCTUATIONS IN YOUR ENVIRONMENT, ESPECIALLY WHEN NOT USING AN AIR
CONDITIONER OR HEATER FOR STABILITY.

D'

HuMipity

HUMIDITY CAN EFFECT THE POLYMER YOU ARE USING TO
THE POINT OF CAUSING A FAILED PRINT. HumiDITY
EFFECTS THE SHRINKAGE RATES OF FILAMENTS WHICH CAN
EFFECT THE SURFACE QUALITY.

AMBIENT HUMDITY DOES NOT ONLY EFFECT THE FILAMENT

DURING THE PRINT, BUT WHERE YOU STORE IT. MosT
MATERIALS WANT TO BE STORED IN A VERY LOW HUMIDITY
AREA OF 40% OR BELOW. WE HAVE A DEHUMIDIFIER
RUNNING 24 HOURS A DAY WHERE OUR FILAMENT IS

STORED. MOST FILAMENTS COME IN A VACCUUM SEALED
PACK WHICH YOU SHOULD NOT OPEN UNTIL READY TO USE. THE TYPE OF MATERIAL WILL DEPEND
ON HOW MUCH IT Is EFFECTED. NYLONS WILL SATURATE QUICKLY AND WILL LIKELY POSE PROBLEMS
WHEN PRINTING IF NOT STORED IN PROPER HUMIDITY.

'WHETHER YOU PRINT IN A DRY HOT CLIMATE OR A COLD HUMID CLIMATE WILL DRASTICALLY CHANGE
YOUR SETTING AND QUALITY. COLD WINDS OR A PRINTER DIRECTLY UNDER AN AIRCONDITION VENT
CAN LEAD TO NEVER ENDING FAILED PRINTS. YOU HAVE TO KNOW YOUR SURROUNDINGS IF YOU
EVER EXPECT TO TURN OUT RELIABLE RESULTS.
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EVEL BUILD PLATE

A COMMON PRINTER FAILURE WILL BE WHEN THE BUILD PLATE IS NOT LEVEL. THIS ACTUALLY
HAPPENS SO OFTEN THAT WE RECOMMEND LEVELING THE BUILD PLATE BEFORE ANY LONG
PRINT. THERE ARE SOME FDM PRINTERS THAT SAY THEY ARE ABLE TO AUTOMATICALY LEVEL
THE PRINTER BED, BUT EVEN THESE WILL REQUIRE FREQUENT CALIBRATION.

U NLEVEL B ED 'WHEN WE SAY “LEVEL BUILD PLATE” WE MEAN THAT EACH CORNER

{AND CENTER) OF THE PRINTER BED IS EQUAL DISTANCE FROM THE
NOZZLE. SOME PRINTERS CLAIM TO AUTOMATICALLY LEVEL, BUT
MOST OF THESE ARE NOT NEARLY AS CALIBRATED AS ONE WOULD
EXPECT. IT IS QUITE SURPRISING JUST HOW OFTEN A BED CAN
BECOME UNLEVELED.

BEDS THAT ARE UNLEVEL WILL MAKE LARGE
PRINTS IMPOSSIBLE. THIS IS WHY WE
RECOMMEND DOING A BED LEVELING TEST
BEFORE ANY IMPORTANT OR LARGE PRINT.

THick GLASss BuiLD PLATE

'WE HAVE FOUND THAT WORKING WITH A THICK GLASS BUILD PLATE IS THE EASIEST AND MOST
USER FRIENDLY. ASIDE FROM THIN GLASS BEING MORE LIKELY TO CRACK OR DENT, A THICKER
BUILD PLATE IS EASIER TO ENSURE A LEVEL BUILD AREA. THIS IS BECAUSE AT HIGH
TEMPERATURES IT IS MORE LIKELY FOR THIN GLASS OR ACRYLIC TO BEND OR WARP, LEAVING
PARTS OF THE BUILD PLATE FURTHER FROM THE PRINT NOZZLE THAN OTHERS. WE PREFER TO
USE 174" THICK GLASS INSTEAD OF THE 1/8” THAT MANY PRINTERS COME WITH.

ProPER BEp CLIPs

HAVING BED CLIPS THAT ARE EASY TO
MANIPULATE 1S ESSENTIAL IN HAVING A LEVEL
BUILD PLATE, ESPECIALLY AFTER UPGRADING TO A
THICKER GLASS. IT IS BEST TO HAVE CLIPS THAT
HAVE TWO ACCESS POINTS THAT ALLOW EASY
TIGHTENING AND LOOSENING WITH A STRONG
SPRING. THIS ALLOWS YOU TO LEVEL THE BED
DURING THE INITIAL BED LEVELING TEST AND ALLOWS YOU TO ACTUALLY LEVEL DURING THE
FIRST LAYER OF THE PRINT.

LEVEL BUILD PLATE BSO3D



ODEL ERRORS

ONE VERY COMMON MISTAKE THAT HAPPENS DURING THE PRINT MAY NOT ACTUALLY BE AN
ISSUE WITH THE PRINTER OR SOFTWARE = IT MAY BE WITH THE MODEL ITSELF. SINCE WE ARE
OFTEN SENT FILES THAT WE DID NOT DESIGN, IT IS MANDATOQRY THAT EVERY MODEL BE
CHECKED FOR THE ABILITY TO BE PRINTED.

WALL THICKNESS

| e e
ONE EXTREMELY COMMON MODEL ERROR IS HAVING ———
A WALL TOO THIN OR NON EXISTANT. A PRINTER
WILL ONLY PRINT THE WALL OF A PRINT IF IT IS
THICKER THAN THE NOZZLE DIAMETER. AND WITH ‘

THAT SAID, WE ALWAYS SUGGEST WALLS BE AT LEAST

3 TIMES THICKER THAN THE DIAMETER OF THE NOZZLE. [T IS BEST TO FIGURE OUT IF THIS IS
GOING TO BE A PROBLEM WHILE IN YOUR SLICING PROGRAM. TAKE THE PRINT LAYER BY LAYER
TO MAKE SURE THERE ARE NO GAPS. THE SAME IS TRUE FOR THE THICKNESS OF THE BOTTOM
AND TOP WALLS.

HoLes IN MODEL

INDIVIDUALS WILL OFTEN TRY TO SAVE TIME
BY CONVERTING A 2D oBJECT INTO A 3D
FIELD AND EXPECT THIS TO PRINT PROPERLY.
WHILE THESE 3D OBIECTS LOOK GOOD TO
THE EYE, THE PRINTER WILL NOT RECOGNIZE
THE WALLS AS ANYTHING BUT NON=PRINTABLE
2D races. ONE EASY WAY TO TELL IF THIS PROBLEM EXISTS ON YOUR PRINT IS TO DRAG INTO
A PROGRAM LIKE NETFABB AND CHECK FOR ANYTHING HIGHLIGHTED RED THAT CAN BE
REPAIRED.

