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Overview

The purpose of this guide is to provide a summary tifesdictions that can beakento improve part quality
when pmting with your Jet Fusie200/4210 printer. It includes a summarytbe main actions to perform
in thefine-tuning process.

Generaldnsiderations

1. The frststep togettingoptimal part quality is hamgthe site prepared according to the
requirements listed in the SiReeparationQuide

1 The gerating temperature of the equipmesttould bebetween 2630°C. Going further than
these limits could havadverse effect®n part quality.Also, ty to avoidargethermal
fluctuations evenvhenbeing within theelimits.

1 The pinter- @peratingrelative humidity should be between 300%.Ersurethat this range
is keptfor optimal system usage and performanDepeading onthe material a different
operatingrelative humidity might beeeded for processingx: PA12 requires from 500%
RH) Please checthe material data sheet to verithe specified environmental conditions.

1 Powerlinequality is important. If you suspect that the power installatgour site will
suffer from variability or alterations, we recommend installing a UPS system.

1 Be surghat theset-up- altitude isappropriateaccording toyourfacility -losation. Aad
selection couldlirectlyaffect the cooling system artde pressure parameters.

1 Extremdy highpackingdensity jobs, nomecommendegowdermix ratios, angoor
system naintenancecanlead to part quality issues.

2. The secondtepto ensue part quality is to strity follow the User@Quide- @eaning, maintenance
and calibration practices. For details on hoprtperlymaintainyourprinter, please check
chapter 12 Maintenance.

3. Thirdly, there are different calibrations that will hedgensure that the printerthermal control is
correct. Please check chapter-Idaintenance in theds e Quidefor more details on how to
calibrate the printefYou can:

1 Calibratehetemperature camerarhis calibration is used to compensate for small
misplacement of the top temperature camera sens@his calibratiois only needed for
new installations and afteepladgng thethermalcamera.

1 Perform afising lamp calibratiof his calibration is used to correct irradiance deviations
andobtainthe realstatusof thelamps. It is highly recommended to perform this
calibrationat between40%and60% relative humidity?leasedouble checkyour
printer RH readingwith an externehumidity sensomlote that this calibration isty
needed afteafusing lamp replacememtr anintensive cleaning
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4. Some problems might be causeddminthead issues. Make sut&t the printheadsare correctly
alignedand in goodhealth There are different actions to be taken to deteass ontamination and
recoverfrom nozzlesbeingout.

5. Even ithe printer is perfectly clean and calibratitanay be necessaty fine-tunethe energybeing
provided by the lamps. This is a process that can be done by the operator antiailowketo
modify the irradiance of the lamps depending on an assessment after printing some control parts.
Each prinhgprofile needs a specified fusing lamp irrad&an

The fising lamp irradiance value can be checked before printing in: Sgttifgjatenancey
Process Configuratioh Energy configuratioh Show fusing irradiance.

9 TheFast prining profileis recommendeébr redudng thetime to print ang/ourcostsbut it may
reduce elongation at brepkints, even thouglthe tensile strength will be the same.

6. Orient and position your patifferently, or applypart design changes improve part quality in
some specific areas. F o IGluo W déstpdrt q@lRypracticesQNb&e | i t y
that some of these recommendations will be usédukolving problems that we are still
investigating and working on. Check for updtid¢ke guide to have the moap-to-date set of
recommendations.

Printhead Diagnostic Plot;
Filterstatus and Thermal
Cameraheck 6nly if

Fusing Lampalibration Fusing Lamp irradiance
(only if needel adjustment

Fine Tunindgprocess

ThePrinthead Diagnostic Plot

Asa generalecommendationit is helpfulto print at leasbne Diagnostic Plaib verifyif your printhead
alignment is correct icaseyouface any part qualitgsues or deviatios in dimensionalauracy. You can
follow the instructionén theUser Guideo print the plot

Replace

NOTEIf yourPrinthead Diagnostic Plshowsgood values, skifhe Printhead Alignment.
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APrintheadAlignmentis mandatory in these situations:
1 After replacing or reseatingoainthead
9 After a pinthead crash
1 When there are primjuality problems that codlbe caused bgrintheadmisalignment
1 Aftersomefirmware updates
It is a 2step process which consistk o
9 The Printhead Alignment Plot
1 A diagnostiplot

ThePrintheadAlignmentfunctioncan beaccessed from th&ont panel of your printefThe resultinglot
must be analyzedhenumbers shown for each letter must inputinto the front panelas requested.

