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1. Introduction

O This repair manual describes the product disassembly, reassembly, adjustment, and
electrical adjustment procedures, in sequence.

O The electrical adjustment procedure for the encoder section is the same as that for
the DTM-800-series Field Station, and the electrical adjustment procedure for the
EDM section is the same as that for the DTM-500-series Total Station. However,
some changes have been made. Be sure to read the repair manual and follow the
instructions for adjustment.

O The manual is intended to facilitate your understanding of the configuration of
mechanical and optical components, and necessary adjustments by describing all
procedures in sequence from start to finish.

O When using an oscilloscope to monitor the detector signal, be sure to place a dark
cover over the unit to prevent external light from entering the detector section.

O

The manual is also organized so that each section can be referred to independently.

O

The manual can be used as training TEXT in repair courses.

O

Regarding parts, refer to the RH-0013A Parts List for the DTM-800-series Field
Station,
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2. Repair Information

o O

o O

Always remove the battery before
disassembling the product.

To prevent losing the customer’s data, be sure to copy and save the data in memory
before starting repair work.

Wear an anti-static wristband and perform work on an anti-static mat.

When reassembling glass components, be sure to blow off surface dust and wipe the
components using a lens tissue or clean cotton cloth moistened in lens cleaner or an
alcohol-ether mixture,

Use only the specified adhesives and lubricants.

Using organic solvents (e.g. alcohol, acetone, thinner) to clean plastic or rubber parts
may cause discoloration or deformation. To clean plastic and rubber parts, use an
eraser or wash with a neutral detergent.

Adhesive (#350) is applied to machine screws to prevent loosening. If screws are
too tight to unscrew, use aleohol to dissolve the adhesive.

Use the appropriate screwdriver to loosen and tighten screws.

In this manual, important information is indicated by “X¥.” Be sure to read the
sections marked “%” and follow the instructions given.



3. General Tools and Required Items

RH-0024. A

Tool No Name Qutline
T91000 Screwdriver set (6-piece set)
T91204 Screwdriver with wooden handle, 6-mm diameter
T91102 Standard screwdriver with wooden handle, 5.5-mm width
Y. 5==
T91035 | Serewdriver bit = : ,
[REFT] d
Screwdriver-bit : go2 e
TO1320 1y older i ==
T92041 | Tweezers AA ﬁ
e ] (]
T92162 Compass wrench A %
T92163 Compass wrench B :7/
Hand la '\.._/i\'
J5001 P Lo7T
(alcohol container) g U >
J21076 Allen wrench Ballpoint

Required items
Storage oscilloscope, anti-static mat, lens tissue (E703),
low-temperature solder, low-temperature soldering iron,
lens cleaner (or alcohol-ether mixture), gasoline for cleaning,

eraser (for cleaning support covers and other parts), neutral detergent,

adhesive, lubricant (specified type)




4. Tools for Exclusive use
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Tool No Name Qutline
87om
J91995A Hexagm'lal Bar
screwdriver
2.5 mm across flats
J26273 Special hex-key 3 mm across flats
J26212A Trunnion removing
| tool
Trunnion-removing
J26292 bolt (Male threads)
Trunnion-removing
426270 tool for clamp Om) ©
tangent screw side ;
H-encgder Provided with three plummet-rotor
J26261 centering mounting screws
adjustment stand
J26261A J26261 centering . 1
adapter ]
&=




4. Tools for Exclusive use
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Tool No Name Qutline
H-encoder
cenfering
J26262 adjustment
adapter
H-encoder
centering-
J26338 adjustment- @
adapter guide '
N
126309 H-encoder gluing
tool
J26334 V-encoder gluing
tool
J26336 Index gluing tool
Joe3a7y | index-gap
adjuster
J26337V V-index-gap
adjuster
=2 wrs f
7 . ong
J26293 Zero-signal checker = —
9 g26293 v
U] 1]




4. Tools for Exclusive use
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Tool No Name Outline
J426293D Power cable D
426293G Power cable G
426317 Signal cable
J26335 Signal checker
J26339 Tool card
The tool card for the DTM-800 series can be used
for the DTMO0-801 series, and NPL-820/NPIL-821
by updating the version.
J26344E DTM-801-series
program master
426344 for DTM-800 series cannot be used.
J26355 Program installer 1
8
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4. Tools for Exclusive use

Tool No ' Name Outline

J26359 Fiber F adjuster

EDM CPU board (o)) &
oar
J26360 holder | ‘-‘y

JeaEs | et diustment @ %

wpaser Same as 2K146-250
= TREI6% ﬂ{/
—— =7
J26364 Sector attachment
tool

-%fgfé
J26365 A].].en Wrench 0.8%mm %

across flats

' J26196
J26196H modification kit
DTM-350/330 can also be used.
79619613 J26196NEW

modification kit When J261961 is installed, this kit is not
required for the product.

10



4. Tools for Exclusive use
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Tool No Name Qutline
T
Collimator for I w!e : : i
HLBOOOAB | surveying JJ—P ) i |
instrument | I l E g
bl | i
' fd i }
| I RN il
The configuration and specifications are subject to
change without prior notice, The
secondary/upward/downward collimator support
and main collimator base are not included.
Refer to the product manual for installation and
operation instructions.
)
HXAZ20307 | Scale centering tool
L
! i) a? ] i D g
|
The configuration and performance are subject to
change without prior notice. Refer to the product
manual for operation instructions.
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5. Lubricants and Adhesives

Theodolite unit

The following reference diagram shows the theodolite fitted with a detachable leveling
base. This diagram also applies to the lubricating system for the operating
mechanisms of the theodolite fitted with a shift-type leveling base.

G or L: Lubricant #: Adhesive
2647

#3650
G220 G220

{Perimeter) {Perimeter)
=
N u
| i
#350 I G7826+M r Tﬁ
H §~ ¥ G220
ﬁ\;ﬁ% G220 \ L
51.-'”
fl

it B
s_?azsl —i i)y 7 6220 s

ik Sl

*E548
#9211 Sy ]
{Temparary attachment) }\ ‘: - m Q ™ %350
.~.3"1 #3850 (Transparent N
718z ' perimeter)
L~ © t #35.0) N
%j// 3 (Transparent} | [~ NG 7826
.
£350 ] N&220
J #3580
j“' "\f{ *647
f—— =] 1] #350
[ ==
— U #6448
——T" % § 2 1 (Temporary
%350 } 33 i | # 3 5 p attachment)
| [ )
G220 W n |
: J
. J 2
(- - InL_
- iy
#* 3 5 0 (Transparent) [:1‘:“4
v,

/

# 3 5 0 (Transparent]
G78B6%6 G7826+M 3 {Transparent)
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5. Lubricants and Adhesives
Theodolite unit

The following reference diagram shows the theodolite fitted with a detachable leveling
base. This diagram also applies to the lubricating system for the operating
mechanisms of the theodolite fitted with a shift-type leveling base.