THERE CAN ALSO BE ACTUAL HOLES IN THE MODEL JUST AS THERE ARE FLAT FACES. OFTEN
THESE CAN BE VERY HARD TO NOTICE ON A SLICING PROGRAM AND YOU WON'T EVEN KNOW
UNTIL THE PRINTER HEAD GETS TO THAT SECTION.

ANGLES AND LIMITATIONS

As EXPLORED IN UNDERSTANDING LIMITATIONS, THERE ARE SOME THINGS THAT ARE JUST NOT
PRINTABLE ON AN FDM 3D PRINTER. A MOSTLY ENCLOSED STRUCTURE THAT REQUIRES
SUPPORT MAY NOT HAVE AN EXIT FOR THAT SUPPORT MATERIAL TO BE REMOVED. EXTREME
ANGLES AND LACK OF FLAT SURFACE TOUCHING THE BUILD PLATE CAN CAUSE UGLY SURFACE
QUALITY ON MOST MATERIALS.
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OZILE CLOGS

SINcE FDM PRINTING INVOLVES MELTING POLYMERS AND FEEDING THEM THROUGH A VERY SMALL
HOLE, NOZZLE CLOGS ARE ONE OF THE MOST COMMON AND ONE OF THE MOST ANNOYING
PROBLEMS TO 0¢cUR WITH A 3D PRINTER. REPAIR CAN BE AS SIMPLE
AS PUSHING A HARD ALAN WRENCH THROUGH THE BARREL, SOME CAN
BE AS TIME CONSUMING AS DISSAMBLING THE CARRIAGE AND TORCHING
THE MATERIAL OUT.

Hear CRreep

As MENTIONED IN our CooOLING
CHAPTER, A BARREL FAN IS NEEDED FOR
ALMOST ALL FDM PRINTERS TO SUCCEED
WITHOUT HEAT CREEP CAUSING A NOZILE
€LOG. WHILE FEEDING MATERIAL OUT OF A HOT NOZILE, THE HEAT WILL OFTEN CREEP UP THE
FILAMENT. THIS CAUSES THE FILAMENT TO EXPAND INSIDE THE BARREL, OFTEN CREATING A LUMP. THIS
LUMP WILL CAUSE A CLOG AND WILL MAKE THE REMOVAL OF THE FILAMENT FROM THE BARREL NEAR
IMPOSSIBLE WITHOUT DISASSEMBLY.

PID REFERS TO A PROPORTIONAL INTEGRAL DERIVATIVE CONTROLLER

THAT 15 USED IN 3D PRINTING TO CONTROL THE TEMPERATURE OF THE PI D TUNING
NOZZLE. WHEN THE PID SETTINGS ARE OFF, A FAN CAN DRASTICALLY CHANGE THE TEMPERATURE
OF THE HOTEND. THE BARREL FAN OR THE ACTIVE COOLING FAN CAN DROP A HOTEND FROM
210°C 10 160°C IF THE PID SETTINGS ARE OFF. THIS RAPID COOLING WILL MAKE THE NOZZLE
TOO COLD FOR THE FILAMENT TO FEED. THIS MEANS THAT THE EXTRUDER GEAR WILL SLOWLY
GRIND INTO THE FILAMENT UNTIL IT SNAPS. YOU CAN UPDATE YOUR PID SETTINGS BY REFLASHING
YOUR FIRMWARE.

Tirs To Avoip NozzLe CLogs

Keep EVERYTHING CLEAN = CLEANING A BED AND WIPING DOWN A NOZZLE AFTER AND BEFORE
EACH PRINT CAN GO A LONG WAY TO PREVENTING A CLOG.

Feep FiLAMENT DowN RouUGHLY 1/2 INCH BEFORE PULLING OUT = WHEN FILAMENT IS JUST
SITTING IN A BARREL, SOME MINOR HEAT CREEP CAN OCCUR. WHILE NOT ENOUGH TO CAUSE A
CLOG WHILE PRINTING, IT CAN BE EXTREMELY DIFFICULT TO REMOVE. THIS CAN BE PREVENTED BY
FEEDING THE FILAMENT PAST THIS POINT, AND THEN PULLING IT OUT.

USE ONLY ONE MATERIAL IN EACH PRINTER =THIS CAN BE VERY DIFFICULT FOR THOSE WITH ONLY
1 OR 2 PRINTERS, BUT SWITCHING MATERIALS ON A PRINTER CAN LEAD TO CLOGGING. SWITCHING
FROM ABS 10 PLA MAY NOT GET RID OF ALL OF THE REMAINING ABS MATERIAL, WHICH CAN
CLOG DURING THE PRINT.

Proper PRINTER SPEED = PRINTING TOO FAST ON A MATERIAL CAN CAUSE GRINDING UNTIL THE
FILAMENT SNAPS, AND PRINTING TOO SLOW CAN INCREASE THE HEAT CREEP RISK.
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RIENTATION OF PRINT

ALONG WITH ERRORS AND COMPLICATED MODELS, THE ORIENTATION OF A PRINT CAN DRASTICALLY
CHANGE THE TIME TO PRINT, MATERIAL USED, AND SURFACE QUALITY. [T IS RECOMMENDED TO
PRINT ON A FLAT SURFACE AND MAKE SURE TO NOT HAVE ANY EXTREME OVERHANGS.

FLAaT BoTTOM

IT Is EXTREMELY BENEFICIAL TO HAVE THE SURFACE THAT IS TOUCHING YOUR BUILD PLATE BE FLAT, A
FLAT SURFACE ALLOWS FOR STRONG ADHESION TO THE BUILD PLATE, EASIER SUPPORT REMOVAL, AND

BETTER SURFACE QUALITY,
'WHEN SUPPORT IS NEEDED ON AN AREA THAT IS VERY CLOSE TO THE BUILD PLATE, IT CAN BE VERY

DIFFICULT TO REMOYVE.
SUPPORT MATERIAL

THE AMOUNT OF SUPPORT MATERIAL NEEDED CAN
DRASTICALLY CHANGE DEPENDING ON THE ORIENTATION OF
THE PRINT. SUPPORT MATERIAL ESSENTIALLY WORKS AS
SCAFFOLDING FOR ANY ANGLE MORE EXTREME THAN 45°
FROM THE BED. [T IS NORMALLY BEST TO PRINT IN THE
ORIENTATION THAT REQUIRES THE LEAST AMOUNT OF
SUPPORT MATERIAL IN ORDER TO SAVE TIME AND MONEY.
THE PRINT QUALITY ITSELF IS ALSO MUCH BETTER WHEN
ORIENTED IN THE FASHION WITH THE LEAST AMOUNT OF
OVERHANGS.