Once these numbers are introduced, a new sheet of paper minsigpted in the printeio carry out a new
diagnostic platThissecondplot shows thestatus of your printheadafter making a Printheallignment It
must be analyzednd misaligned letters must be identifi@d shown in the following picture

Aligned Not Aligned

A

A

The correction that must be done to the values obtafreed the Printhead Alignment are obtained from this
plot. These corrections must batered indirectlyonthe front panel (there is no negd perform another
PrintheadAlignmeny.

Printhead alignment

Alignment values

For sach letter 0n the printout. enter the nember where the [ine appears as one.

4321 Al eZeded
ACDEG

Hli’ | @
a2

BF

" Q

-© -0

4434241 A1 23 4 6 +

NOTEIn caseyou suspect that cross contamination is taking plageetailingAgent Cleanliness Chexn
be performed to discard printhead leakageslagentcontamination between the two agent channels.
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Filter Check

For optimal usage of tharinter, ambienttemperature conditionsust be maintaineddere are some
pointers pertainingo air workflow.

1 Filters need to be replaced with the prir@t This waycounters will considdilter life and
statuses. This waypart quality issues will bpreventedregarding cooling calibrations, pressures and
thermal behavior inside the printer.

1 Make sureghat thereareno obstructiors blockingthe printzone inletbehind theprinter).
1 Make surghere areno obstacles blogkgthe fansonthetop of theprinter.

1 No BuildJnits should belose tothe printer air inlets while coolingdowafh t he printer - s
back/sides)

1 Aggressivly cold airflowsstreameddirectlyonto the printer ancreate changem itsthermal
behavior.

1 Be sure thayourset-up- altitudeis appropriatewith regarddoy o u r  flaationIThe vajue fer
altitudeisrelated o0 t h e p r icooting systesn andmpressurerparameters.

Fusing Lamp Calibration

—f n
S I

Interpretation of this process
The nstalled fusing lampstrength compaedwith a nominal one
When it is required?
1 After any fusing lamp replacement
1 When notifiediia the Fronpanel approximatelyafter 30 full jobs)

1 Incaset is needed after a firmwargograde. In this casevill be indicated ithe Firmware Rlease
Notesfor the specificifmware version.

It is highly recommeradito use of fresh or nofcolored powder to perform this calibration
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L \\ ——
'100% Fresh
Powder (White)

Unknown number of iteration:
x Using also powder from too-0»

areas and also powder attacl
parts’walls

Printerand powdemust be cold before running a fusingifacalibration. In case a johas justbeen finished
at least one hour of coolingll be neededvith top cover openednd 2hours with the top covevith closed

Fusing module glasses need to be in good status and totally clean (internal and external glasses). No signal
of powde spots or burmarks on glass before performing this calibration.

Thermalcamera sensor needs to be in good conditions for this procedure.

The pinter includes a temperature sensor that will ndtiy userabout high temperaturbefore performing
this calibration.

Sdtings A Maintenancé, Calibrate fusing lamps

Settings

System Maintenance

Development ONLY menu >
Job management

Perform maintenance checks A
Connectivity

Clean print carriage >
Security

Clean recoating unit >
Maintenance
Part quality Calibrate fusing lamps _
troubleshooting

Calibrate thermal camera (factory) A
System tools
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You will be asked for humidiijumidity operation range 3090%) The printer has a sensor to read
humidity, but in case you suspect it is aoturateor you have a better measuremeabl, you can modify
the value hat appears in the front panel.

Accept RH sensor readjrexcept in thedllowing cases:

1 If facilities are provided withcalibrated humidity sensefuse the reading of the calibrated sensor
(this will override sonSeveral seasors in djfferent locatibnswilp r i nt er
provide a more accurate reading from printer room (An average can be set up as real value).

1 If the printer sensor reading is 10% or 99k4s possible the sensor is faulty.
0 The sensor readings are cap@dd.0% and 90%.

o [f the relative humidityeally is >90% or <10%, printing and calibrating procedures are being
performed out of the specified environmertahditions

1 If operator set up humidity ®0%, the correction is exactly 0.0. This can be usexht®kthe
correction completelfHowever, correction is applied to help during fusing lamp calibration giving a
more accurate status value (Fusing Lamp Scale Factors).