G or L: Lubricant #: Adhesive

#2350 (Transparent)

#350(Red)

A% ¥ Rear outer surface #515
(white)

u
L1}
L]

G7826 |

TN #2350 (Red)

G7866

(Transparent) ii:'(‘_&';;’ -

#517 jt}";. O
Perimater TR

#5647
#350 (Red)

#2051

#350 (Transparent)
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5. Lubricants and Adhesives

Detachable leveling base

G or L: Lubricant #: Adhesive
#6186
G7868 G786%5
N # 3 5 0 (Transparent)
7 iy |
1 / : f - L3044
| I— ]
L3044
_ ‘ GEOS3
(Transparent) R
£350 \ \
G 7866/ / "? T\ \#x616
#350 . G605 3
(Transparent) G7866 C7866

# 3 5 0O (Transparent)

Leveling base with shift device

# 3 5 0 (Transparent)

#8616

/L3044

G6053

.
! g 1\
(Transparent) - / h . GB6053
It

#3590

(Transparent)

#350 |

-



5. Lubricants and Adhesives

Clamp and Tangent Screw

RH-0024. A

The following reference diagram shows the horizontal clamp and tangent screw. This
diagram also applies to the lubricating system for the operating mechanisms of the

vertical clamp and tangent screw.

G or L Lubricant #: Adhesive

67920

Optical plummet
#£350 6203 .
(Transparent) £350
- —~
%u. = SR Q
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5. Lubricants and Adhesives

Telescope
G or L: Lubricant #: Adhesive
(Transparent}
H3EQ #
# From inside of cover
yaj @_

ueday . G220

Perimeter
. ; ; Double-sided
%7 - - 71— ) adhesive tape

% \jﬁi G203
Gr8es | 4 . ]
AR
NN i
L] inr
#2051 Z E// o .
[ d
#6847~ |
JRO
I 1 J
#350 (white < | £ " #3390
(Transparent) i M —
V4 '
# > —
=
#647
#350) #
NN //
NS B35C
;| / (Transparent)
] . ye.
@ =
R ) ;
N T o g 1 8 N AR
197 d ' T~ _#350
® _ 1 {Transparent}
W\ =
L




6. Connection Diagram

Theodolite unit

Clip-on contact

CPU board

RH-0024. A

Display unit
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6. Connection Diagram

EDM unit
% Carefully route cables to prevent pinching by the shield plate.

Receiver board

Slip
ring

CPU board

Reticle
illuminator

3
X\ B I U
D R A —

Lumi-guide guide Attenuator Sector
(DC motor not included)
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7. Disassembly

The following describes the procedure for disassembling the theodolite unit. The
procedure for disassembling the EDM unit is described separately, as the EDM unit
should be disassembled after the theodolite unit is completely repaired.

Copy and save necessary parameters and compensation values from the CPU-board to
memory area on the tool card (J26339) for easy data restoration following completion of
the repair procedures.

The disassembly procedures are divided into separate blocks in the manual, but are
organized so that the entire unit can be disassembled by following all procedures in
sequence.

In this manual, disassembly is omitted where considered unnecessary.

Be sure to read the notes marked “%.” These notes describe important points and
precautions on disassembly and reassembly.
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7-1. Disassembling the Left Column

1. Removing the left side cover
Carefully remove the left side cover, as a flat cable is connected between the CPU
board and interface board located behind the cover.

2. Detaching the CPU board
Disconnect all connectors from the CPU board, then remove the board-mounting
screws to detach the CPU board.

&=
o

o o

5 H2.5(¢ 2.50a) x6

3. Removing the Y-axis tilt sensor
Pull the lower section of the tilt sensor forward and remove the sensor at an angle.

i~ Y-axis tilt sensor




7-1.
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Disassembling the Left Column

Removing lead wires of LED on index section from cable at soldered sections

% The LED on the index section is connected to the cable from the detector board
installed in the main body. The procedure described below protects the pulse
scale against damage due to contact with the index section during removal.

% When the pulse scale is not removed, it is not necessary to
conduct the following procedure.

% When reinstalling the LED, carefully check the polarities. Red (-)

Removing the V upper/ lower indexes White (+)
The upper and lower indexes can be distinguished by the following indications:
Upper index: QD4 stamped on index
glass

Lower index: QD3 stamped on index
glass

o3

Index glass
Removing the trunnion

1) Rotate the telescope and remove the three mounting screws through the tool
hole in the pulse scale holder.
Rotating the telescope one turn will expose the three trunnion-mounting
screws via the tool hole in the pulse scale holder.
Screws: One location indicated by a solid line and two locations indicated by
a dotted line in the diagram below

% The tool hole and trunnion-bearing mounting screws are not located on the
concentric circle. Grinding the section of the screw driver that contacts the

edge of the tollo hole. )
Enlarged diagram

Trunnion-bearing Tool hole
mounting screws l|

Grind the section that contacts
the screwdriver.
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7-1. Disassembling the Left Column

2) Remove the trunnion mounting screws.

Trunnion mounting
SCrews

3) Detach the trunnion.
When the trunnion is detached, the telescope
section tilts downward. To prevent it from tilting,
insert a sponge or other cushioning material
between the main body and telescope section.

8

>
!

( -

AW)

N
T s
Cushion +—_|

i

Screw the trunnion-removing bolt (J26292) into the center of the trunnion,
attach the trunnion-removing tool, then turn the handle of the tool clockwise
(arrow A) to remove the trunnion.

% When the pulse-scale mounting screws are removed and the pulse scale detached
from the trunnion, the pulse scale must be centered and adjusted.

Trunnion-removing bolt {J26292)

Trunnion-removing tool (J262124)

Y A



7-1. Disassembling the Left Column

7. Removing the V upper/lower detector board

The detector board is installed directly on the main body.

1O

[ —

—
[——=]

60060 %%
|

&

RH-0024. A
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7-2. Disassembling the Right Column

1. Removing the left side cover

=P

-

2. Removeing the spring unit

v br.ush V alip ring

9
Fastening

/ lever

Spring unit

i

<]

1

3. Removing the V brush

1) Disconnect the connector of the cable connected to the clip-on battery contact.

2) Remove the V-brush mounting screws.

Red

ot

oy

I

LIS
Pree

@ -Yellow
QOrange

o- Red
S\R\‘- Brown

Cable connector

Blue
Green

V-brush board (viewed from the bottom)

Fa¥al
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7-2. Disassembling the Right Column

4. Removing the V slip ring
Remove solder from the slip-ring terminals, then remove the slip ring.

Yellow Orange Red Brown e

2

Cable connection to the slip ring

Wires are color-coded as shown in the diagram
when viewed from the exterior of the slip ring
(from side-cover).

5. Detaching the fastening-lever unit
Turn the fastening-lever unit counterclockwise (arrow A). When the clamp coupler
detaches from the clamp joint, pull the fastening-lever unit forward to remove.
Note that a washer is installed between the fastening-lever unit and trunnion.

