Centroid CNQA2 Screw MappingUsing
Gage BlocksVersion2.2

By R. G. Sparber

Protected by Creative Commohs.

What excited me about having Screw Mapping as a
Centroid CNC12 feature was the hope of improving the
accuray of my lead screw driveRF30Mill/Drill .

4 My goalwasto reduce lead screw ersdp the point
where they are insignificant compared to other sourtes o
error like machine rigidity.

" # The Screw Mapping software is designed to work with a
distancemeasuringdevice. | chose to use gaglecks as
a distancesettingdevice. The difference may seem minor but it turned out to have
a major impact on how I calculate Correction factors.

My intended audience are people with a general knowledge of Computer
Numerical Control (CNCyho own or are interested in Centroid's CNC12 with
Acorre.

Many factors contribute to dimensional error on a machined part. Errors in
position on each axis is just one source. Furthermore, screw mapping can only
cancel error that is constantMany of thenumbers presented here are almost too
good to be true. Keep in mind that this just means other esribrendominate.

After a little taste of my succedswill present machine set up and data collection.
Thenl will get into the theory that supports tegzrocedures. Data from my mill
will be presented last.

1 This work is licensed under the Creative Commons Attribution 4.0 International Licensewla copy of this
license, visit http://creativecommons.org/licenses/by/4.0/ or send a letter to Creative Commons, PO Box 1866,
Mountain View, CA 94042, USA.

2 Seehttp://www.centroidcnc.com/centroid_diy/acorn_cnc_controller.html
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Sample Result
Here is a sample of what Screw Mappad for me
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Valid data is at eacbquarel have drawn lines between data pointbétier see
how these points relat€éhe horizontal axis is in inches of movement along the X
axis. The vertical axis is error inches The blue line represents my
uncompensated axis feed errarThe aveage slop&(black line)is due to error in
setting theevolutionsper inch.The red line is wittfScrew Mappingpplied.

Worst case error after Screw Mappisgnableds +0.001 inchesThere is also
error due to variation between correction poiftss adds £0.0005 inches to both
Uncompensated and Compensated plots.

Notice the spike at 30®0incheson the red lineThe error jumps up to 0.0011
inches while at all other positions it stays below 0.0007 inches in magnitude. This
will be discussed lat. It is not a bad data point but rather normal variaiibhin

my machine

3 The slope is 3 tenthsf error per inch of movement or 0.03% error.
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Definition of Terms
All reference to position isn machinecoordinatesWork Coordinate Systems are

defined relative to the machine and are not used here.
X Axis Compensation Table CNC]-ZIS SCfeW Mapplnbas
Moving From Home Moving Toward Home a Screen for eaCh aXlS The

Position  Measured Pos. Correction Measured Pos.  Correction Difference

0.00000000 0.00000000 0.00000000 0.00000000 fII’St Ilne Of the table Oeach
screen identifies which axis is being represeritiEate you seéhetop of theX
Axis Compensation Table.

Home In t_histop view ofmy X axi_sHome IS
| ~defined as whethe cutter is to the fdeft
| =X axis with respect to the table. Homeeans an X
0 value of exactly 0. Note that all X values are
positive.

Home 0 This is a top view of my Y axisVhen the cutter with

respect to the table is all the way forward, I'm Home and
Y equals ONote that all Y values amegative.

Y axis

Home 0 This is a side view of my Z axis. When the cutter with
respect to the table is all the way up, I'm Home and Y
equals ONote that all Z values are negative.

Z axis
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X Axis Compensation Table

The "POS't'On" COIumn |S the ‘ Moving From Home Moving Toward Home

. Position  Measured Pos. Correction Measured Pos. Correction Difference
aCtual d|Stance from Home and 0.00000000 0.00000000 0.00000000 0.00000000
includes a sign. Fany X axis, all Positionarepositive. For my Y and Z axes, all

positionsarenegative.

Under "Moving From Home" we hav#&leasured Pos.(Measured Position).o
the right ofMeasured Pos. is "Correction”.

Next we have "Moving Tward Home" and the samwd sulhheadings below it.
The last column is called "Difference". It is the absolute value of the difference
between the two Corrections and represents the apparent badkissis.the

measured backlash after "Lash" has been popul@kedTheory sectio will go
into this in more detail.
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Adapting To Using Gage Blocks

The software is designed to work with a measuring system. In order to use gage
blocks and a fingelDial Test Indicator@TI) which set positiona slightly

different approach is needed. This essentially comes down to calculating
Correction factors outside of the program and then directly inputting them. If we
were usinga measuremergystem, we could input Measured Positions directly.