Calibration Status:
The result of the calibration can be V (valid), W (warning)lid{iow& (error).
1 VzxThe test has been done without issues.
T  W-You can print, but in case you use Fast Print Profile, there is a risk of insufficient power.

1 |- There is not enough energy to print in Balanced Print Profile properly, therefore printing is not
allowed.

1 EzIt means some part of the calibration process could not be executed, and no result was obtained.

o Ifit fails during the layering process, thés a problem with the layering system. Retry or try
with anotherbuild unitto confirm.

o Ifitfails in the processing of data (systentommand), this is usually a problem processing
internal information, and will usually disappear after rebooting.

Theoutcome of the calibraticimcludes2 scale factas, leftand right lampn addition.
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PRINTER CALIBRATIONS STATUS

e ;
Status: VALID
LEFT:0.918
RIGHT:
TEMPERATURE CAMERA ;
Status: ERROR
Execute "Calibrate Temperature Camera (Printing)” again

Status: VALID
Tmelt: 204.64 (Prob 129.82)

Press any key to exit

The previous image is an informational examytei can seBusing Lamps Scale Factors
Maintenance/Show Calibrations.

Scale Factor values should [29< Scale Faur<1.1

Be sure RH is inside of RH Operating Range while performing fusing lamp calibration (30% td-rgl8ty RH).
recommended the usage of a calibrated external RH sensor.

NOTESomeprint profiles and materials might negplecified values for operatitg optimal conditions.

In case you need HP Support, download files:f8attings/M@intenance/Download Calibrations Support.

Fusingrradiance Tuning

This process is requir@dthe following situations

1 Incase there is a considerable change in job characteristics for next printings. These changes can be
referenced trinted area distribution péayer/packing density.

9 Incase there is a problesith part quality (look and feel or dimensional defect)

1 Incase itis needed after a Firmware Upgrade. In this case it needs to be indicated in Firmware
Release Notes from the specific Firmware version.

This pr@ess can be done choosing on¢heffollowingtwo options:

1 Tuning with customer partescommended preedure)Operatomwill adjust energy by printing their
own parts.Considethat packing density (volume in bucket) and layer density for each job might
need a specified fusing lampaidiance. fis needs to be consideréat high or low packing densities

1 Tuning with a HRprovided routinen(ot available for all print profilgg\ninternal build € 7-level
job) aghe tuning routine
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Material andPrinting Profile Characteristics Matrix

Balanced 1 2-passMode A. Customelparts
1 Balanced imimensionahccuracylook B. Internalbuilds(7 level job$
andfeelandmechanicaproperties
1 80/20%mixratio
Fast 1 1-pass mode A. Customemparts
1 Less agent consumption B. Internalbuilds(7 level job3
1 Less time per layer
80/20%mixratio (See note below.)
Cosmetic 1 2-passmode A. Customerparts
1 Reducedsinks
1 80/20%mixratio
Mechanical 1 Higher mechanical properties (E@B ar A. Customelparts
impactresistancé
1 80/20%mixratio
Balanced 1 2-passmode A. Customelparts
1 Betterheat deflection temperature B. Internalbuilds(7 level jobk)
1 Highertensile modulus Wl be available inoming
T 30/70%mix ratio releases.
Balanced 1 2-passmode No needor tuning. In case of
1 Balanced part quality characteristics ~ thermal defecs, increase or
1 30/70%mix ratio decrease fusing lamp irradiance by
2% steps.
Mechanical 1 2-passmode No needor tuning. In casef
1 Good mechanical properties thermal defecs, increase or
1 30/70%mixratio decrease fusing lamp irradiance by
2% steps.
Dimensional 1 1-pass Mnode No need of tuning. In case of any
1 Better dimensional accuracy thermal defect increase or decreas
1 Lesswarpage/baving fusing lamprradiance by 2% steps
1 30/70%mix ratio

This prining profile requiregusing
lampscale factor values higher tha
0.91

NOTEFor specific material propertiesnsultthe material data sheet Better prining profile specifications
canbe foundithe® Par t Qu @rickst yd oCTiupne n& .

