=X 2| o / ghe 21X 2F WE
Accumulated Lead Error, Repeatability

o i = I S S

Lost Motion

TIRIE | ARG ceenreieeiiit i P-004
Straightness, Verticality

P e e e OGS BB SR B EE R A ECCaE5D P-005
Backlash

BT E BFZS cveernernrrnettiii P-006
Moment Load Stiffness

BT B WO, YT CIAHA  ALUGES  oeeeeres P-007
Rotation Center Error, Work Distance, Load Capacity (Horizontal)
SIMAHO|K| : £RRA/ BAE BM  coveeieiienis P-008
Rotation Stage: Accumulated Lead Error, Lost Motion

ZIE TSN /O K| @KF/ HEZ /A P-009

Rotation Stage: Angular Repeatability, Pitch Error, Surface Runout, Eccentricity
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o Kohzu Stage Inspection Standards
i
ndustrial
l $X 2| QK (9K 2™ HE)
yus Accumulated Lead Error (Positioning Accuracy)
peri-
mental
- JEY(@E)IM B $PO2 AWAHOR axHOR
Pt T measuring machine AXIZFE o0, 2 2o YXIBT XF| ZHAIZHIA
Soee MH|2 oS3 $IXI)Th XIAIZ(XIAS AR|2 0| SshoFsts
21X1)2te| xto|E HIo|E2| o|SHAMM FFstn, O xHee
o omg - = ECHALS X 2|= AKX Z2FE E)2t #ch
Theoretical value
< LTS The positioning accuracy depends on errors in six degree
Z Maasurac vk of freedom. In a case of a linear positioning stage, the
positioning accuracy is influenced by angular error (pitch,
yaw, and roll), straightness (vertical and horizontal), and
?ogﬁon the lead error. Here is defined the positioning error is came
from the lead error of screw as one of main reason and it is
Aglu accumulated when the linear stage moves unidirectional
] within the full stroke. That’s why it is called as
(Tilt) “Accumulated Lead Error (ALE).” It is difference between a
HexY A real output and ideal / calculated input. When the linear
el TShaL stage makes positioning in each position by each
Stage /\ Error/AL commanded values, there is an error between them. It is
A N / , ol el measured and calculated like following; (Actual
o T e 7 Movingdistance | gjsplacement) - (Commanded displacement value). The
maximum deviation within the full stroke is defined as the
ALE.
V4
z
m, || eE AN AR e
Rotation
Repeatability
é_?i'ﬂ
Sl B 2jolo] 1HPIECR o= SHF)S 2L WyoR xzue
(Titt) Laser length measuring machine 6":'_, a -‘%IXIZI% é’ggl—lt} Ol éxéngoﬂ EHGH 7§| %‘6}3—,
gl 1 HcHxtS ELICE of =X Aol fIX|0A Sta, 73t
o 2ol Alchizkel 120 +2 291 ghe B 9ix| 28 Fzatn

guch g, 2ol X2 XAHO K= Y % B
30|, 298 A ZAH|O|X|= Y2 1H 22 BLCt

9\ Positioning is repeated 7 times at an arbitrary point from
the same direction, the stop position is measured.

Perform this operation on three (3) points: at the center
and at both ends. Then multiply the maximum deviation
by 1/2. Repeatability is indicated by adding = to one half
of the maximum deviation. The load is only a comer cube

Catol XS X AH|0|X| placed on the center of the table.
HEA Motorized X stage
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Lost Motion

2o|H £37|
Laser length measuring machine

AHE X 2H|0[X|
Motorized X stage

L3
/& & 2|ojolgf

Autocollimator

s ALE AH|0|X|
Motorized Swivel stage

#0|X £&7|
Laser length measuring machine

A& Z AH|O|X|
Motorized Z stage
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279l x| (71E FFIAO Chol A Y (2EZH
CWHSe)o = oX| Z2F2 3tx, 1 21XI15 FZECh(LL)
CHA| YACR O|SAIRI 2, BITHASE (2us/2eccwg )22
#2 Y22 O|SAA AXNZFEE st 1 /KE
g ch(LL)

ChAl RYEOZ 0|SAZ =, YT Z2 Fo=
O|SAIZI2 2 9IX|E HHELICHL2). o] ?1X| 2HE, HYH,
RYYOR 73 HAIStn Zt Zfe| XAt 5, O g2
Hrototo], 279 X S0 HUigs 2AE
DMo|ztn gt

T 279 AKX, XAHO|X= B, & 2Tt 3H0|H,
A9(E A ZAH|O[X|= B2 1HYLCt

Around a defined position, a stage moves in back
and forth displacement with the same command
(same amount of pulse).