=
[ 1 lc“’-n—:\
© 177 1 D)

Clamp coupler

Fastening lever
6. Removing the V-clamp/tangent screw

1) Remove the fine-control knob.
Remove the fine-control-knob cover ring, loosen the two fine-control-knob
setscrews, then detach the fine-control knob.
Adhesive (#350) is applied to the setscrews. Use alcohol to dissolve the
adhesive before unscrewing them.

> I

N

Fine-cqntrol—knob Fine-control knob Nut Clamp gear V-clamp/tangent
cover ring screw unit
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7-2. Disassembling the Right Column

2) Remove the V-clamp gear
Remove the V-clamp cover ring unscrew the clamp gear-retaining nut, then
detach the V-clamp gear.

il

Retaining screws
(x2)

3) Dismount the V-clamp/tangent screw unit.
Unscrew the two V-clamp/tangent screw unit mounting screws, then detach the
V-clamp/tangent screw unit.

8. Detaching the trunnion and trunnion bearing

1) Loosen the horizontal-axis adjustment serew until it contacts the trunnion
bearing.

Cross section

ﬁ [} Trunnion-bearing
NN / mounting screw
Allen wrench

=

Horizontal-axis (travel)
adjustment screw

1fE

2) Remove the trunnion-bearing mounting screws.

Trunnion

AN

7

naTE

Trunnion bearing

Trunnion-removing tool
J26270

Trunnion mounting screw

3) Detach the trunnion.

Screw the trunnion-removing tool (J26270) into the hole of the trunnion, then
remove the trunnion.

The combination of the trunnion-removing bolt (J26292) and trunnion-removing
tool (J26212A) used for disassembly of the left support can also be used to
remove the trunnion. Note that for such combined use, pull out the cable at
the center of the trunnion toward the EDM unit before performing the removal
work.
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7-2. Disassembling the Right Column

The anti-splash ring, cover ring, and rubber ring cannot be removed unless the
trunnion is removed.

G

/

Rubber ring Cover ring Anti-splash ring Trunnion Trunnion bearing

When reassembling the trunnion, place the rubber ring over the cover ring, align
the protrusion on the cover ring with the indentation on the main-body guide,
install the anti-splash ring and trunnion on the telescope, then install the
trunnion bearing.

Indentation on the main body

L

Protrusion on the cover ring

¥

Coverring Rubber ring Anti-splash ring Trunnjon Trunnion bearing

e vat
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7-3. Detaching the Upper Main Body from the Base

1. Detaching the main body from the base

1) Use a standard Allen wrench to loosen the hexagonal socket-head bolts on the
main body, then remove the bolts using the special Hex key (J26273).

2) Lift the main body slightly, pull out the cable connected to the center shaft of
the base through the guide hole located at the lower section of the main body,
then lift the main body te detach it.

° Special Hex key
T"’ (J26273)

Guide hole

% Caution on reinstalling the main body
The fastening-lever clamp joint and main-body mounting screws on the center shaft
must be positioned as shown in the diagram at the above left. Pull up a sufficient
length of cable connected to the center shaft from the guide hole located at the
lower section of the main body, then confirm that the cable is not caught between
the main body and center shaft.

oy My
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7-4. Disassembling the Vertical Axle (Leveling Base with Shift
Device)

1. Removing the right and left detector units
% To prevent cable breakage, do not detach the cable guide in this step.

Cable guide

QD4

% The right and left detector units can be distinguished by the number stamped on

the index glass. The index glass for the left column is stamped “QD3.” The
index glass for the right column is stamped “QD4.”

2. Removing the tie band

3. Removing the shift-type leveling base
Remove the leveling-base mounting screws through the fastening-lever hole located
at the center of the leveling base, then remove the leveling base.

o

== Teveling-base mounting

O \ screws
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7-4. Disassembling the Vertical Axle (Leveling Base with Shift
Device)

4. Detaching the vertical axle
Remove the bottom-plate mounting serews, insert the cable located between the

external plug and H brush into the bottom-plate cable guide hole, then lift the
bottom plate while ensuring that the axle and H brush detach simultaneously.

Adjustment
washer

Vertical axle mounting screws (x3) . i ‘

%\ £
T T~
S T
Guide hole™ L __ )
Slip ring ﬁ% H brush
=

C J

Vertical axle — ]

2o £3
W//'/{{)// 7 772777

5. Removing the cable guide , _ = i
[ J

L

¥
N
'% Cable guide “ Caution on reassembling the cable guide
Install the cable routed from the center shaft through
the cable-guide gap at an angle of 30° to 40° from the
index plate. Assembling the
cable at an angle of less 30° to 40°
than 30° may result
in the cable being /
pinched by the main body.

s T2l
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7-4. Disassembling the Vertical Axle (Leveling Base with Shift
Device)

6. Removing the slip ring
Loosen the three slip-ring mounting setscrews, then remove the slip ring.

Slip-ring mounting
screws (x3)

7. Disassembling the vertical
axle
Remove the center-shaft nut,
then 1ift the outer shaft to
disassemble the vertical axle.
% Be careful not to drop any steel balls.

% Center-shaft tightening
screws (x4}
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7-5. Disassembling the Vertical Axle

1. Removing the right and left detector units
% To prevent cable breakage, do not detach the cable guide in this step.

Cable guide

QD4

% The right and left detector units can be distinguished by the number stamped on
the index glass. The index glass for the left support is stamped “QD3.” The
index glass for the right support is stamped “QD4.”

2. Detaching the bottom cover

Bottom cover

™ od
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Disassembling the Vertical Axle

Removing the bottom-plate-cover mounting screws
The cable routed between the brush and external plug on the bottom plate cover is
secured to the bottom plate with a tie band. In this step, remove the screws, but do

not detach the bottom-plate cover.
Bottom plate cover
mounting screw x3

r 1

\ Q@U /

| L)

Bottom-plate cover

Detaching the bottom plate
Remove the three bottom-plate mounting serews located on the outside of the bottom
plate and the three inside vertical axle mounting screws. Use tweezers to gently
press and hold the brush (visible from the bottom-plate side), then lift the bottom
plate.

Botlom-plate muunting screw
(Hexapona) Sacket Head Screw) x 3

Bottom plate

e [

B ]

Teflon washer——"" —— H-brush
Slip ring—""" ===

(e 1

Venijcal axie ———

L R e ———D ..}

pd
(T 77 7 Z BT 7T 7D
j—]

o~

==
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7-5. Disassembling the Vertical Axle

5. Removing the tie band

6. Removing the bottom-plate cover
The external plug and H brush are connected by a cable. This cable must be
disconnected at the soldered section on either side before the bottom-plate cover can
be completely detached. It is not necessary to disconnect the cable unless the
bottom-plate cover must be separated.

7. Removing the cable guide

¥ % Caution on reassembling the cable guide
@ Install the cable routed from the center shaft
~_~— Cable guide through the cable-guide gap at an angle of
i 30° to 40° from the index plate.
Installing the cable at an angle of less than
30° may result in the cable being pinched by
° the main body.

e 30° {o 40°

8. Removing the slip ring
Loosen the two slip-ring mounting screws, then remove the slip ring.

Slip-ring mounting
screws (x2)
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7-5. Disassembling the Vertical Axle

9. Disassembling the vertical axle
Remove the three center-shaft mounting serews, then lift the outer shaft and

encoder unit to remove the center shaft.