NOTETheFast prining profile requires a different tuning routine procedure (In A. and B. cases). Check
®Tuning with &®Isutnd megr -wd tpghartthse HP routine
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AQuickApplicationReferenceQuidex Prining Profile/ Material

PATZ2 PAT1
- Structural parts * Pneumnatic systems - Insole (elongation) (elongation)

w| (strength) (cost) | -Heels (impact) - Grippers (impact)

| - Pipes (strength) - Heels {(cost) 2| - Cosmetic parts (look- Parts with lattice

@ | - Prothesis (strength) - Thermoforming @ &feel) structures (easy

B| - Covers (strength)  molds (cost) B| - Prothesis (impact) powder cleaning)

- Clip/snap fits (cost) - Grippers (strength) - Clip/snap fits

e /

‘@[ Only to improve sinks compared to PA12 ) “Cosmetic parts roughness & \

% balance_ —| (accuracy &impact) accuracy)

Sl Marketing gadgets (look & feel) ) <| -Externalcovers  -Glasses (cost & L&F)
~Glasses (cost) \ g (accuracy & impact) - Marketing gadgets
-Molds for dental - Jigs & Fixtures: =1 Clips/snap fits (cost & L&F)
aligners (cost) - Locators (cost) = (accuracy & - Structural part

+2| - Cosmetic parts (C—OSSLtJ)bassembly nest 5| -elongation) (accuracy & impact)

L (cost) - Quality measuring -Sand casting - Pipe (less bubbles)
- Cover (cost) aids (cost) = atterns (low /
- Cable routing (cost) - Metrology aids (cost) or ~
. i - Dummy parts (cost c

o l\gi;(etmg gadgets V parts (cost) | Automotive interior/exterior parts (impact)

= ]

%( Only to improve elongation & impact % = g

5| compared to PA12 balance:

%\' e.g. covers or parts with clips/snap fits )

PA12 GB

N

- Pipes (highHDT) - Thermoforming
-Heels (look &feel) molds (high HDT)
- Cosmetic parts

(look & feel))

Balance

. J
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Tuningfor Specific Customer Parts

This process is valid fBA12 in Balanced, FastCosmeticandMechanicgbrintmode9 andPA12GB
(Balanced).

The customeshould choose jawith representative parts and packidgnsiies:
1 Iflargeand solid partsire usually printedthe job should includargeand solicharts.

91 Iflargeand hollow partare usually printedhe job should reflect thesespects instead.
Fusing Lamp Irradiangedications

The amount of energy absorbeddpartis directlyrelatedto the printedarea distribution per layger
firstmost,and then to the job packing densifyer that

0% fusinglampirradiances orientedtowardsjobs inside the rangaf 4% to8% packing densityvhereparts
arewell distributed alonthe X¥plane.The higher th@rinted area distribution per layehe higher the
irradiance needs to le compensate fothe amount of energy that is absorhen ordeto achieve the
required part qualityqokand feel, dimensional accuracy and mechanical propefTies)oppositgoesfor
lower printed area distributiayper layer

ExampleFor agb witha 12%packingdensitywherepartsarewell distributedlong theX¥plane andfor which we
want tofollow theindicationsn the@esign Guidelinesnd @ ips& Tricks documens, wewvould needd a+1.5%fusing
lamplrradiance valuadjustmento fulfill all our part quality requirementursystems need to be well mtined and
calibratedo proceed withhie proper adjustment. (This is not a real exampang-anp irradiance will depend on
printedarea distributioper layer, packing densipart desigrand faciliy characteristigs

000

- X v/

Parts need to be well distributatbng thexXY-plane. Althe energy that isbsorbed will depend on the
printed area distribution aloribe length of thepass of the carriag@vhich contains the fusing lamp
modules) As well awith the firs example, jobs fiere multiple parts arim asinglearea wherethe rest of
the bedis then leftwithout partsareconsidered as not well distributed.

A fusing lamp irradiandecreasamight improve mechanical properties.

NOTETheFast prining profile requires a different tuning routiprocedure

Balanced, Cosmietand Mechanical Piimg ProfileAdjustmens

This procedure can be usedsaeference for the fusing lamp irradiance adjustment procéduialanced,
Cosmetic and Mechanigpainting profiles

1. onsidering prior indications, adjysurfusing lamp irradiance according to the job.
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Go toSettings”A Maintenancé\ Process Configuratio Energy configuratiod Change fusing irradiance
A Select balanagprofile.