X Axis Compensation Table
Moving From Home Moving Toward Home
Position  Measured Pos. Correction Measured Pos. Correction Difference
0.00000000 0.00000000 0.00000000 0.00000000

0.50000000 0.00000000 0.51070000 -0.01070000
0.99940000 0.00060000 1.0101000C -0.01010000
1.49940000 0.00060000 1.5101000C -0.01010000

In looking at thistable, youmaynotice that
Correction = Position Measured Pason
For example,
0.0006 = 1.50001.4994

The adaption consists ohangng the sign of Correction:

-Correction = Position Measured Position

or

Correction =Positon + Measured Position
This changecreates a problem because tiewequation no longer matches what is
shown in the table for Measured Position. Therefore, | will define new terose

in place ofMeasured Pos

DROs is the DRO reading while moving in a positive direction on a given axis.
DROz is the DRO reading while moving in a negative direction on a given axis.
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When all Position values are positiuse
Moving From Home Correction BROs - Position (1)
Moving Toward Home Correction BROz - Position (2
When all Position values are negafivese
Moving From Home Correction #osition +DRO; (3
Moving Toward Home Correction #osition +DROs  (4)

When these Correctiovalues are put into the tablbetresulting Measured
Postion valueswill not equal our DRO values.

41 chose to put-Position" first in equations (3) and (4) because it was easier to do the math in my head. For
example, When Position id4.5 and DROQis -4.5010, | think "4.5 4.5010".
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Procedure Overview

Position

X Axis Compensation Table
Moving From Home

Measured Pos.

0.00000000
0.50000000
0.99940000
1.49940000
1.99890000
2.49990000
2.99940000
3.49910000
3.99870000

Correction
0.00000000
0.00000000
0.00060000
0.00060000
0.00110000
0.00010000
0.00060000
0.00090000
0.00130000

Moving Toward Home

Measured Pos.

0.00000000
0.51070000
1.01010000
1.51010000
2.00970000
2.51090000
3.01040000
3.51000000
4.00970000

Correction

0.00000000
-0.01070000
-0.01010000
-0.01010000
-0.00970000
-0.01090000
-0.01040000
-0.01000000
-0.00970000

Difference

On each linear axis we will move to predefirigasitions andrecordthe DRO5 or
DROz valuesseparatérom theAxis Compensatioffable When done, equations
(1), (2), (3), or (4) will be usetdb calculate th€orrection values. These values
arethenput into the table.
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Machlne Setup For The X Axis

First Home the machine. Then put a finger DTI in the
chuck. | used Mitutoyo DTI that read from -15 to +15
thouwith aresolution of letter than a tenth. Turn the bezel
sothe needle points tabout-5. Be sure the finger moves
back and forth parallel to the X axis ahat the spindle
does not rotate.

Securea clean and smooth piece of aluminangle stock
so it is parallel to the X axis. | used my vighich hal
previously been trued

Loosely clamp a block to the right sidéth a sheet of pap&under it Then stack
up gage blocks to exceed the total muoeat of the table.

Slide thestack ofblocks into the finger of
the DTI until it read® +%%. Tighten the
clamp

To insure repeatability of the stack, |
attached a spring toldock of scrap
aluminumi. A piece of scragteelabout %
inch wide 1 inch bng,and 0.1thick sits
between the spring block and the reference
| surface. This insures a constant féroe the
stack of gage blocks slide the springblock

| over until it almost touchetthe %2 inch wide
spacer. Then | clamp the block.

Take care not telam into the stack of gage blocks this can move the clamped
block.

Turn the bezel until the DTI readsJhg forward a few thou and back toReset
0 if necessary. | see less that thou of shift.

5The angle | used has no internal fillet. This made aligning the gage blocks easier.

6 This reduces the change of the block sliding. Any such movement directly adds to error in the data.
7 After having two springs shoot into the distance, | bolted thetwotif the spring to the block.

8 Variation in force on the stack of gage blocks causes error.
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Machine Setup For The Y Axis

This is almostdentical to the X axis. The aluminum angle runs parallel to the Y
axis and since | have chosen to set Home with the cutter all the way forward, all
Position values are negative.