The back and forth displacement takes place 7
times, and the difference between the average
displacement (back and forth in 7 times) is
determined. This should be measured at center and
both ends of motion, and the maximum difference is
defined as the "Lost Motion".
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Kohzu Stage Inspection Standards

AT (SENE) AT (FHAHE)
Straightness (Within the vertical plane) Straightness (Within the horizontal plane)

& AS X 2H|0| x|

AT,
TS AtS X AH|0|X| Manual & Motorized X Stage

Manual & Motorized
X Stage

7|&H
Baseline

T
5 S
=3 =
8 o
- =
o SrE
& L =~ 4o
oo e wn
o n
8 s
3 a
o L L o
A ; — 3
O|E22| Moving Distance 3
-~

7|E UKo Bt HEOZ extHOZ X BHE ot1, 2 o] k|0 Me| +E B (Vertical), +HYE(Horizontal)
He|Zat 7| E= XIeke| X10| & FEst, FFgel XN ZHE AZT Z Mo Helo| Z|cixtE T et gfuct
HE= Y20 +HYR0| ASLICH 2 Ze| Y&l 2[ohZtS AE|0[X[2] TIZ| T2t BfL|Ct

Place a reference plane (such as a straight edge) on the table top face, trace a displacement gauge in the table
moving range, and obtain the maximum value of displacement from the straight line that connects the start point
and the end point. This value is defined as straightness.

The straightness has a vertical component and a horizontal component. The maximum value of each component
is defined as the stage straightness.

+3E (Que)

Verticality (two directions)

welA
Indicator
t ©
4 4

AEZ3E
Stroke end

c e

AL

Displacement 192

e

Manual & Motorized Z Stage 0|22 Moving Distance

O] AHO| FSo HRIAIZ, Stone square?| % 7|EHS E|0[E2| O|SHeILHOM LT W= X0 5to], #Hel2
A[cHgte =l =2t guch
An indicator is set up at the table so that it touches the perpendicular surface of the standard square, and then it
is raised while measuring the displacement.

Displacement when moving from the starting point of one stroke end (displacement 0) to the opposite stroke end is
defined as verticality.
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a2l 3|
Backlash

2f|0|x ==7|
Laser length measuring machine

X+ X 28[0|X|
Motorized X stage

QEZ2|0H0|H
Autocollimator

ArE A9 AH|0|X|
Motorized Swivel stage

A& 2™ AH|0|X|
Motorized Rotation stage
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HO|Z22 ORGHIX| = O|SH?C SYS 7|E/X2
oto], 71Z 91X 2 0| SAIZE e Hui= ek SUS
YO R [ FIHE JITt 2, BOIS sHHELICH
J|ESAXI2 ROHE siHTt F2| flXlo| XHE w22t n
gch

Linear Stage (X, XY, Z)

The backlash is defined as the remained value shown
by the indicator after applying a force 1 kg to the same
direction of the last displacement of stage with a push
gauge and releasing it. For example, the indicator is
attached to the edge of a table after the stage moves 5
mm to motor side from the original position. After the
setting, the 1 kg force is applied to the same direction
and released. The remained value indicator shows is
the backlash.

Swivel Stage (Goniometer)

The table is moved from the anti-motor side to the
center and is stopped. The position is read with an
autocollimator, and the position is used as a
reference. The table is pushed with a force of 1 kg in
the tangential direction of the arc, motor side
direction, then the force is released. The value of the
autocollimator is defined as the backlash for swivel stage.