OVERHANGS

As MENTIONED ABOVE, IT IS BEST TO KEEP EXTREME ANGLES ORIENTED IN A WAY THAT WILL NEED
THE LEAST AMOUNT OF SUPPORT MATERIAL. THIS SHOULD BE TAKEN INTO ACCOUNT WHENEVER
DESIGNING A PART FOR 3D PRINTING. THERE ARE NUMEROUS 3D DESIGNS THAT LOOK GREAT ON
THE COMPUTER BUT PRINT VERY ROUGH DUE TO EXTREME ANGLES AND OVERHANGS.
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OST-PROCESSING

POST-PROCESSING REFERS TO WORKING ON THE PRINT AFTER IT HAS ALREADY BEEN PRINTED.
WE DO NOT MEAN SUPPORT AND BRIM REMOVAL, BUT RATHER ACETONE VAPOR FINISHING,
COMBINING LARGE PRINTS, AND EVEN PAINTING.

SMOOTHING THE SURFACE QUALITY

THERE ARE A COUPLE OF WAYS TO IMPROVE THE SURFACE QUALITY OF A PRINT AFTER PRINTED.
SiNce ABS 1s SOLUABLE IN ACETONE, IF THE PART IS MADE OF ABS, oR sOME FORM OF ABS
COMBINATION, YOU WILL BE ABLE TO GIVE IT AN ACETONE VAPOR BATH. THIS WILL ALLOW
THE PART TO BECOME MORE WATER TIGHT AND
GIVE IT A SHINE THAT IS SIMILAR TO INJECTION
MOLDED PIECES.

PLA cAN BE SMOOTHED WITH A BRUSH ON GEL
sucH as XTC. THis Is A BIT MORE TIME
CONSUMING AND LESS EFFECTIVE THAN AN
ACETONE VAPOR BATH.

TO PROPERLY APPLY AN ACETONE VAPOR BATH, IT IS EASIEST TO HAVE A SLOW COOKER AND
A VACUUM. YOU CAN DO AN OVERNIGHT ACETONE VAPOR BATH AT ROOM TEMPERATURE, BUT
RESULTS HAVE BEEN MUCH BETTER IN A SLOW COOKER. T CAN TAKE A LITTLE WHILE TO HONE
IN THE AMOUNT OF TIME REQUIRED, BUT WHEN DONE CORRECTLY, PARTS SHOULD ONLY TAKE
AROUND 2 MINUTES TO GIVE A GOOD ACETONE VAPOR FINISH. ONCE THAT IS COMPLETE, IT
IS BEST TO VACUUM PURGE THE PARTS TO REMOVE ANY EXCESS INTERNAL ACETONE AND
IMPROVE STRENGTH.

COMBINING PRINTS

ONE ANNOYING THING ABOUT PRINTING CAN BE THE SIZE LIMITATIONS OF THE BUILD AREA.
THE LARGEST STANDARD FDM PRINTERS FOR SALE ARE RIGHT AROUND 1 FoOT?. THAT
DOESN'T MEAN YOU CAN'T SPLIT LARGER PRINTS UP AND COMBINE THEM AFTER PRINTING. ABS
CAN BE WELDED WITH ABS ¢EMENT AND PLA CAN BE COMBINED WITH STRONG SUPER GLUE.
CRACKS CAN THEN BE FILLED WITH A 3D PRINTING PEN TO INCREASE STRENGTH. ONCE
STRONG, THE SEAMS CAN BE SMOOTHED OUT WITH BONDO OR SPACKLE.

ONCE THE ENTIRE PART IS STRONG AND THE CRACKS ARE SMOOTHED OUT, MOST MATERIALS
WORK GREAT WITH SPRAY PAINT.
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UALITY OPTIONS

QUALITY REFERS TO THE SURFACE QUALITY OF THE PRINT AND NOT NECESSARILY THE STRENGTH.
THE BEST WAY TO INCREASE THE QUALITY IS TO DECREASE THE LAYER HEIGHTS AND USE A SMALL
NQZIZLE, BUT THERE ARE A COUPLE OF OTHER SETTINGS THAT CAN BE TWEAKED WHEN SLICING.

LAYER HEIGHTS

SINcE FDM PRINTERS WORK LAYER BY LAYER, THE SMALLER THESE LAYERS ARE, THE MORE
DETAILED THE PRINT AND SMALLER THE TOLERENCES. MOST STANDARD PRINTERS CAN

COMFORTABLY PRINT 200 MicRON
LAYER HEIGHTS, OTHERS CAN GET DOWN
To aBouT 50. THE SMALLER THE
LAYERS, THE LONGER THE PRINT Is. A
100 MICRON LAYER HEIGHT PRINT TAKES
JUST ABOUT TWICE AS LONG AS ONE
witH 200 MICRONS.

LAYER HEIGHTS ARE ALSO LIMITED BY THE NOZZLE SIZE. A PRINTER WITH A .4MM NOZZLE CANNOT
PRINT 400 MICRON LAYER HEIGHTS. A GOOD RATIO IS TO NOT HAVE LAYER HEIGHTS ABOVE 3/4

THE DIAMETER OF THE NOZZLE.
NozzLE SizE

As MENTIONED ABOVE, THE NOZZLE SIZE CAN EFFECT THE QUALITY OF THE PRINT AS WELL. THE
SMALLER THE NOZZLE, THE MORE DETAILED A PRINT CAN BE IN THE XY DIRECTION. IF THERE Is
A WALL ON THE PRINT THAT IS ONLY .5MM THICK, IT WILL BE IMPOSSIBLE TO PRINT ON A .6MM
NOZZLE, WHILE A .25MM NOZZLE WILL HAVE TWO COMPLETE SHELLS. IF THERE ARE EVER ANY
HOLES ON YOUR PRINT OR TEXT IS NOT COMING OUT GREAT, IT MAY BE WORTHWHILE TO CHECK
IF A SMALLER NOZZLE WILL GET THE JOB DONE.

SETTINGS

THERE ARE SETTINGS WITHIN YOUR SLICER THAT WILL ALSO HELP WITH THE QUALITY OF THE
PRINT. PLA AND OTHER MATERIALS SHOULD HAVE AN ACTIVE COOLING FAN FOR THE SURFACE
TO BE SMOOTH. LOWERING THE INFILL OVERLAY PERCENTAGE WILL PREVENT VEINY SURFACES.
IT IS ALSO GOOD TO RUN THE PRINTER SLOW WITH A SLOW ACCELERATION SPEED, ESPECIALLY
ON THE OUTER SHELL. BUT REMEMBER, AS MENTIONED IN THE NozzLe CLOGS CHAPTER,
SLOWING THE EXTRUDER DOWN COULD REQUIRE SOME TEMPERATURE CHANGES IN ORDER TO
PREVENT A CLOG.

AND AS MENTIONED IN THE PREVIOUS CHAPTER, POST=PROCESSING IS ALSO ANOTHER GREAT
WAY TO IMPROVE THE QUALITY OF YOUR PRINT.
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ETRACTION

THE EXTRUDER RETRACTS FILAMENT IN ORDER TO PREVENT EXCESS OOZE WHEN MOVING
BETWEEN SECTIONS OF THE PRINT. ISSUES CAN ARISE ON CERTAIN FILAMENTS SINCE THIS CAN
INCREASE GRINDING. WHEN RETRACTION IS TURNED OFF, PRINTS CAN GET A VERY HAIRY LOOK
AND WILL LEAVE COBWEB LIKE STRANDS CONNECTING SECTIONS.