Machine Setup For The Z Axis
The gage blocks are stacked up on a 123 bldukhnsits on the table. Fine
adjustment of the DTI is done by sliding it up and down in the chuck which is then

tightened. Since there is no spring to insure good contact between blocks, be sure
to wring the blocks together.

| have chosen to set Home witke cutter all the way dgso all Position values are
negative.

9 Notice that if | raise or lower the head, my distance from Home is unaffected. Had | referenced to the table, a new
Screw Mapping table would have to be gerextatfter each head move. Of course, | can set a Work Coordinate
System with respect to the table.
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General Advice

"Home" The entire calibration process should be
done in a single session to insure that all
collected data is with respect to the
same exact physical position called Home. Ifi g@t Home repeatedly and
measured the exact position, you would see a range of values due to
variation in the Home sensor.

meeeess—— > Jistance from reference

By definition, my "distance from reference" is 0 once | Home the machine
and prepare to take Screw Mapping data. Then all datéhisespect to
"Home". Do not reHome the machine while taking this data or you will
introduce unnecessary error.

"Home" 5 10
|
17 1T 1 1T 1

N
+ ‘8
o? o

111 distance from home

L
L
n n+1

When the Screw Mapping data is later used, the location called Home will
differ from the Home used to collect the data byrdpeatability of the
Home sensor. A Home sensor error of £0.005 inches is hatfrdasdsng as

the maximum change in adjacent correction values is less than £0.005
inches.

"Home"

111 distance from home

Home error

( ‘ ‘ - Screw Mapping Correction data
0 / n / n+1

10 Seehttp://rick.sparber.org/SMHE.pdf
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Setting Backlash At O

AL e By setting a good estimate of

Moving From Home Moving Toward Home

Backlash aHome we increas our

: ‘ - ‘ useful range of compensation. This is
because thsoftware requires that thdomeentry in the Screw Mapping table be
0. That means backlash at Home is zero which is probably not true.

"H°””'el"°5 0 distance from home  SiNCEEACH Of MyX, Y, and Z
S % Homepositionsis setat 0
which is the extreme of the
range | cannot move to a valumn the other side of Hom#leasuring Backlash

requires this movement.

I know from past experience that rbyacklasthon all axess less than 0.0&ches.
Therefore, | can move 00 from Homeand measure my backlash at this point.
Thebacklash value will ba good estimate of backlash at Horfiee numbewvill
gointo the "Lash" box for each axis. Screw Mapping automatically includes this
correction in all table movement.

Procedure
1. Estimate badksh on the given axis and round up to the nearest 10 thou
2. Set Lash to 0 and disabBerew Mappindor this axis. See padeS for

details.

Home machine

Move the DTI away frontHome by a distance equal to your estimated

backlash+ 0.01 inches

Slide the reference bloaveruntil the DTI reads O

Clamp the block.

Record the DRO reading as DRO

Jog 2 thou more away from Home.

. Jog toward Home until the DTI again reads O.

10 Record he DRO reading as DRO

11 .Subtract DR@from DRQ;, drop the sign, andall this value Lastior the
given axis It will be input before we start Screw Mapping.

12 Repeat procedure for each linear axis.

> w

©ooNOo O
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Example

| estimated my X backlash to be no more thaid hbhes
Set Lash to 0 and disabled X Screw Mapping.
Homed my machine.

Moved theDTI until the DRO readd0.0200 inches.

Slid the reference block over until tBd'1 read O
Clamped the block.

| recorded 0.020 as my DRQ.

Jogged 2 thomoreaway from home.

. Jogged toward Home until the DTI again read O.

1OI recorded 0.096as my DRQ.

11,(0.0200- 0.0096)= 0.0104 inches so this is my backlash at X Home.

©CoNoO~WNE
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Screw Mapping Preparation
Screw Mapping must be turned off in order to do calibrafitis is done by going

Current Position (Inches) Jol

sssss

Dist to Go
X +0.0000
Y +0.0000

+0.0000

Config,
Mach,
Scales
and Motor.
:32;22 oa Enter theBacklash [Lash) Compensatioffior each

+1.8455 v axis.