G Center shaft mounting screw

Center shaft nut

Outer shaft

— Encoder unit

Center shaft

nrr
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7-5. Disassembling the Vertical Axle

10. Detaching the fastening lever
Remove the fastening-lever retaining plate, then detach the fastening lever and
fastening blocks.

Fastening-lever retaining-plate
mounting screws (x4)

Fastening-lever retaining plate

H fastening lever

W Fastening blocks

Base plate

% Use only the specified oil to lubricate the fastening lever. Using other oil may
result in clamp malfunction.
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7-6. Disassembling the Optical Plummet

When disassembling the optical plummet immediately after 7-5, start from step 2.

1. Removing the subdisplay unit

Display-unit mounting screws E
(x4)

DODDO
0OO00E

I3}
\O

CEEEDD
CEOOOD

\ Optical-plummet mounting screws
(x2)

2. Detaching the optical plummet

From the subdisplay-unit section, remove the optical-plummet mounting screws
from the main body, then pull out the optical plummet.

A=

=4

% The optical plummet must be adjusted after it is reassembling.
Disassembly of the optical plummet is omitted in this manual. Refer to the

repair parts chart when disassembling the optical plummet or when necessary
to study its structure.
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8. Reassembly and Adjustment

The structure is relatively simple, and the product can be reassembled by reversing

the disassembly procedure. Therefore, an explanation of the reassembly procedure
is omitted.

The following primarily describes the reassembly and adjustment procedures that
require tools, for exclusive use.

Some parts may not function if reassembly and adjustment procedures have not
been completed. All procedures must be performed in the sequence described.
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8-1. Gluing the Index

% Only when the index glass is detached is it necessary to glue the index using the
index gluing tool (J26336) as shown below.

1. Gluing the index glass
1) Insert the condenser lens case into the hole of the index gluing tool (J26336).

@ Condenser lens case

Index gluing tool
(126336)

2) Face the condenser lens case to toward the attachment reference surface (i.e.
toward the positioning plate of the index adjustment too).

Positioning plate Reference surface

\

3) Set the index positioning plate firmly against the reference surface of the
condenser lens case, then tighten the clamp screw.

Clamp screw In contact with reference surface

4) With the deposition surface facing up, place the index glass on the condenser
lens case, then press the side marked “QD3” or “QD4” against the index
positioning plate.

Index glass

—
O

L} Qo3
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8-1. Gluing the Index

5) Apply a small amount of instant adhesive (#921) to the contacting surfaces of the
condenser lens case and index glass, then press down for about one minute.

Instant adhesive Index glass

@\

N

¢oa

6) Apply adhesive (#648) to the contacting surfaces (shaded area) of the condenser
lens case and index glass.
% Do not apply adhesive to the reference surface of the condenser lens case in

this step. The reference surface is used for positional adjustment of the
H/V index.

/ Apply adhesive (#649).

..
Q03

L 1

7) Leave the index assembly (condenser lens case and index glass) at room
temperature for 24 hours to allow the adhesive to harden,
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8-2. Positioning the H Index

1. Detach the detector board from the board-mounting support
of the index holder.

2. Place the gap-adjusting liner (t = 0.24 + 0.04 mm) on the
encoder pulse scale,

3. Insert the index assembly into the index holder, then place it
on the index-holder support plate.

= ™)
k Index-holder
E support plate
@ Q@

v j-(— Liner
Index assembly

O

4. Place the index-gap adjuster (J26337H) on the index holder, and secure it to the
index support plate using the fixing screws.
% Use a screwdriver with a wooden handle to tighten the two fixing screws.

? Fixing screw

Index-gap adjuster
(J26337H)

5. Push the sliding plate of the index-gap adjuster against the inclination-adjustment
reference notch on the condenser lens case, then tighten the sliding-plate clamp
screw.

Cross section
% .

Index-gap adjuster
(J26337H)

Reference notch

Sliding-plate clamp
screw

Reference notch

Sliding plate
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8-2. Positioning the H Index

6. Confirm that the index gap-adjusting liner is located between the encoder pulse
scale and index glass. Move the gap-adjusting plate up and down to press the index
assembly firmly against the liner, then tighten the clamp screw. Apply a small
amount of instant adhesive to several locations on the contacting surfaces of the
index holder and index assembly, then allow to dry for one minute.

% Make sure the sliding plate is not tilted by contacting the pulse scale.

Instant adhesive

Gap-adjusting plate
clamp screw

Liner

7. Apply adhesive #648 along the entire contacting edges of the index holder and index
assembly.

Adhesive #648
(perimeter)

8.  Remove the index-gap adjuster (J26337H) and gap-adjusting liner, then leave the
index holder and index assembly at room temperature for 24 hours to allow the
adhesive to fix.
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8-3. Positioning the V Index

The V-index gas adjuster (J26337V) cannot be used to adjust the gap at the upper
index position. If the upper index gap requires adjustment, move the index holder
and index assembly to the lower index mounting position, and then adjust the gap.

1. Insert the condenser lens case into the index holder.

Index assembly V-index gap adjuster

(J26337V)

Index holder

2. Install the index holder to the V-index gap adjuster (J26337V) so that the index-
holder bottom side (Q) firmly contacts the V-index-gap adjuster’s reference surface
(P), and then use the fixing screws to secure the indéx holder to the left column of
the main body.

% Use a screwdriver with a wooden handle to tighten the two fixing screws.

Set the sliding plate (8) of the index gas adjuster firmly on the reference notch (R) of
the index assembly, and then tighten the sliding-plate clamp screw.

Cross section

Gap-adjusting
plate clamp
SCrew

Inclination
reference notch

R, S

Sliding plate T
Sliding-plate clamp screw
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8-3. Positioning the V Index

4. Place the gap-adjusting liner (t = 0.24 + 0.04 mm) on top of the V pulse scale, move
the gap-adjusting plate back and forth to press the index assembly firmly against
the gap-adjusting liner, and then tighten the clamp serews.

Gap-adjusting plate
clamp screw

Liner

5. Apply a small amount of instant adhesive to several locations on the contact surfaces
of the index holder and index assembly. Allow to stand for one minute.
% If the pressing force of the gap-adjusting plate is too weak to hold the liner in
place, hold the index assembly with your fingers until the instant adhesive
hardens.

Instant adhesive

6. Apply adhesive #648 to the entire contact perimeter of the index holder and index
assembly.

Adhesive #648
(perimeter)

7. Remove the index-gap adjuster (J26337V) and liner, then leave the index holder and
index assembly at room temperature for 24 hours to allow the adhesive to fix.
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Gluing the H Pulse Scale

When the H pulse scale has detached from the pulse-scale adapter, use the pulse-
scale gluing tool (J26309) and glue the parts as shown below.