SETTINGS

THE SETTINGS INVOLVED WITH RETRACTION ARE THE SPEED AT WHICH THE MATERIAL TRAVELS,
MINIMUM DISTANCED TRAVELED BEFORE RETRACTING, MINIMUM AMOUNT OF MATERIAL
EXTRUDED BEFORE RETRACTING, AND Z HOP WHEN RETRACTING. Z HOP REFERS TO THE
AMOUNT THE EXTRUDER RAISES WHEN RETRACTING. THIS IS SET TO A MINIMAL AMOUNT SO
THAT SMALL PRINTS ARE NOT KNOCKED OFF.

EACH MATERIAL WILL REQUIRE DIFFERENT TWEAKS TO THESE SETTINGS. MATERIALS THAT ARE
MOQRE PRONE TQ GRINDING AND SNAPPING WILL REQUIRE SLOWER RETRACTION WITH MORE
CAUTION APPLIED IN EACH OF THE OTHER AREAS.

PROBLEMS

TOO LITTLE RETRACTION LEAVES HAIRY, COB
WEB LOOKING PRINTS WITH A LOT OF
CLEANUP AND AN UGLY SURFACE QUALITY.
THIS CAN ALSO LEAD TO VERY THIN WALLS IF
THE PRINTER DOQES NOT EXTRUDE ENQUGH
AFTER RETRACTION. FINALLY, AN EXTRUDER
MAY OOZE TOO MUCH WHEN HAVING TOO
LITTLE RETRACTION, LEAVING UGLY BULGES.
ToO MUCH RETRACTION CAN CAUSE THE
SURFACE QUALITY OF A PRINT TO DECREASE
BECAUSE THE EXTRUDER MAY  OVER
COMPENSATE WHEN STARTING THE PRINT
AGAIN, LEAVING A SMALL BULDGE WHERE IT
RETURNS. THE PRINTER WILL THEN HAVE
DIFFICULTY MOVING OVER THAT SECTION ON
THE NEXT LAYER. TOO MUCH RETRACTION CAN ALSO LEAD TO GRINDED FILAMENT, AS
MENTIONED ABOVE.

FOLLOWING PRINTING GUIDES FOR SPECIFIC FILAMENTS, SUCH AS THOSE WE PROVIDE ON OUR
WEBSITE, ALONG WITH TRIAL AND ERROR WITH YOUR SPECIFIC PRINTER EXTRUDER SETUP, WILL
HELP YOU TO GET THESE SETTINGS RIGHT.

MSD3D
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UPPORT

SUPPORT REFERS TO THE SCAFFOLDING MATERIAL THAT BREAKS OFF OF A PRINT REQUIRED FOR
EXTREME ANGLES. SINCE PRINTS BUILD LAYER BY LAYER, THE FILAMENT NEEDS SOMETHING TO
BE LAID UPON WITHOUT THE MATERIAL DROOPING. EACH MATERIAL REQUIRES ITS OWN
SUPPORT SETTINGS AND HAVE THEIR OWN ANGLES THAT CAN BE PRINTED WITHOUT SUPPORT.

SETTINGS

As MENTIONED IN THE ORIENTATION OF PRINT SECTION, SUPPORT MATERIAL IS NEEDED FOR
EXTREME OVERHANGS. THE ANGLE AT WHICH THE PRINTER WILL GENERATE SUPPORT MATERIAL
IS CHOSEN WITHIN THE SLICING PROGRAM. THE AMOUNT OF MATERIAL (FILL) GENERATED IN THE
SUPPORT CAN ALSO BE CHOSEN. WHEN USING DISSOLVABLE SUPPORT AND DUAL EXTRUDERS,
YOU ARE ABLE TO TAKE THE ANGLE DOWN TO 0° AND FILL UP TO 100%, CAUSING THE PRINTER
TO CREATE A SOLID BLOCK OF SUPPORT MATERIAL. THE HIGHER THE PERCENTAGE AND LOWER
THE ANGLE, THE LONGER THE PRINT AND MORE MATERIAL THAT IS REQUIRED. THIS IS WHY IT IS
BENEFICIAL TO DESIGN PARTS THAT REQUIRE THE LEAST AMOUNT OF SUPPORT.

THE DISTANCE FROM THE PRINT IN THE XY AND Z DIRECTIONS REFER TO THE AMOUNT OF
SPACE BETWEEN THE PRINT AND THE SUPPORT MATERIAL. THE CLOSER THE MATERIAL, THE
CLEANER THE UNDERSIDE OF THE OVERHANG, BUT THE MORE DIFFICULT THE SUPPORT IS TO
REMOVE.

WHEN PRINTING WITH A SINGLE EXTRUDER THESE SETTINGS WILL HAVE TO BE TWEAKED
DEPENDING ON THE MATERIAL USED. PLA CAN HANDLE ANGLES AS HIGH AS 55° OR 60° AND
ONLY REQUIRES A 15% SUPPORT FILL, PRINTING AT A DISTANCE OF .8MM IN THE XY
DIRECTIONS AND .16MM IN THE Z DIRECTION. ABS, ON THE OTHERHAND, REQUIRES A HIGHER
SUPPORT FILL OF 23% AND IS REQUIRED AT 45° AND ABOVE. THE DISTANCE FROM THE PRINT
SHOULD BE .7MM IN THE XY DIRECTION AND .13MM
IN THE Z. THESE SETTINGS WILL BE TWEAKED
DEPENDING ON YOUR PRINTER AND EXTRUDER.
SOME MATERIALS JUST CANNOT PRINT SUPPORT
AND HAVE A SUCCESSFUL CLEAN PRINT, MAKING THE
DESIGN OF THE MODEL THAT MUCH MORE
IMPORTANT.

ReMovAL

ONE FRUSTRATING PART ABOUT 3D PRINTING IS SUPPORT
REMOVAL. WITH SETTINGS DRASTICALLY CLOSER AND IN A HIGHER
SUPPORT FILL THAN THOSE DESCRIBED ABOVE, YOU WILL OFTEN
NEED TO RESORT TO SANDING MACHINES AND TIME CONSUMING
LABOR. REMOVAL sHOULD BE FAIRLY EASY oN PLA anp ABS
WITH A SET OF PLIERS, BUT EVEN WITH THE BEST SETTINGS THE
PRINT WILL BE CLEANER WITHOUT THE MARKINGS OF REMOVABLE
PARENT SUPPORT MATERIAL.
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EMPERATURE

GETTING THE TEMPERATURE RIGHT ON YOUR BUILD PLATE AND HOTEND IS CRUCIAL FOR ANY
PRINT TO BE SUCCESSFUL. EACH MATERIAL REQUIRES ITS OWN SETTINGS FOR BOTH. THE
DEVICES USED FOR TEMPERATURE READING ARE CALLED THERMISTORS AND THERMOCOUPLES.