Lashcanlaterbeincreased to account faniform wearwithout generating a new

table. If the wear is not uniform, the Screw Mapping datstbe updated as
needed.
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TR Be sure Screw Comp is set to N. If

Axis Label Motor Motor Lash Comp. Limit Limit Home Home Dir Screw H H H H
revs/in steps/rev  (Inches) - + - + Rev Comp It ShOWSY, CIICk On Y and It WI”

1

20.020000000 2000  0.000000 1 0 1 0o Y Y

let you change it to N.
Do Save (F10)Then press Escape.

Selected MCompand you will see
the Screw Mapping screen

Scales

WCS #1 (G54) Current Position (Inches) Job Name: c_rod.cnc
Tool: T
Feedrate:

T The first entry in the table is a
position of Owhich is by definition,
Home CNC12 requireghis rowto
o | be all zers. The last entry in the
LEhESLs |  table mushave zero for both

X.Axis Compensation Table

Movingrrom Home Moving Toward Home CorrectlonSMy |aSt entry |S a.t 13

Position _Mezsured Pos. Correction Measured Pos.  Correction Difference

0.00000000 0.00000000  0.00000000 0.00000000 inches so is not visible on this

0.50000000 0.00000000 0.51070000 -0.01070000

0.99940000 0.00060000 1.01010000 -0.01010000 screen. Use thﬂp/downkeyboard

1.49940000 0.00060000  1.51010000 -0.01010000
1.99890000 0.00110000  2.00970000 -0.00970000 arrow keyS to scroll the table.
2.49990000 0.00010000  2.51090000 -0.01090000

2.99940000 0.00060000  3.01040000 -0.01040000

3.49910000 0.00090000  3.5100000C -0.01000000

3.99870000 0.00130000  4.00970000 -0.00970000

Next | Delete | +1 -1
| Esc Ast Table fen Count | Count Graph
F6 F8

| was doing a lot of DTI reading so
decided to put a camera on the DTI
and display the result on my monitor.

; | use the jodunction to positiof! the

DTI. For closing a big gap, | use MDI
or jog with 0.01 inch steps. When the
needle starts to move, | change to
0.001 inch. When at or below 1 on
o, the DTI, | use 0.0001 inch steps.

1 When | say move the DTI, | mean to move it with respect to the.tabl
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The Screw Mapping Procedure For Positive Position s

X Axis Compensation Table
Moving From Home Moving Toward Home

Position  Measured Pos.  Correction Measured Pos. Correction

1- Home the maChIne 0.00000000 0.00000000 0.00000000 0.00000000
2. For theHomepOSItlon O@OO |nCheS 0.50000000 0.00000000 0.5107000C -0.01070000
a. Turn the DTI's bezel to read abao6twith the stack
of blocks away from the finger
b. Move to Home so the DRO reads 0.0000.
c. Slide the block stac&n the aluminum angle a
negative direction untthe DTI reads betweerl
and +1 Clamp the block at the end of the stack.
d. Turn the DTI's bezel to set the DTl to 0.
e. Using jog, novethe DTI ina positive direction
until theDTI readsat leas®.
f. Jogin a negative directioantil you reach Homddeally the DTI
reads0.This might mearyour Backlash value was set correctly and
your repeatability error is 0. It could also mean you were just lucky.
Jog forward about 2 thou and back to home 5 times and note DTI
readings. Recordhe largest change in reading as your repeatability
error?, If you decide the error is excessive, adjust the backlash value,
Save, and Hhome the machine.

3. For all other positionsexcept the last one

a. Start at a location more negative than the tgogsition

b. Move in a positive direction untihe DTI equalsD. This isO"Y 0.
Calculate O'YD 0 ¢ i "Qeaf@&aveit for later input a8Move
From Home Correctiori for this Position.
Move untilthe DTI equals at least.
Move in a negative dection untilthe DTI equals0.
Note O'Y 0.
Calculate O'YUD 0 ¢ i "Qoafd&aiveit for later input a§Move
Toward Home Correctiori for this Position.
Compareghe new Correction valude the last few sets of data. If the
change is not similar, something could have shifted. Return to the full
stack and verify zero is still correct. Then return to the latest position
and retake the data. You do not want to collect all of these readings
only to find out that half of them are wrong.

o

> @~oa

2 For example, say you read-0,5,+1, +0.5, 0. The largest change is fr@% to +1 so the repeatability error
estimate is T®]IOE o
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The last position has both correctioaluesset to Gas required by software

Input all Correction valueisito the Screw Mapping tabl®o a Savelt

would also be a good idea to generate a Report in order tapdbls data.