Settings
System Energy configuration
Show fusing irradiance 2
Job management Coo
Reset to defaults A
Connectivity
Change fusing irradiance A _
Security Cle:
Run fusing irradiance tuning internal build A
Maintenance Lea
. . . P
Part quality Ene Apply values of previous fusing tuning
troubleshooting
Prir
System tools

2. Printthe job

3. CooinfA check the ®Fast cotPlriarcd i fcersto thetkwhalndediinge s &
process needs to be uséd case partare showingvarpage, please uddatural ®olingand follow
the instructionsin saiddocumenj.

4. Tunethe printer checking the followingoints
a. Look and feel

i. If elephant skin is seen parts, increaseyourfusing irradiancey 2%.

ii. If thermal bleethgis seen: decreaseby 1%(if the themal bleedngis light) or by 2%
(if thethermal bleedhgis severeas showrbelow).

b. Check h e dimersionsl accuracy
©Copyright 208 HP Development Company, L.P. The information contained herein is subject to change without notice

The information contaéd herein is provided for information purposes only. The only terms and conditions governing the sale of HP 3D printer
solutions are those set forth in a written sales agreement. The only warranties for HP products and services are thet éoqpheis warranty
statements accompanying such products and services. Nothing herein should be construed as constituting an additioral aghtitzonal binding
terms and conditions. HP shall not be liable for technical or editorial errors or omissioineddr@eein and the information herein is subject to
change without notice.



HP Public

i. In general terms, if measurements &edownominal,yourfusing irradiance must
be increasedand if measurements agbovenominal,yourfusing irradiance must
be decreased.

ii. As arule of thumbfor medium parts (3@ 100 mm) our recommendations are the
following:

I.  If the average deviation48.5 mm or lowerinaease fusing irradiand®y 4%

II. If the average deviation is betweef).5 and-0.3 mm, inadease fusing
irradianceby 2.5%

lll. If the average @viation is betweenr0.3 and-0.1 mm:, increase fusing
irradianceby 1.5%

IV. If the average deviation is between 0.1 and @&, deaease fusing
irradianceby 1.5%

V. If the average deviation is between 0.3 and @& decease fusing
irradianceby 2.5%

iii. Forfiner adjustmend, increasdusing irradiancey 0.5%steps.

5. After analyzing the results, changeur fusingirradiance (return to the first po)nand repeat the
process until you obtasatisfactoryresults.

Fast Priring ProfileAdjustmens

This prining profile hasa smallemarginto which it can be tundtian the Balanced profil@here might be
no change in energbsorbtionafter a certain level is reachdrbgarding fusing lamjpradiancg, asthe
fusing lampswill alreadybe working at maximungapacity.

If any low energlevel symptoms appear on parts which are placedhie bordersincreasehe irradiance at
this point or placehollow parts in these areas.

As the margin is very low, it is recommentdeidliow aspeficiduningusing your atual parts, as it willake
less time

This procedure can be used as referdncéusing lamp irradiance adjustment procediarghe Balanced,
Cosmetic and Mechanigainting profiles

1. Considering prior indications, adjystirfusing lamp irradiancecaording to the job

Go toSettingsA Maintenancéy, Process Configuratiof Energy configuratio Change fusing
irradiancep Select balanced profile.

1 Ifthefusing lamp calibration result was valica +1%fusing lamp irradiance can be
selected for the ffst run.

1 In casahefusing lamp calibration reseltin awarningA Printwith theBalanced profile
as long ashe lamps statusesare not good enough to achietre energy levels thathe
Fast profile require®\ second fusing lamp calibration can be performed to verify fusing
lamp status.
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Settings

System Energy configuration
Show fusing irradiance A
Job management Coo
Reset to defaults A
Connectivity Rep
Change fusing irradiance 2 _
Security Cle
Run fusing irradiance tuning internal build A
Maintenance Lea
. . ) =
Part quality Ene Apply values of previous fusing tuning
troubleshooting e
Prir
| System tools

2. Print the job

3. CoolingA heckthe cooling guide (teknowif parts could warpo know when tause Natural
Gooling etc.)

4. Tune the printerchecking the following points

a. Look and feel defects

i. If thermal bleethgis seenplease decreasgour irradiance b§.5% (if the thermal
bleedngis light) oby 1% in case ahore severghermal bleedhg, as in the picture
below.

b. Check dimensional accuracy

i. In general terms, if measurements dedownominal,yourfusing irradiance must be
increasedand if measurements are above nomigalirfusing irradiance must be
decreased. Try to irease or decrease in increments of 0.8%orequired.