SETTINGS

THE SETTINGS FOR BOTH THE EXTRUDER AND THE HOTEND CHANGE FOR EACH MATERIAL. PLA
Is PRINTED AT 180°-220° CELCIUS, AND WHILE THEY DO NOT REQUIRE A HEATED BED, IT IS
EXTREMELY RECOMMENDED TO HEAT YOURS TO AROUND 60° C (ITS GLASS TRANSITION
TEMPERATURE) TO PREVENT WARPING AND PRINTS BEING KNOCKED OFF. ABS, ON THE OTHER
HAND, HAS TO BE PRINTED FROM 220°-260°C AND REQUIRES A HEATED BUILD PLATE OF
AROUND 110C. LARGE ABS PRINTS ALSO REGUIRE AMBIENT TEMPERATURE BE AROUND 55°C
TO NOT WARP OR DELAMINATE.

UNIQUE MATERIALS HAVE UNIQUE SETTINGS. SOME NYLONS AND FLEXIBLE MATERIALS REQUIRE
A COAT OF A PVA/WATER sOLUTION BE LAID TO A 45°C BED FOR PROPER BED ADHESION.
TRIAL AND ERROR, AS WELL AS RESEARCH, ARE REQUIRED FOR A SUCCESSFUL PRINT IN EACH
MATERIAL.

THERMISTORS

THERMISTORS ARE THE MOST COMMONLY USED TEMPERATURE READING DEVICE IN 3D
PRINTING AND <COME STOCK WITH ALMOST EVERY HOTEND.
THERMOCOUPLES ARE ABLE TO BE MORE ACCURATE AT HIGHER
TEMPERATURES, BUT REQUIRE SPECIALTY ELECTRONICS THAT NOT MANY
BOARDS ACCEPT.

THERMISTORS ARE VERY THIN AND BRITTLE OBJECTS.

THIS IS WHY IT IS KEY TO BE PRECISE AND CAREFUL WITH

THE ASSEMBLY OF THE THERMISTOR TO THE HOTEND.

(

MAKE SURE TO HAVE THE CORDS TIED TIGHT WITHOUT /

ANY CHANCES OF BEING TUGGED ON BY ANY n
OBSTRUCTION MID PRINT. AS ALWAYS, BE SURE THAT

NO WIRES OR PARTS OF THE THERMISTOR ARE EXPOSED. a

SOME THERMISTOR-HOTEND SETUPS HAVE THE HEAD OF ;

THE THERMISTOR SMASHED INTO THE HOTEND VIA A

SCREW AND WASHER. BEING A MECHANICAL AND FRAIL PART, THIS WILL EVENTUALLY GIVE YOU
TROUBLES AND REQUIRE MAINTENANCE. You WILL SEE A "MIN TEMP” ERROR FOR THE
EXTRUDER WHEN A THERMISTOR IS NOT READING. WE PREFER TO USE THIRD PARTY
THERMISTORS ON OUR E3D HOTENDS THAT SCREW INTO THE HOTEND AND COME WITH
STRONG INSULATION. THESE HAVE A MUCH LONGER LIFE, REQUIRE MUCH LESS LABOR TO
INSTALL, AND ALLOW YOU TO REMOVE THE HOTEND WITHOUT TWEAKING YOUR WIRE
CONFIGURATION OR REMOVING THE ENTIRE EXTRUDER.
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NDERSTANDING LIMITATIONS

3D PRINTING CAN OFTEN BE PRESENTED AS A PLUG AND PLAY SOLUTION TO CREATE LIMITLESS
PROTOTYPES AND MODELS. ALONG WITH MODEL ERRORS AND EXTREME OVERHANGS, THERE
ARE STILL OTHER LIMITATIONS THAT SHOULD BE UNDERSTOOD. WHILE THE TECHNOLOGY IS
REVOLUTIONARY, THERE ARE DISTINCT LIMITATIONS IN THE MARKET, SOME OF WHICH MAY
ALWAYS EXIST.

SPEED

EACH PRINTER AND EXTRUDER SET UP CAN HANDLE DIFFERENT ACCELERATIONS AND TOP
SPEEDS. IF A PRINTER DOES NOT HAVE A LARGE ENOUGH BUILD AREA TO MOVE, THE CARRIAGE
MAY NEVER REACH TOP SPEEDS DUE TO ACCELERATION AND DECELERATION TIMES.

THE SPEED AT WHICH A PRINTER CAN EXTRUDE MATERIAL IS NOT ONLY LIMITED BY THE PRINTER,
BUT BY THE MATERIAL ITSELF, CERTAIN MATERIALS REQUIRE A COOLING TIME BEFORE LAYING
THE NEXT LAYER. THIS JUST CANNOT BE SPED UP WITHOUT CHANGING THE PROPERTIES OF THE
MATERIAL USED.

BuiLb AREA

ONE DISTINCT LIMTATION ON ANY 3D PRINT IS THE
BUILD AREA. As OF Now, MosT FDM PRINTERS
YOU CAN BUY ARE LIMITED TO UNDER 1 CUBIC FOOT.
THIS MEANS THAT LARGE PRINTS ARE REQUIRED TO
BE ASSEMBLED AND WELDED POST PRINT, OR THEY
ARE JUST NOT PRINTABLE. AT THIS TIME ANY
CURRENT FDM PRINTER THAT CAN BUILD LARGER
THAN THIS WILL REQUIRE A LARGE SPACE AND A HIGH
PRICE TAG.

/

NozzLe DIAMETER

THE DIAMETER OF THE NOZZLE IS DIRECTLY CORRELATED TO THE TOLERANCE IN THE XY
DIRECTION. THE SMALLER THE NOZZLE, THE HIGHER THE QUALITY AND THE LOWER LAYER
HEIGHTS THAT ARE POSSIBLE THAT BEING SAID, SMALL NOZZLES ARE FAR MORE LIKELY TO
CLOG OR EXPERIENCE ISSUES. .6MM AND .BMM ARE TWO OF THE EASIEST NOZZLES TO WORK
WITH, HAVE STICK TO THE BED, AND COMPLETE A FAST SUCCESSFUL PRINT, BUT ANYTHING
WITH EXTREMELY THIN WALLS OR PRECISE DETAIL IN THE XY DIRECTION WILL BE TOUGH TO
COMPLETE. REMEMBER THAT EVERY WALL MUST BE AT LEAST THE THICKNESS OF THE DIAMETER
ON THE NOZZLE IN ORDER TO EVEN BE RECOGNIZED BY THE PRINTER.
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ENTILATION

'WHILE THERE HAS NOT BEEN EXTENSIVE STUDIES DONE AS OF YET, IT IS INTUITIVE THAT THE GAS
AND PARTICLES RELEASED BY THE HEATING OF PLASTICS FOR 3D PRINTING CANNOT BE
HEALTHY. THIS IS WHY IT IS BEST TO HAVE PROPER VENTILATION. YOU DO NOT WANT TO BE
PRINTING OVERNIGHT, EVERY NIGHT, WITH THE MACHINE ON YOUR NIGHTSTAND.