Preheating

Thoroughly clean the pulse scale, pulse-scale adapter, and pulse-scale gluing tool
(J26309), then place them on a hot plate and heat at a temperature of approximately
40°C for 30 to 60 minutes. The following procedure must be performed while the
parts are heated on the hot plate.

Place the pulse-scale adapter on top of the ring on the receiving side of the H pulse-
scale gluing tool (J26309).
Gluing tool (J26309)

l%_b/ Ring on the receiving side

T Adapter
ANt EREHin]

Apply a thin coat of adhesive #622) to the section (shaded area) outside the groove
on the perimeter of the pulse-scale adapter.

Adhesive #622

\ o ©
G

"."ulﬂl.llllmﬂ""'“"‘

With the scale surface facing up, position the pulse scale so that the centering
adjustment lines align with the holes for the pulse-scale adapter fixing screws.
Then tighten the retaining ring of the pulse-scale gluing tool.

% It is not necessary to precisely align the adjustment lines on the pulse scale with
the centers of the holes in the adapter. This procedure matches the pulse-scale
adapter fixing screws with the direction of motion of the adapter for easier
centering adjustment.

Hole for the adapter fixing
sCrew

<~ Line for centering
adjustment

Pulse scale
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Gluing the H Pulse Scale

Leave the pulse-scale assembly (pulse scale and pulse-scale adapter) at room
temperature for 24 hours to allow the adhesive to harden.
% After bonding, centering must be performed.

Scale surface

Adapter

H pulse-scale gluing tool
(J26309)
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8-5. Gluing the V Pulse Scale

% When the V pulse scale is detached from the pulse-scale adapter, use the pulse-scale
gluing tool (J26334) and glue the parts as shown below.

% Preheating
Thoroughly clean the pulse scale, pulse-scale adapter, and pulse-scale gluing tool
(J26334), then place them on a hot plate and heat them at a temperature of
approximately 40°C for 30 to 60 minutes. The following procedure must be
performed while the parts are being heated on the hot plate.

1. Place the pulse-scale adapter on top of the ring on the receiving side of the V pulse-
scale gluing tool (J26334).

gy 4—— Pulse-scale adapter
IIHHIHHHHH“H[Hllm

Gluing tool (J26334)
Holder on receiving side

2. Apply a thin coat of adhesive #622) to the section (shaded area) outside the groove
on the perimeter of the pulse-scale adapter.

Adhesive #6292

V pulse-scale adapter

3. With the scale surface facing down, position the pulse scale so that the tool hole for
assembling of the trunnion-bearing fixing screws is aligned with the center of the
stamped pulse-scale number, and that the centering adjustment lines and adapter
fixing screws are aligned in a straight line, then tighten the retaining ring of the
pulse-scale gluing tool.

% If the pulse scale is installed upside down, zero-signal adjustment cannot be
performed.

Centering adjustment line

Pulse-scale adapter
fixing screw

Tool hole for installation of

trunnion-bearing fixing screws Stamped pulse number
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8-5. Gluing the V Pulse Scale

4. Leave the pulse-scale assembly (pulse scale and pulse-scale adapter) at room
temperature for 24 hours to allow the adhesive to harden.
% After bonding, centering must be performed.

VT%—&: %3222

Scale surface V pulse-scale gluing tool
(126334) '
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8-6. Centering the H Pulse Scale

The following describes the procedure for installing the tool necessary to adjust the
pulse scale.

Single-axis type: Vertical axle that has its pulse scale fixed on the bottom plate and
cannot rotate on its own.

1. Install the centering adjustment stand
(J26261) on top of the vertical axle (the vertical
axle is shown upside down in the diagram to
the right).

2. Attach the centering adapter (J26261A) to the
scale centering tool (HXA20307) and mount the

centering adapter on the centering adjustment ,/‘m‘ . . 'M’\,
stand (J26261). L LD

Position the centering adapter so that the two P ,
microscopes of the scale centering tool [ l

(HXA20307) are aligned in a straight line with
the stamped line on the pulse scale. | |

3. Using the four centering-adjustment lines, E ﬁg;ﬁ!gd:?ff ;2%{32;1)

center the pulse scale.

Shghtly loosen the pulse-scale adapter fixing

screws. Place a plastic dowel against the

adapter and tap it using a wooden hammer to Stand (J26261)

adjust the centering of the pulse scale.

Ensure accurate centering by confirming
that the outer diameter (C) of the pulse

scale does not fluctuate. L mns, = gz
Centering adapter
: (J26261A)
Enlarged diagram i
_ C Scale centering adjuster
(HXA20307)

l
!

Encoder pulse-scale fixing
screw

Pulse scale
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8-6. Centering the H Pulse Scale

If the work is difficult to perform due to the absence of the clamp fine-control mechanism
on the vertical axle, attach the centering adjustment adapter (J26262) and centering-
adjustment adapter guide (J26338). This makes it easier to align the centering
adjustment lines on the pulse scale with the eyepiece scale on the centering adjustment
tool (FHIAX20307). Tighten the clamp screw on the centering-adjustment adapter guide.
When the fine-adjustment screw on the centering adjustment adapter is turned, the
pulse scale rotates very slowly within the preset range.

4. Attach the guide cylinder of the centering adjustment guide (J26338) to the slip-ring
mounting section of the center

shaft nut, then secure it in place
using the two slip-ring mounting
SCrews. .
5. Mount the clamp section on the
centering adjustment guide v
(J26338). Centering adjustment guide

Guide cylinder (J26338)

\n—-'
Centering adjustment guide (J26338) ﬂ
Clamp section

Set screws (x 2)

Centering adjustment
adapter (J26262)

Fine control \

6. Attach the fine-control section to the guide
cylinder of the centering adjustment adapter
(J26262), and then secure it in place using the
three set screws. Tighten the clamp screw on
the centering adjustment guide. When the fine-
adjustment screw on the centering adjustment
adapter is turned, the pulse scale rotates very
slowly.
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Centering the V Pulse Scale

Remove the lead wires of the LED on the V upper/lower-index sections at the
soldered sections.
Before disconnecting, record the cable color, connecting location, and polarity to

facilitate reassembly.
i E Red {(-)
White (+)

The index glass for the upper index is stamped “QDD4.
The index glass for the lower index is stamped “QD3.”

Detach the index holder.

M

['{eh]

5", |

Adjust the pulse-scale centering using the four centering-adjustment lines.

Slightly loosen the pulse-scale fixing screws. Place a plastic dowel against the

adapter and tap it using a wooden hammer to adjust the centering of the pulse scale.

Ensure accurate centering by confirming that the outer diameter (C) of the pulse
scale does not fluctuate.

Enlarged diagram

C

Pulse scale
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8-8. Adjusting the Optical Plummet

1. Position the main body on the collimator stand.

2. Mount the optical plummet on the main body.
Insert the optical plummet so that the flat surface of the front-end prism faces the
base, push it in the direction indicated by arrow A until it stops, then pull back
1 mm in direction B. Position one of the adjuster screws at the top, then loosely
tighten set screws D and E.