After analyzinghe results, changgourfusing irradiance (return to point Eyequiredrepeat the proces
until a satisfactory result is obtained.

PAl1l

ThePA11 material does nasually require anfusing lamp irradiance adjustmsn
In case of themal defecs on parts, follow thee steps

1 Increase fusing lamp irradianog 2%in case elephant skis seen a any pars. Iterateuntil good
results are achieved.
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1 In casdhe parts arehermaly bleedng, decreasgourfusing lamp irradiandey 2% util good
results are achieved. Try to chatigep ar t - s  priersatoeifmau rily faceéhermal bleedihg
ona single part.

If problems persist, please contgcturRegional HP Support.

Tuning witithe HPRoutine

This process is valid fBA12 in bothBalancedindFastprintmodes).

BalancedPrinting Profile Adjustments

Ajobis tobe printedwith 7 levelsusing different imdiances, abf the partsincludinga number

corresponding tohe level it has been printesh. The operatowill evaluate the result of these 7 levels and
choose the best option fhiispart- ®equirements.

1. Print the jobGo toSettingsA Maintenancé, Process Configuratioh Energy configuratiohA Run
fusing irradiance tuning internal bulidSelect materiad, Select balana printprofile.
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Settings

System Energy configuration

Show fusing irradiance A
Job management Coo

Reset to defaults A
Connectivity Rep

Change fusing irradiance A
Security Clez

Run fusing irradiance tuning internal build _
Maintenance Lea
Part quality Ene Apply values of previous fusing tuning A
troubleshooting

Pri

System tools I]

2. Cooling: Naturdlbolingis ourrecommended cooling procedure.

3. Clean the parts apppriately. No white powdemvhich i®asily removablanustbe lefton the surface of
the parts.

4. Part analysis:
Whena level is discarddd one stepthere is no neetb inspect the partat this level in the next steps

4.1. Lookonlyfor elephant skiron the fou frame corners andcrossthe solidpart. Discardhose leves
which presenonly this thermaldefect

v X

4.2. Look forthermalbleedngonthe gear ancearphone keepgparts. Discad those levelpresening
any sign ofhermal bleethg. For the egshone keepe focus orits inner edges.
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4.3. Perform a quickithensionabccuracycheckThe €rew, nut and the fitting part ghuld fit together.
Discardhe levelswith partsthat cannot be fitogether.

4.4. Perform a further ginengonal accuracgheck. This chedkonly related tothe wall thicknessof the
part.

For the levels that have not been discaraeeasure thepart that containg walls withcalipes.

Choose the level which presents an average deviation betwiEsmrm and 0O5mm @
dimensionahverage between.®5 and 155 mm). In case multiple levgbassthis checkyour
irradiance level can be selected according tou r pgcking dessitandits characteristicén your
next prints.

5. After analyzing the results, select ttiesiredevelonthe printer:

Go toSettinggy Maintenanceé, Process Configuratioh Energy configuratio Apply values of previous
fusing tuningd Select materiady Select balance profikg Select chosen level

Aspecific irradiance energgn be selected manually in case part requirements are between two levels.
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The fising lamp irradiance value can be checked before printiSgtimg®y Maintenancey Process
Configuratiory, Energy configuratioA Show fusing irradiance.

FastPrint Profile Adjustments

Thisprocesgequires a different levef criteria regarding locknd-feel and dimensional checks.

Ajob will be printeavith 7 levelsusing different imdiances, abf the partsincludinga number
corresponding tohe level it has been printeoh. The operators toevaluate the result of these 7 levels and
choose the best option fhiis or hepart requirements.

1. Print the jobGo toSettings”A Maintenancé, Process Configuratio) Energy configuratioA Run
fusing irradiance tuning internal bufldSelect materiah, Select fast prinprofile.

2. Cooling: BituralCooling is ourecommended cooling procedure.

3. Clean the parts appropriately. No white powddrich igasilyremoved must appear on the surface
of the parts.

4. Part analysis:

When a level is discarded in one step, there is no need to inspect thad thastkevel in the next
steps.
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