6. EnableScrew Mappindor this axis See pagé5 but this time change N to
Y.

7. Themachine is Homednd then we are ready $tart using Screw Mapping

on this axis

o s
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The Screw Mapping Procedure For Negative Positions

Y Axis Compensation Table

Moving From Home Moving Toward Home
Position  Measured Pos. Correction Measured Pos.  Correction Difference
0.00000000 0.00000000 0.00000000
-0.50160000 0.00160000 -0.49510000 -0.00490000
-1.00080000 0.00080000 -0.99400000 -0.00600000
-1.50300000 0.00300000 -1.49550000 -0.00450000
-2.00460000 0.00460000 -1.99650000 -0.00350000
-2.50330000 0.00330000 -2.49500000 -0.00500000
-3.00420000 0.00420000 -2.99610000 -0.00320000
-3.50430000 0.00430000 -3.49610000 -0.00390000
-4.00390000 0.00390000 -3.99650000 -0.00350000

1. Home the machine.
2. For theHomeposition: 0.0000 inches

a. Turn the DTI's bezel to read abeGtwith the stack
of blocks away from the finger.

b. Move to Home so the DRO reads 0.0000.

c. Slide the block stack on the aluminum angle in a
positivedirection until the DTI reads betweeh
and +1. Clamp the block at the end of the stack.

d. Turn the DTlI's bezel to set the DTl to O.

e. Using jog, move the DTI in aegativedirection
until the DTI reals at least2.

f. Jog in gpositivedirection until you reach Home. Ideally the DTI
reads 0.This might means your Backlash value was set correctly and
your repeatability error is 0. It could also mean you were just lucky.
Jogbackwardsabout 2 thou antbrwardto home 5 times and note
DTI readings. Record the largest change in reading asegtiunated
repeatability errdé. If you decide th@verage values excessive,
adjust the backlash value, Save, antiome the machine.

3. For all other positions egpt the last one:
I. Start at a location more negative than the target position.
j. Move in a positive direction until the DTI equals 0. Thi©i&r 0.
k. Calculate 0 ¢ i Q6 @¥& 8 andsave it for later inpuas"Move
TowardHome Correctiori for this Position.
|. Move until the DTI equals at least 2.
m. Move in a negative direction until the DTI equals O.
n. NoteO'Y 0.

B For example, say you read-0,5,+1, +0.5, 0. The largest change is fr@% to +1 so the repaediility error
estimate is T®]IOE o
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0. Calculate 0 ¢ { Q0 @¥ & and save it for later input &Move
FromHome Correctiori for this Position.
p. Compare the new Coietons to the last few sets of data. If the
change is not similar, something could have shifted. Return to the full
stack and verify zero is still correct. Then return to the latest position
and retake the data. You do not want to collect all of theseng=ad
only to find out that half of them are wrong.
The last position has both correction factors set to 0.
Input all Correction valueisito the Screw Mapping tabl®o a Save. It
would also be a good idea to generate a Report in order to back up this data.
6. EnableScrew Mappindor this axis See pagé5 but this time change N to
Y.
7. Themachine is Homed and then we are readstaa using Screw Mapping
on this axis

o s

Correction Touch -up

DROs is the DRO reading while moving in a positive direction on a given akis.
DROz is the DROreading while moving in a negative direction on a given akis.

After testing, you may find some correction values are not good enough. Note the
Position,DRQOz: or DROs, and the Correction value that is dfhis procedure is
done with Screw Mapping on.
When all Position values are positivse
Moving From Home Correctiochange= DRO5 - Position (5)
Moving Toward Home Correctiochange= DRQO: - Position (6)
When all Position values are negatiuee
Moving From Home Correctiochange=-Position +DRO; (7

Moving Toward Home Correctiochange= -Position +DROs (8)

In all casesaddthe change value to the existing Correction values in the table.
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Example
On my first pass of calibrating the X axis at a position of 12.5000 inches, |
measured ®RO;5 of 12.5030. Since Position is positive, | used equatioto(fihd
my Correction

Moving From Home Correction DROs - Position (1)

Moving From HomeCorrection=12.5030- 12.5000

Moving From Home Correction 0.0030
During my first test of this data | measureBRO5 of 12.4985
Using (5)

Moving From Home Correctioohange= DRO;s - Position (5)

Moving From Home Correctioohange= 12.4985- 12.5000

Moving From Home Correctioohange=-0.0015

My original Correction wa$§.0030and my change i£.0015 Adding them
together gave me +0.0015 which was put into the ¥able

During the second test of this data | measurB@R®5 of 12.4999. | really doubt
the error will remain this small but it does confirm that the equations are right.
Drift in machine error will cause the compensated error to rise.