A=>B
— )
@)

Top view

& :

- Adjuster screw

<4— Eyepiece lead screw

)

Focusing ring

3. Rotate the eyepiece lead screw to focus on the reticle of the optical plummet.

4. Rotate the focusing ring to focus on the infinite-distance crosshairs of the plummet
collimator.

5. Rotate the leveling screw to align the center of the plummet-collimator erosshairs
with the center of the optical-plummet reticle.

\‘@ﬂ_/

(I, (I

/[Z’__J,J l | ]

Leveling screw
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Adjusting the Optical Plummet

Rotate the main body by a half-turn.

If the center (C) of the collimator crosshairs is offset from the reticle center (O).of the

optical plummet, correct it by the following way. First, using the leveling screw,

align point C with point P, which is half the offset distance. Then, align point P,

which is now aligned with point C, with point O using the adjustment screw of the

optical plummet.

% If there is excessive sideways offset, correct it by rotating the entire optical
plummet in the direction indicated by arrow R in the diagram. Lock the
sideways adjustment screw of the optical plummet to the center of the
adjustment range. Use this adjuster screw to perform fine adjustment.

* Rotate the main body by a half-turn and repeat the procedure until point C is

exactly aligned with point O.

O C

P
|

o LCor e

Rotate the focusing ring of the optical plummet to focus on the near-distance (1.2 m
or 0.3 m) crosshairs.

Repeat steps (4) through (6) for near-distance adjustment.

% Only the vertical offset can be adjusted for the near distance. Adjust the
vertical offset by moving the optical plummet in direction A or B (pulling out or
pushing in).

% Be sure to tighten set screws D and E following the adjustment.
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9. Electrical Adjustment

% Wear an anti-static wristband and perform work on an anti-static mat.

* To ensure accurate adjustment of the frequency and phase of the zero signal (Hz and
Vz) for the main encoder signals (HO and H90, VO and V90), observation must be
conducted using a stationary waveform.

This requires the use of a storage oscilloscope.

* If external light other than the light from the LED enters the detector unit, the
waveform may change, resulting in inaccurate adjustment. To prevent this, place a
dark cover of suitable size (e.g., black cloth) over the detector unit when making an
adjustment. :

* Some H/V encoder adjustments require use of the tool card. Be sure to adjust all
items in accordance with the instructions given in Section 10.



9-1. Adjusting the H Encoder
Adjusting the H-encoder amplitude and phase

1.

Connecting the circuit boards and tools

RH-0024. A

Connect the H detector, CPU board, display unit, zero signal checker, signal checker,
power cable, and EDM adjuster as shown in the diagram below.

CPU bhoard

Signal cable
(J26317)

Signal checker

{J26335)

R

H encoder

4

i
AN

%@

-]

e

N

Zero signal
checker
(J26293)

Power cable G
\J26293G}

Z?
A o

Power cable D
{J26233D}

My (N

Tt
il
LR

0 oo ||

BT
IEEIEI N

i

ol
L 3 ¢

o

Goray y?r

L Y-outagy

0O,

ot
EDM adjuster
ov W (J26196New)
1G4 PORER SOURCE
oax 1.3 @
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Adjusting the H Encoder

* Be sure to place a dark cover (e.g., black cloth) over the detector unit when adjusting

Connect to P7 or P8 WF—-—% TPy Q = 7F cre
on the CPU board. \;\ro——éﬁ—C\\

the encoder.

Set the oscilloscope.

Input mode: AC (for both CH1 and CH2)
Sweep time: X-Y

Voltage range: 500 mV (for both CH1 and CH2)

Connections:
CH1 — TP2 (HO) on signal checker (J26335)
CHZ2 — TP3 (H90) on signal checker (J26335)
GND — TP5 (GND) on signal checker (J26335)

Turn on the power switch of the EDM adjuster and set the voltage between 7 V and

8 V (a DC stabilized power supply may be used).

% Connect one connector of the signal checker (J26335) to the H detector and
connect the other connector as described below.

When one connector is connected to the left detector board (for adjustment of the
left index), connect the other connector to P7 (HL) on the CPU board.

When one connector is connected to the right detector board (for adjustment of
the right index), connect the other connector to P8 (HR) on the CPU board.

Signal checker. (J26335)

/,O,_*.Qi(\/m‘\ cm——{_F cn

GND

e

L] o o ]
“QD3” stamped on index “QD4" stamped on index

glass ﬁﬂ:[g‘) glass

H encoder

% Make sure the “QDS” indication on the index glass is on the left and the “QD4”
indication is on the right when the fastening-lever clamp shaft is positioned
toward you.
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9-1. Adjusting the H Encoder

4. While rotating the center shaft, move the index holder to adjust the Lissajous
waveform displayed on the oscilloscope.
% Be sure to place a dark cover (e.g., black cloth) over the detector unit when
observing a waveform.
% Confirm that when the center shaft (index) is rotated slowly clockwise in the
direction indicated by arrow R, the luminous spot of the signal draws a Lissajous
waveform in a counterclockwise direction as shown in the diagram below.

Luminous
P spot

% Adjust the phase shift so that the Lissajous waveform has the largest diameter
and is closest to being a perfect circle.
(Maximize the amplitude of the 0° and 90° signals and adjust the phase shift to
as close to 90° as possible.)
Phase standard: 90 + 10°

Waveform observed when the phase is shifted by 10° from the 90° position

5. Adjust VRS on the detector board so that the diameter of the Lissajous waveform is
1502V,
Turning VR3 extends or compresses the Lissajous waveform vertically.
Amplitude standard: 1.5 £ 0.2 Vpp

~ r'L'/\\‘
}
e N
Pecee® SSFF
! 500mY/Div,
YRS VR3S

3% 0.4Div,
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Adjusting the H Encoder

Set the oscilloscope.

Input mode:  DC (CH1) 3 i
Sweep mode: CH1 |
Sweep time: 2 mV/div, f
Voltage range: 1 V/div. A \

2

Connections:

CH1 — TPG (GND) on the CPU board
CH2Z — TP5 on the signal checker (J26335) Dﬂ
There is no 1/2-Vec (2.5 V) test pin on the CPU
board. Therefore, use the above connections to i, "
obtain the reference voltage. g A U
e U

CPU board

Turn the CH1 Vertical knob on the oscilloscope to bring the sweep to 2.5 V below the
centerline of the oscilloscope screen.

Screen centerline

2.5Div. 'S s e s s iy Sy Ry e

IV/Div,

Connect the CH1 probe to TP2 on the signal checker (J26335).
Turn the center shaft (index) to display the HO sine wave on the oscilloscope screen.
Adjust V1 to divide the waveform as evenly as possible across the centerline (Al =
A2).