DATA

AT SD3D WE HAVE BEEN WORKING CLOSELY WITH A UNIVERSITY IN ORDER TO GET REAL DATA
ON THE HEALTH EFFECTS OF 3D PRINTING. WE HAPPEN TO PRINT AS MUCH AS POSSIBLE IN AN
ENCLOSED ENVIRONMENT WITH FILTERS ON THE OUTSIDE OF THE EXAUST FANS, WHICH
DRASTICALLY REDUCES ANY HARM THAT MAY COME. WHILE IT WILL TAKE MORE TIME TO GET
FINAL DATA, IT IS CLEAR THAT STANDING OVER A PRINT OF CARBON FiBER ABS WHILE IT
EXTRUDES IS NOT BENEFICIAL TO YOUR HEALTH.

A PAPER PUBLISHED IN THE JOURNAL ATMOSPHERIC ENVIRONMENT BY THE ILLINOIS INSTITUTE
OF TECHNOLOGY MEASURED THE AMOUNT OF HARMFUL ULTRAFINE PARTICLES (UFP) THAT
DESKTOP PRINTERS EMIT INTO THE AIR. MATERIALS BROUGHT BAcK A UFP of 20-200
BILLION PARTICLES PER MINUTE. THE STUDY SAYS THESE PARTICULATES WILL STAY IN YOUR
LUNGS, BUT THE LONGTERM EFFECTS ARE STILL NOT PERFECTLY UNDERSTOOD. OTHER THAN
THIS STUDY, MOST DATA IS TAKEN FROM STUDIES NOT DIRECTLY RELATED TO FDM PRINTING.

/ T
-

ENcLOSED PRINTER

'WE ORIGINALLY WANTED TO ENCLOSE OUR PRINTER . ,

TO KEEP THE AMBIENT AIR HOT IN ORDER TO

PREVENT WARPING AND DELAMINATION. This m
TRANSFORMED INTO A DEVICE THAT MODERATES THE
TEMPERATURE AND CAN BLOW AIR OUT ANYWHERE
THAT IS HOTTER THAN THE AVERAGE. THIS AR IS
THEN BLOWN OUT OF THE SPECIFIC LOCATION OF
THE PRINTER THROUGH A SMALL CARBON FILTER.
THIS NOT ONLY HELPS TO PRODUCE A CLEAN PRINT,
BUT CAN REDUCE ANY AMOUNT OF PARTICULATES
THAT EXIST IN THE AIR DURING THE PRINT.

SINCE THERE ARE EXTENSIVE PATENTS THAT CURRENTLY EXIST FOR ENCLOSED PRINTING DEVICES,
WE HAD TO GET CREATIVE TO MAKE SURE WE ARE NOT BREAKING ANY INTELLECTUAL PROPERTY
LAWS. A PATENT SUCH AS THIS IS NOT ONLY PREVENTING 3RD PARTIES FROM EXPANDING THE
INDUSTRY, BUT CAN ALSO CAUSE HEALTH PROBLEMS BY LIMITING THE AMOUNT OF PROPER
PRECAUTIONS A USER CAN TAKE.

VENTILATION SD3D




ARPING

'WHEN A PRINTS CORNERS AND SIDES CURVE UPWARDS, IT IS REFERED TO AS WARPING. IT Is
ONE OF THE MOST COMMON PROBLEMS WHEN PRINTING IN MATERIALS WITH A HIGH SHRINKAGE
RATE. AS POLYMERS COOL, THEY SHRINK, AND IF THE AMBIENT TEMPERATURE IS NOT
CONSISTANT, THE PRINT WILL SHRINK UNEVENLY. EVEN WHEN PARTS ARE STUCK TO THE BED
ENTIRELY, THERE WILL OFTEN BE DELAMINATION OF LAYERS AS A RESULT OF WARPING.

CAUSES

As MENTIONED ABOVE, WARPING IS CAUSED BY UNEVEN COOLING OF THE PRINT. THE LARGER
THE PART AND THE HIGHER THE INFILL, THE HIGHER THE CHANCE THAT THE PRINT WILL COOL
UNEVENLY AND EITHER DELAMINATE OR WARP, SINCE THE CENTER WILL BE HOTTER THAN THE
SURROUNDING AREAS. THE MERE FACT THAT THE BUILD PLATE IS HEATED TO A TEMPERATURE
HOTTER THAN THE AMBIENT AIR WILL ALWAYS MAKE WARPING A POSSIBLITY, EVEN IN ENCLOSED
ENVIRONMENTS. THIS IS WHY IT IS IMPORANT TO KNOW YOUR SURROUNDINGS: IF PRINTING IN
VERY COLD ENVIRONMENTS, WARPING WILL BE A MUCH HIGHER PROBABILITY.

& THE MATERIAL BEING USED IS ALSO A HUGE
FACTOR IN THE AMOUNT OF WARPING THAT
CAN OCCUR. PLA HAS A VERY SMALL
SHRINKAGE RATE, SO LONG AS THE
TEMPERATURE IS NOT EXTREMELY COLD
AROUND THE AREA, AND A HEATED BUILD PLATE
IS USED, THE PRINT SHOULD NOT WARP. ABS ACTUALLY HAS A VERY HIGH SHRINKAGE RATE,
AND HIGH GLASS TRANSITION TEMPERATURE, WHICH BOTH MEAN ABS IS VERY SUSCEPTIBLE TO
WARPING.
SOME SPECIALTY FILAMENTS ARE EVEN MORE LIKELY TO WARP, MAKING IT VERY CRUCIAL TO
UNDERSTAND THE MATERIAL BEING USED.

PREVENTION TIPS

WARPING MAY NOT BE ENTIRELY IDENTIFIED UNTIL HOURS AFTER THE PRINT HAS STARTED.
UNLIKE AN UNLEVEL BED, THIS MAY TAKE YOUR PRINTER OFFLINE FOR HALF OF A DAY AND WASTE
A LOT OF MATERIAL.

TAKING TIPS FROM THE BED ADHESION SECTION WILL GO A LONG WAY. IF YOU DO NOT HAVE
A ENCLOSURE FOR YOUR PRINTER, YOU WILL NEED TO UNDERSTAND YOUR ALTERNATIVES TO HIGH
PROBABILITY WARPING MATERIALS. THERE ARE MATERIALS WITH SIMILAR STRENGTH PROPERTIES
AS ABS sucH As PETG aAND PET+, THAT DO NOT HAVE SUCH A HIGH LIKLIHOOD OF WARPING.
THESE CAN OFTEN BE EASIER TO PRINT, THOUGH THEY HAVE A LOWER GLASS TRANSITION
TEMPERATURES AND DIFFERENT ELONGATION PROPERTIES. PREPARING YOUR BUILD PLATE AND
PLANNING AHEAD WITH THE RIGHT MATERIALS CAN GO A LONG WAY IN SAVING HOURS OF WASTED
PRINTER TIME AND FRUSTRATION,

WARPING SD3D




AXIS SHIFTS

XY AXis SHIFTS, MORE COMMONLY REFERRED TO AS LAYER SHIFTS, ARE WHEN AN EXTRUDER OR
BED SHIFTS DURING A PRINT AND CONTINUES IN A DIFFERENT AREA OF THE BUILD PLATE. PARTS
MAY LOOK PERFECTLY FINE OTHER THAN EVERYTHING BEING SHIFTED ON ONE PARTICULAR
LAYER.