2ol /X 7|EH0ol2t Fotn, 7|E9(KI 2 0| S mio|
SUf7| Yekn 22 Judaoz 7 2S5 I8t 2,
OIS SAIELICE 7| E 2 x|t RS ShFT =2 f1X|2f
XHS w242t guch

Rotation Stage

The table is rotated clockwise and stopped at an
arbitrary angular position which is taken as an
origin. Then, a 1kg force is applied tangentially in
the clockwise direction from the external portion by
means of a push gauge and the push gauge is
released. The backlash is defined as the angular
difference between the origin and the position
where the table stops after releasing the force.
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Kohzu Stage Inspection Standards

DHE 3IF (B Z4A)

Moment Load Stiffness (Roll Direction)

+5 XS X 2H|0|X]
Manual & Motorized X Stage

=3t
Load

FEAtE 298 AH0|X|
Manual & Motorized Swivel Stage

et

Load

+S-AS W AH|0[X|
Manual & Motorized Rotation Stage

BlO|22 ORGHX =& O|5HS Y0 £1, o<
RHUE StE(HQ6tE)2 7H3e el Ho|g Apio| H3t
Zt = (SHRIN-cm)E PHIE st=0|2tn ghlct

When an force in the roll direction is applied, the
table tilts. Momentum Load is defined as the tilt
angle of the table per momentum unit. Units are [
arcsec /N-cm .

We define this parameter as table tilting under an off
table center load (load of W kg is applied to the table
at a distance | cm, perpendicular to the rotation axis
from the table center). Units are [arcsec/N-cm].
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o] S HelE

Rotation Center Error

FFAHE A9H AHO|X|
Manual & Motorized Swivel Stage

CCD Ztdl2t
CCD camera

l 3 ClAEA
Work Distance

FE RS A9H 20|
Manual & Motorized| Swivel Stage

CCD 7HH|2k
CCD camera

I FEUSHE
Load Capacity (Horizontal)

AH[O|XIE +~HO 2 HAIRE wiof E|0|E S0l 22 + A=
st LELICLEERS0| 7tstt etAstEYLCt)

A limit load is applied at the center of the table when the
table is installed horizontally.
All specification of the table can be guaranteed.

22| *TEL:044-981-2131  FAX:044-981-2181 [E-mail] sale@kohzu.co.jp [URL] www.kohzu.co.jp

Hol= flof #x 2™ SHR0 7|2HS EX5t,
Hol28 ZEAERIR SAUS W, 7|EHS BES
CCD7tm2t2 FH3tof, 0 HELS AW 4
#HelZrol2ta ghch.

Set a reference point on the actual rotation axis
above the table and while operating the table in the
full moving range, follow the deflection of the
reference point with a CCD camera. The amount of
deflection is defined as the rotation center error.

O™ Y HAY ZHAMO| EXP 7 EHA EHO|E
HNX[Q H2|E 93 ClAR AR D BL|CH

The distance from the reference point set for
measuring the rotating center displacement to the
table top face is defined as the working distance.

ZFo| ) ax| Mefofl w2tM LisHE 2 HatgfLIch DA Eo| AL
0| m2tM = Zetd 4 A7 W20l Aet A2 HAt
TURZ 2oBFAR.

Note 1: In a case where an excessive load is to be
applied, please consult with us, first.

Note 2: The withstand load varies with the installation
state. The value depends also on the customer's
operating conditions. For details, contact our sales
department.
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Kohzu Stage Inspection Standards

A& 2™ AH|0|X|
Motorized Rotation Stage

RS 8|7 AB|O|X|(OAE|O|XI)S| FHQA}, RAE
oM, 2 HH Y DX QA HEHAE AL
(813 021)2 0|8310] HALS MAIBILICE

An encoder (shown in the left figure) is used for
precision inspections of the accumulated lead
error, lost motion, angle repeatability, and
pitch error of motorized rotary stage (Bstage).

l XXt
Accumulated Lead Error

HIO|S (3¥) 131H
Table (Worm Wheel) rotation angle

A& 2™ AH|0|X|
Motorized Rotation Stage

EAE DM
Lost Motion

BACK
Motion Backward

ZAE QM
Lost motion kel

_ l Turning Point

At
Error

3
Arrival Poin ’

A+ 2| ™ AH|0|X]
Motorized Rotation Stage

2lo| /XS 7|1EHR Hot 7|EHOA ot o2
LYUAHCER £AHO 2 IX[BFE o, 2 2| #IX|2E
X Fe| HHEUCIEHA Ax| ol 2XI)2t XIAIZH(X|AlIE
x| olSsorst= 2ix)2te| XS 360°0|A FF5t0 1 A[ch
XHE QX2 BT (2% 29 AL)

An error as shown in the left diagram appears in an
interval of one worm wheel rotation (360°).
Accumulated Lead Error= AL

eolo| X & 7|EHoRE Fotn 7|EFOM o o=
LHUHOR £XHO 2 KBS dt, 131™ FFt £,
Hioietsro 2 20| 7|E/MX| ZFELICE 2 2ke| 9|Xx1Z2E
X|&ol M2 GO2F BACKS| 91X Z|ChitE 2AE 2Mo0l2tn
gLck

% XAH|O|X|9] 2AE @M1} =0| CHELIC]

% EHHIEHA 3| AE|O|X|Q RAE BMO| Hol= XtE A

AH|O|X| 2t SYetLCt.