¥You may wonder why a second iteration was needed. | have found that things can shift which moves all
subsequent measurements. | also found that the clamped reference block can move from repeadieditgitings
calibration process.
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Protecting Your Investment

If you got this far, the data you have collectedkt a lot of time and effort. Now is
the time to back it up. Go to the cncm folder and copy the filestalb, cne

y.tab, and cnz.tab. Then save them to a safe place that is not on the PC used to

run your mill.

If you find that your screw mapping data is corrupted or missing, you can replace
the existing 3 screw mapping files in your cncm folder with your backed up

versions.
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correction

Screw Mapping Theory
Let's start with an ideal leadscrezero backlashdeal nut, angherfect Home
position.

At Home, the DRO reads 0.0000. Move 0.5000 inches in a positive direction and
the DRO reads 0.5000. This means our correction is zero. In fact, | can move any
positive distance up to the positive limit and all correction valuéde/0.

Moving back to 0.0000 arthe DRO again reads 0.0000. This means the backlash
is 0.

| can show this idea behavior as
a straight line placed on the

A 1 ] T distance from home

distance from home axis.
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correction
i

Next consider the effect of

constant backlash.

As | move in a psitive
direction, the Screw

Crrr e distance fomhome \1anning data returns a

constant value. Call this

valueod .

C+ positive direction

In order to calculate the correct DRO value,
the softwardakes the raw position datarhich
Is based on counting pulses to the stepper
motor and subtrasD . To reach the desired
position, more pulses will be needed.

These pulses first move
the leadscrew through

the dead zone called backlash. Then they start to drivapthdlerelative to the
table The softwarestops when the raw position minus the correction equals our
target value.

correction

Whenthe softwaranoves thecutter

relative to the tablen a negative
Fbb bbb bbb b - distance fromhome— DliFECTION, the Screw Mapping data
c- g returns a constai .
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- In order to calculate the correct DRO value,

the softwaretakes the raw position datarhich

Is based on counting pulses to the stepper

motor and subtraci . In order to reach the
desired position, more pulses will be needed.
These pulses first move the leadscrew through
the dead zone called backlashen they start
to drive thecutter relative to théable.

Backlash is equal to the distance between positive and negatieetionlines:
OO @ 6 (9)

My procedureattempts to sdhe correct backlash value at Home. Given #tlat
Position values are positive, | set my DTI to O when at Home. Moving back to
Home should bring us back to a DTI of O.

Note that the Homingrocess is the only time that the spindle moves below home

before going to Home.
e For example, after ph, | will be at an X of

+0.012inches. When | home, we move in a

/N ome -backiaen, NEGALtIVE direction until we are at abet012.
ST Then we moveén a positive directioo 0.000Q

N ’ ~ '™ So when initially at Home, ther@vious direction

\/ was positive.

| park

Subsequently, whewe move tdHome,all
previous directionsust benegative becausge cannot go past Honte negative
Position valuesWithout backlash set correctly at Home, we will land at a distance
of Home minus backlash after the initial Homing is performidus means that it
is essential that we get Lash correct at Home in order to avoid backlash error
each time we go to Home.
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Next, consider the case of
imperfectthread but
constanbacklashthat has
been perfectly canceled at
Home It might look like
this. Correctionstarts ot at

O but thenises due to wear
on the thread. Since we are

assuming perfect backlash compensation, the direction of travel doesn't change the

correction value.

correction

positive direction

negative direction

ALl bbbt b Ll L L L L e distance from home

By letting backlash change
with distance, we arrive at
nortideal leadscrew and
norridea nut. However, this
still assumes that changes
between sample points are
on a straight linelNote that
backlash starts at 0 but

eventually increases. This causes the positive and negative direction lines to

Sseparate.
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