CAUSES

THERE ARE QUITE A FEW CAUSES FOR LAYER SHIFTS IN THE X
ORY AXis. ONE EASY TO DIAGNOSE CAUSE IS WHEN
THE EXTRUDER IS PREVENTED FROM MOVING BY AN
OBSTRUCTION. THE MOST COMMON WAY
THIS OCCURS IS WHEN THERE IS A TANGLE
IN THE FILAMENT OR IT IS NOT FEEDING
CORRECTLY. WE HAVE EXPERIENCED
BRAND NEW FILAMENT SPOOLS
THAT ARE TANGLED STRAIGHT
FROM THE FACTORY, WHICH
CAUSE A LAYER SHIFT HOURS INTO A PRINT. IT IS IMPORTANT TO STORE YOUR FILAMENT
PROPERLY AND KEEP THE SPOOL TIGHT WITH EITHER TAPE OR PUTTING THE END THROUGH A HOLE
ON THE SIDE TO PREVENT THIS.

OTHER PROBLEMS CAN ARISE FROM UNLUBRICATED RODS AND STEPPER MOTOR MALFUNCTIONS.
IF THE BED OR CARRIAGE HAS A STEPPER MOTOR THAT IS STIFF OR IS HAS A PULLEY THAT IS
HARNESSED LOOSELY, SKIPPED STEPS WILL OCCUR. SKIPPED STEPS IN THE MOTOR WILL ALMOST
ALWAYS CAUSE A LAYER SHIFT. WHEN A PRINT HAS MULTIPLE LAYER SHIFTS BUT CONTINUES THE
ENTIRE PRINT, IT IS LIKELY NOT DUE TO A FILAMENT TANGLE, BUT RATHER STEPPER MALFUNCTION
OR ROUGHNESS ON THE RODS.

PREVENTION

As MENTIONED IN THE JOGGING AND HOMING SECTION, LUBRICATING THE RODS IS EXTREMELY
HELPFUL IN PREVENTING LAYER SHIFTS. THE LIKELY BEST PREVENTION METHOD THAT CAN BE
IMPLEMENTED IS HAVING PROPER STORAGE OF YOUR FILAMENT. ONCE YOU ARE DONE USING A
SPOOL, YOU SHOULD ALWAYS KEEP EVERYTHING AS TIGHT AS POSSIBLE AND MAKE SURE IT
CANNOT UNRAVEL OR BECOME TANGLED.

As MENTIONED IN THE FILAMENT OPTIONS SECTION, 1.75MM FILAMENT IS MORE FLEXIBLE
WHILE ON THE SPOOL, MAKING FEEDING MUCH EASIER. WHILE WE PREFER 3.00MM FILAMENT
FOR ITS BETTER TOLERANCES IN DIAMETER, WE HAVE EXPERIENCED LAYER SHIFTS WHEN A SPOOL
IS NEAR THE END AND IT JUST DOESN'T FEED PROPERLY.

SINCE STEPPER MOTORS ARE MECHANICAL PARTS, THEY WILL EVENTUALLY WEAR DOWN.
PERIODICALLY CHECK YOUR BELTS TO MAKE SURE THEY ARE TIGHT AND THAT THE STEPPER
PULLEYS ARE MOVING SMOOTHLY

XY AXIS SHIFTS SD3D




EARLY ADVANCEMENTS

ONE AMAZING FACT ABOUT 3D PRINTING, AS WITH ALL TECHNOLOGIES, IS THERE ARE GIANT
ADVANCEMENTS NEARLY EVERY YEAR. WE AT SD3D ARE DOING OUR BEST TO SPEED UP THESE
ADVANCEMENTS AND HAVE SOME TECHNOLOGICAL INNOVATIONS THAT ARE GOING TO CHANGE
THE ENTIRE MARKET.

DuaL GEARED EXTRUDER

THIS EXTRUDER IS A DROP=IN REPLACEMENT FOR ANY EXISTING
EXTRUDER ASSEMBLY MOUNTED TO THE STANDARDIZED GREG
WADE’'S ADAPTER PLATE. MOST IMPORTANTLY, THE DUAL GEAR
CONFIGURATION PROVIDES TWICE THE SURFACE AREA
DISTRIBUTION LEADING TO A DRASTIC REDUCTION IN FILAMENT
STRIPPING AND MATERIAL SLIPPAGE. THE INTEGRATED ENCODER
ON THE EXTRUDER DRIVE, ALONG WITH THE FILAMENT MONITOR, PROVIDES CLOSED LOOP
FEEDBACK FOR THE EXTRUSION AXIS THROUGHOUT THE PRINT. THIS ALSO ALLOWS PRINTER
MANUFACTURERS TO CONFIGURE THEIR BUILDS WITH SLAVE ASSIST DRIVES ON THE EXTRUSION
AXIS.

THE FILAMENT MONITOR PROVIDES A SOLUTION FILAMENT MONITOR

FOR FILAMENT JAMS, MATERIAL SHEARING AND
UNDER/OVER EXTRUSION. PRECISION OPTICAL DIAMETER MONITORING IS
PROVIDED WITH ENHANCED SIGNAL FILTERING ONBOARD. THIS ALLOWS
FOR CONTINUOUS FILAMENT DIAMETER MEASUREMENTS WITH A RESOLUTION
of 100 MicrRoNs. THESE MEASUREMENTS ARE USED TO AUTOMATE
EXTRUSION FLOW RATE CHANGES THROUGHOUT THE PRINT TO PROVIDE
EXTREMELY TIGHT PRINT TOLERANCES AND ENHANCED SURFACE QUALITY.
THE FILAMENT MONITOR ALSO SENSES THE PHYSICAL POSITION OF THE FILAMENT TO
PROVIDE CLOSED LOOP MOTION CONTROL FOR THE EXTRUSION AXIS WHEN USED WITH OUR
ENCODED STEPPER MOTORS. THIS MONITOR ALSO PROVIDES FEEDBACK FOR AUTOMATED
INVENTORY CONTROL SYSTEMS, INCLUDING OUR RFID MATERIAL TRACKING MODULE.