When moving rotation stage from 0° to 360° or vice
versa, maximum error between motion forward and
motion backward is defined as lost motion.

% The definition of lost motion is difference to X linear stage’s.

% The definition of lost motion of tangent- bar lead mechanism
motorized rotation stage is same as motorized swivel stage.
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Angular Repeatability
Mpumy  M1BACK
Second First

Turning Point Motion Backward AL ureE

H1G0o First

First L Turning Point

Motion Forward.-™ ™~ /—L
43 — i 3

260 w/ 245 gy
Second Motion Forwa Angular

Repeatability
xS 8| H AH|0|X|
Motorized Rotation Stage
o x| QA
Pitch Error
Qb
Error
..... T TEN—— Al
i 90°* 180° 270° 360°
HE 15
Worm shaft rotation angle
S 8|H AH|0|X|
Motorized Rotation Stage
CC
HE

Surface Runout

~—
\, &)
;%\)/
> +5-%5 3™ AH0|X|

Manual & Motorized Rotation Stage

H

Eccentricity

+&AE 2™ AH|0[X|
Manual & Motorized Rotation Stage
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olo| XIS 7|IEFCR ot J|EFM ot WEgo=z

YEUNAHSZ #AXOZ 9X|ZFE ot 13]H 53 =7,

gtoiisto 2 7|E K| & S0t ZL|Ch

3 F, CHA 19| Hufet 20| 2#m £F S LI 2F 2|

AXZE XHe 13 ™ufet 23| M ulje| X[CixtE 2=

HH-golata gfLict

% BN EHIA 3T AH|0|X|Q| 2tz RFMO| Ho|= X5 A9
AH[0|X|o| B 91X| 2F Hzot ZELICh

The angular repeatability is defined as the maximum

difference (regardless of the direction) when a rotation

stage rotates twice of full turns of CW and CCW direction.

The difference is calculated by comparing actual

positioning in each angle from the first and second same

directional rotation, and a bigger difference from CW and

CCW rotations is defined as the maximum difference and

same as the angular repeatability.

# The definition of angular repeatability of tangent-bar lead

mechanism motorized rotation stage is same as motorized
swivel stage.

2olol IXIE 7IEHLR Hotn J7|EHM ot Yetez
YYUACR =AXO= IX[ZHE otn, 2 249 9IXIZH
ANge 5HAIEHAN 2H oS¢ #1xl)nt
XIAIZH(XIAlE AH| o S3ioFst= 9IXl)mte| X5 Y &9
1A (g5) (3= 13 d)29 #HelolH £, 2
x| chxHZtE 2219 AL)E x| 24H2ta Fhict.

Speed reduction ratio in the worm wheel used for our
rotation stage is basically 1 / 180. This means that the
gear has 180 teeth at the circumference. This defines the
extent of deviation from the standard 2° 00' 00" for each
tooth.

0|22 13T AlA, HIO|Z 42| 2IFRZ0i|A Hotgeel
RIS £t 2 A|ChAIS HEZol2tn gfuch.
x

# EHHEHHAR 3L (BAER )M FHELICL

An indicator is placed into contact in the vicinity of
external periphery of the table, and a measurement is
made at 36 points for every 10°.

Maximum error ( peak to peak ) is obtained. This value is
the sum of deviations resulting from surface runout errors
and that derive from finished table surface irregularities.

% The surface runout of tangent-bar lead mechanism rotation
stage is measured in full stroke angular range.

HO|22 19T AlA, 2|H K| LAY HelE £t
3 £Fgke| #o Xt Myol2ta gk
# EFHIEHHA 2 S| HYS|(Z2E2 TN FFRLICL

The inner diameter as a reference is provided in the main
shaft. During final assembly, displacement of this inner
diameter is measured with an indicator. This value is the
sum of roundness deviations of the inner diameter and
eccentricity, and we define this value as eccentricity (only
for Mont-Blanc series).

# The eccentricity of tangent-bar lead mechanism rotation stage
is measured in full stroke angular range.
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