DC offset standard: 2.5 £ 0.15 V

LA FanY T
A2 A _ N
Centerline (Ref. 1/2Vcc) F k_ Yi \
z.svl Aly \\¥2 {7
ov ———F-f--1-1--}-4-4-4-4-1-

(©

g

o
.\J@@@@@
[\

YRZ VRI

@ 1¥/Div.
o

Adjust VR1 and VR2 to achieve A1 = A2,

Fa¥al
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9-1. Adjusting the H Encoder

9. Connect the CH1 probe to TP3 on the signal checker (J26335) and adjust the H90
sine wave using VR2 by following steps 6 through 8.

10. Upon completion of adjustment of the left (right) index, adjust the opposite index by
following steps 1 through 9.

Adjustment of the H-encoder zero signal

11. Connect the CPU board and tool
1) Connect the signal cable (J26317).
Connect one connector of the signal cable to the zero signal checker (J26293) and
connect the other connector as described below.
% When this adjustment is made following the previously described
adjustment, keep all cables other than the signal cable (J26317) connected.

) ER d QP
Signal cable /'Zafue X0~ ; Pii
(126317) ﬁ‘fﬂ]luw-ﬁﬁ-—l &
‘P12
Y b

Zero d
signal checker
(J26293)

Power cable D

(J26293D) ' CPU board

For adjustment of the left index:
P11 on the CPU boardPin 1 — Red cable (HO) of 26317
P11 on the CPU boardPin 2 — Blue cable (H90) of J26317
P11 on the CPU boardPin 3 — Yellow cable (Hz) of J26317

For adjustment of the right index:
P12 on the CPU boardPin 1 — Red cable (HO) of J26317
P12 on the CPU boardPin 2 — Blue cable (H90) of J26317
P12 on the CPU boardPin 3 — Yellow cable (Hz) of J26317
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9-1. Adjusting the H Encoder

12. Set the oscilloscope.
Input mode: DC
Sweep mode: CHOP
Sweep time: 2 mSec/div.
Voltage range: 2 V/div.
Adjust the phase and frequency of the zero signal (Hz) for the main signals (HO
and H90) by storing the signals.
Set the oscilloscope so that the CH2 up-edge signal can be stored.

Connections:
CH1 — NOR on the zero-signal checker (J26293) ﬂﬁ D 81 Nor
CH2 — Vz on the zero-signal checker (J26293) ﬁ 8! v,
GND — GND on the zero-signal checker (J26293) @ﬂﬂ;_%) s | e
d o

J26293

13. Adjust the zero signal.
% When adjusting the left index (marked “QD3” on the index glass), adjust using
the zero signal for the pulse scale marked with a pulse number.
% When adjusting the right index (marked “QD4” on the index glass), adjust using
the zero signal for the pulse scale not marked with a pulse number.

1) With the index holder positioned above the H-encoder zero signal, turn the
center shaft repeatedly in the R and L directions so that the zero signal can be
continuously monitored on the oscilloscope.

Index holder

Zero signal Pulse-number indication

Encoder pulse scale
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9-1. Adjusting the H Encoder

2) Store (record) the rectangular waveforms for the H-encoder compound signal
(NOR) and zero signal (Hz). Adjust VR4 on the detector board so that the Hz-
signal width (Z) matches the wavelength (360°) of the compound signal.

Zero signal Hz
Compound signal NOR

e Oe
@@?@@)

360¢"

VR4

% Adjustment is complete when the Hz up-edge signal is between P and Q on the
compound signal and the down-edge signal is between R and S on the compound
signal in both R and L rotation directions.

When the zero-signal (Hz) up-edge and down-edge signals are not located between P
and Q and between R and S, respectively, as shown in the diagram, move the H
index holder in the directions indicated by arrows A and B, a little at a time, to
adjust the up-edge and down-edge signals properly.

Examples of signals requiring adjustment

R rotation direction

P Q R s
Hz
NOR
L rotation direction
P Q R S

Hz
NOR
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9-1. Adjusting the H Encoder

Upon completion of adjustment of the left (right) index, adjust the opposite index by
following steps 1) and 2).

A .
T TN

2 o 0o g

J| L&

] @

e/

% As in the L rotation direction, if the zero up-edge and down-edge signals are not
located between P and Q and between R and S, respectively, a measuring angle
error of 80” or 40” may be generated.

If the index is moved, repeat the signal checking and adjustment procedures
starting from step 4 in Section 9-1.

When J26293 is not available for use, make adjustments using the method described
on the following pages.
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9-1. Adjusting the H Encoder

% Be sure to place a dark cover (e.g., black cloth) over the detector unit when observing
a waveform. Set the oscilloscope as described in step 12, Section 9-1.

14. Adjusting the zero signal without using J26293

1)

2)

Oscilloscope connections

For adjustment of the left index:

CH1 — P11 Pin 1 (HO) or Pin 2 (H90) on the CPU board
CH2 — P11 Pin 3 (Hz) on the CPU board

GND — TPG on the CPU board, or TP5 on J26335

For adjustment of the right index:

CH1 — P12 Pin 1 (HO) or Pin 2 (H90) on the CPU board
CHZ — P12 Pin 3 (Hz) on the CPU board

GND — TPG on the CPU board, or TP5 on J26335

When adjusting the left index (marked “QD3” on the index glass), adjust using
the zero signal for the pulse scale marked with a pulse number.

When adjusting the right index (marked “QD4” on the index glass), adjust using
the zero signal for the pulse scale not marked with a pulse number.

With the index holder positioned above the H-encoder zero signal, move the
index holder while turning the center shaft.

Move the center shaft in the R and L directions so that the index holder passes
over the zero-signal position repeatedly and the zero signal is continuously
monitored on the oscilloscope.

Index holder Zero signal Pulse-number indication

Encoder pulse scale
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9-1. Adjusting the H Encoder

Adjust VR4 on the detector board so that the Hz-signal width (Z) matches the
wavelength (360°) of HO.

HO ——

HS 0

% Make sure Hz rises at HO (H90) LOW and falls at LOW in both the R and L
directions of the index rotation.

When the signal is checked using HO (FI90), be sure to check using H90 (HO).

- R rotation direction

o B

H90

————

Hz

L rotation direction

HO

g

HS 0——

LOW level

A A
r

- LOW level

Fa¥al
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Adjusting the H Encoder

If the HO and H90 signals rise at LOW in the first cycle and do not fall in the second
cycle, move the index holder in the direction of arrow A, a little at a time, to adjust
the signals within the LOW range.

If the index is moved, repeat the Lissajous waveform checking and adjustment
procedures starting from step 2 in Section 9-1.




9-2.

RH-0024. A

Adjusting the V Encoder

Connect the circuit boards and tools.
Connect the V detector, CPU board, display unit, zero signal cheker, signal checker,
power cable, and EDM adjuster as shown in the diagram below.