AuTO EJECTION SD3Ds  Heated  Buwo

PLATFORM 1S MODULAR AND CAN
BE CONFIGURED TO MOST STANDARDIZED CONFIGURATIONS. It
INCLUDES A PROPRIETARY GRADIENT FREE HEATED BUILD PLATE
WHICH ALSO CONTRIBUTES TO LOWER SURFACE LEVEL WARPING
FORCES. COMBINING THE PRECISION BED LEVELING AND ADVANCED
HBP sTACK MAKE IT POSSIBLE TO NON-=DESTRUCTIVELY
AUTO=EJECT PRINTED PARTS RELIABLY. PRINTERS CAN NOW BE
CONFIGURED TO RUN CONTINUOUSLY WITHOUT NEEDING TO BE
MONITORED OR SERVICED BY TECHNICIANS BETWEEN PRINTS.

N
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- HEIGHT

THE Z-HEIGHT IS EXACTLY WHAT IT SOUNDS LIKE: THE MOTION OF THE EXTRUDER OR BUILD
PLATE IN THE Z DIRECTION. GETTING THE Z~HEIGHT CORRECT ON A PRINT CAN ACTUALLY BE
MORE TIME CONSUMING THAN THOUGHT AND WILL ALMOST ALWAYS CAUSE MORE HICCUPS
THAN 1ssUES IN THE XY AXIs.

FINE TUNING JUST AS WITH LEVELING THE BUILD PLATE, THE Z-HEIGHT
NEEDS TO BE CORRECT IN ORDER FOR A PRINT TO START,
NOT WARP, NOT GET CLOGGED, AND TO OVERALL FINISH
PROPERLY.

'WHEN USING A PRINTER THAT DOES NOT HAVE PRECISE AUTO
BED LEVELING AND A WAY TO AUTOMATICALLY FIND THE
PROPER Z-HEIGHT, WHICH MOST DO NOT, YOU WILL NEED
TO TWEAK THE DISTANCE BETWEEN THE EXTRUDER AND THE
Z-ENDsTOP. THIS CAN BE DONE BY HOMING YOUR DEVICE
AND THEN TWEAKING WITH THE SCREW THAT CAN ADJUST THE
DISTANCE BETWEEN THE EXTRUDER AND THE ENDSTOP.

BuiLb PLATE EXPANSION

WHEN MATERIALS ARE HEATED THEY WILL EXPAND FROM
THEIR NORMAL SIZE. THIS CAN BE SEEN IN BOTH HEAT CREEP
IN THE BARRELL COOLING SECTION AS WELL AS THE EFFECTS
OF SHRINKING WHEN COOLING IN THE WARPING SECTION.
THE SAME IS TRUE FOR THE GLASS BUILD PLATE YOU ARE
PRINTING ON.

WHEN HEATING A BED TO 110° CELSIUS YOU ARE BOUND TO MAKE THE GLASS EXPAND A BIT.
THIS EXPANSION WILL CAUSE THE BUILD PLATE TO BE SLIGHTLY CLOSER TO THE NOZZLE THAN
WHEN COLD. THIS IS WHY IT IS BEST TO DETERMINE THE Z—HEIGHT WHILE THE BED IS HEATED
TO THE TEMPERATURE YOU EXPECT TO PRINT AT. ONCE THIS EXPANSION IS RECOGNIZED, YOU
¢AN ADD G-CODE TO YOUR SLICER PROFILE FOR THAT PARTICULAR MATERIAL WITH A
Z-0FrFsET. THIS OFFSET WILL CAUSE THE EXTRUDER TO RISE, OR BED TO LOWER, BASED ON THE

AMOUNT OF EXPANSION.
QuaALITY AND NOZZLE SizE

As MENTIONED IN THE QUALITY OPTIONS SECTION, WHEN WE SAY QUALITY WE MEAN THE
HEIGHT OF EACH LAYER AS WELL AS THE NOZZLE SIZE. WHEN PRINTING IN FINE QUALITY OF
AROUND 100 MICRONS AND WITH A NOZZLE SMALLER THAN .4MM IN DIAMETER, GETING THE
PROPER Z-HEIGHT CAN BECOME QUITE A HEADACHE. THE SMALLER THE NOZZLE AND THE LOWER
THE LAYER HEIGHTS, THE MORE PRECISE THAT THE Z~HEIGHT HAS TO BE. PRINTING AT 400
MICRON LAYER HEIGHTS ON A .6MM NOZZLE IS FAR EASIER TO HONE THE Z=HEIGHT THAN FINE
QUALITY PRINTS. SO NOT ONLY DO HIGH QUALITY PRINTS REQUIRE MORE PRINT TIME, BUT
THEY REQUIRE MORE LABOR AS WELL.

Z-HEIGHT BSD3D




. SI3D

WE HERe AT SD3D PRINTING ARE A GROUP OF ASPIRING ENTREPRENEURS FROM VARIOUS
BACKGROUNDS INCLUDING ENGINEERING, DESIGN, BUSINESS AND ECONOMICS. WE STARTED
SD3D IN 2013 TO PROVIDE A ONE=STOP=SHOP FOR 3D PRINTING, SCANNING AND DESIGN
SERVICES. ADDITIVE MANUFACTURING HAS BEEN AROUND FOR DECADES, BUT THE TECHNOLOGY IS
ONLY JUST NOW BECOMING COST EFFECTIVE ENOUGH FOR INDIVIDUALS AND SMALL BUSINESSES TO
TAKE FULL ADVANTAGE OF THE OPPORTUNITIES THAT 3D PRINTING HAS TO OFFER. AT SD3D, we
HAVE DEVELOPED A UNIQUE PROCESS TO ALLOW US TO LEVERAGE THE FALLING PRICES OF
OPEN-SOURCE 3D PRINTING PLATFORMS TO PROVIDE ACCURATE AND AFFORDABLE RAPID
PROTOTYPING FOR THE MASSES.

ABOUT THE AUTHOR

SEAN ARANDA HAS BEEN DOING GRAPHIC DESIGN AND
MARKETING FOR 8 YEARS AND JOINED THE SD3D TEAM IN
EARLY 2015. HEe CAME ON WITH A VERY SMALL AMOUNT OF
EXPERIENCE IN 3D PRINTING AND NOW RUNS THE ENTIRE
SD3D PRINTER FARM. THIS BOOKLET WAS DESIGNED BY HIM
COMBINING ALL OF THE IMPORTANT LESSONS LEARNED
THROUGH TRAINING, TUTORIALS, AND HOURS OF TRIAL AND
ERROR.

Fino Out MORE

WE OFFER TUTORIALS AND NEWS UPDATES THROUGHOUT OUR ENTIRE SITE FOR EASY LEARNING.
ALONG WITH THE TECHNOLOGY MENTIONED IN THE YEARLY ADVANCEMENTS SECTION, SD3D Is
WORKING DILIGENTLY TO IMPROVE THE 3D PRINTING MARKET IN ALL ASPECTS. |F YOU HAVE ANY
QUESTIONS OR COMMENTS, BE SURE TO VISIT www.SD3D.cOM AND CONNECT WITH US ON ALL

SOCIAL MEDIA ACCOUNTS,

% v @ WWW.SD3D.COM
f gf' ﬁ e b £ b FB.COM/SD3DPRINTING
= e [y Q‘; 5 ‘
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