Signal checker
(126335)

-7

\ _ __.-"—‘l i‘ p\:_,
\a—-——-— 5 l“"'“:]\
! =S

CPU board

\

Signal cable
(J26317)

(&ﬂ"Dﬁ
AP/

—|

Zero
Power cable G signal checker
{J262936) (J26293)

8

EDM adjuster
(J26196New)

e
e ¢ L
q’:@ gﬁ 8 (g ® . 3 2028 seUACE

ﬁ Power cable D
(1262930 ) L

V-CuTAyT
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Adjusting the V Encoder

Be sure to place a dark cover (e.g., black cloth) over the detector unit when adjusting
the encoder.

Set the oscilloscope.

Input mode:  AC (for both CH1 and CH2)
Sweep time: X.Y

Voltage range: 500 mV (for both CH1 and CH2)

Connections:
CH1 — TP2 (V0) on signal checker (J26335)
CHZ — TP3 (V90) on signal checker (J26335)
GND — TP5 (Vz) on signal checker (J26335)

Turn on the power switch of the EDM adjuster and set the voltage between 7 V and

8 V (a DC stabilized power supply may be used).

O Connect one connector of the signal checker to the V detector, and connect the
other connector as described below.

When one connector is connected to the lower detector hoard (for adjustment of
the lower index), connect the other connector to P9 (VL) on the CPU board.
When one connector is connected to the upper detector board (for adjustment of
the upper index), connect the other connector to P10 (VR) on the CPU board.

=

A M

Connect to the

P9 or P10 LN
connector on \
).

the CPU board.

GHD

While rotating the telescope, move the index holder to adjust the Lissajous

waveform displayed on the oscilloscope.

% Be sure to place a dark cover (e.g., black cloth) over the detector unit when
observing a waveform.

% Confirm that when the telescope (pulse scale) is slowly rotated clockwise in the
direction indicated by arrow R, the luminous spot of the signal draws a Lissajous
waveform in a clockwise direction as shown in the diagram below.

P Luminous |
spot

Falal
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9-2. Adjusting the V Encoder

% Adjust the phase shift so that the Lissajous waveform has the largest diameter and
is closest to being a perfect circle,
(Maximize the amplitude of the 0° and 90° signals, and adjust the phase shift to as
close to 90° as possible.)
Phase standard: 90 + 10°

Waveform observed when the phase is
shifted by 10° from the 90° position

5. Adjust VRS on the detector board so that the diameter of the Lissajous waveform is

1.5+ 0.2V. Turning VR3 extends or compresses the Lissajous waveform vertically.
Amplitude standard: 1.5 £ 0.2 Vpp

= | e |
{1
r

x " -”'*\~§\

1.5Vpp (\ :

¢ —* 7

o
500mV¥/Div, 1
3+ 0.4Div.

VR5 VR3

6. Set the oscilloscope.
Input mode: DC (CHI) L3
Sweep mode: CHI1
Sweep time: 2 mV/div.

N —

Voltage range: 1 V/div. g D g

Connections: ' P L& ,r_-;ﬂ_J
CH1 - TPG (GND) on CPU board N ==
CH2 — TP5 on signal checker (J26335) CPU board

There is no 1/2-Vee (2.5 V) test pin on the CPU board.
Therefore, use the above connections to
obtain the reference voltage.

7. Turn the CH1 Vertical knob on the
oscilloscope to bring the sweep to 2.5
V below the centerline of the
i1l screen.
oscilloscope n 2 s, W

Screen centerline

1W/Div,
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9-2. Adjusting the V Encoder

8. Connect the CH1 probe to TP2 (V0) on the signal checker (J26335).
Turn the telescope (pulse scale) to display the VO sine wave on the oscilloscope
screen.
Adjust V1 to divide the waveform as evenly as possible across the centerline (Al =
A2).
DC offset standard: 2.5 £0.15V

™
L/
™
|/
N
L/

/

A2

Centerline (Ref.1/2Vcc) ; A \ A
\

1¥/Div.

Adjust VR1 and VR2 to achieve
Al=A2

9. Connect the CHI probe to TP3 (V90) on the signal checker (J26335), and adjust the
V90 sine wave using VR2 in the same way as described in 7.

Adjustment of the V-encoder zero signal
10. Connect the CPU board and tool.

1) Connect the signal cable (J26317).
Connect one connector of the signal cable to the signal checker (J26293), and
connect the other connector as described below.
For adjustment of the lower index
P13 on CPU boardPin 1 — Red cable (VO0) of 436317
P13 on CPU boardPin 2 — Blue cable (V90) of J36317
P13 on CPU boardPin 3 — Yellow cable (Vz) of J36317

For adjustment of the upper index
P14 on CPU boardPin 1 — Red cable (VO) of J36317
P14 on CPU boardPin 2 — Blue cable (V90) of J36317
P14 on CPU boardPin 3 — Yellow cable (Vz) of J36317

% When this adjustment is made following the previously described adjustment,
keep all cables other than the signal cable (26317) connected.
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9-2. Adjusting the V Encoder

11. Set the oscilloscope. e N\
Input mode: DC @-:) EEQ
Sweep mode: CHOP — O
Sweep time: 2 mSec/div. TJ [: ﬂ
Voltage range: 2 V/div. = D G‘-“-:’ ‘
Connections: E @M

CH1 — NOR on zero-signal checker (J26293) P14 l'aﬁ 3
CH2 — Vz on zero-signal checker (J26293) p13 ey F

GND — GND ¢on zero—_signal checker (J26293) ﬁ,l ézé l 9

Q@ 8| noR
ﬁ 8 vz
4 == | Gud
& o 3

Adjust the phase and frequency of the zero signal (Hz) for the main signals (HO
and H90) by storing the signals.

Set the oscilloscope so that the CH2 up-edge signal can be stored.

12. Adjust the zero signal.
% When adjusting the lower index (marked “QD3” on the index glass), adjust using
the zero signal for the pulse scale marked with a pulse number.
% When adjusting the upper index (marked “QD4” on the index glass), adjust using
the zero signal for the pulse scale not marked with a pulse number.

A A

Pulse-number
indication

Zero signal -~
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9-2. Adjusting the V Encoder

1) Rotate the telescope to position the V pulse-scale zero signal below the index,
then turn the telescope repeatedly in the R and L directions so that the zero
signal can be continuously monitored on the oscilloscope.

2) Store (record) the rectangular waveforms for the V-encoder compound signal
(NOR}) and zero signal (Vz). Adjust VR4 on the detector board so that the Vz-
signal width (Z) matches the wavelength (360°) of the compound signal.

A

Vz
NOR

360"

% Adjustment is complete when the Vz up-edge signal is between P and Q on the
compound signal and the down edge signal is between R and S on the compound
signal in both the R and L rotation directions.

Examples of signals requiring adjustment

R rotation
direction

Va
NOR

L rotation
direction P Q R 5

Vz
NOR
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9-2. Adjusting the V Encoder

3) When the zero-signal (Vz) up-edge and down-edge signals are not located

between P and Q and between R and S, respectively, as shown in the diagram,
move the V index holder in the directions indicated by arrows A and B, a lLittle at
a time, to properly adjust the up-edge and down-edge signals.

Upon completion of adjustment of either the lower or upper index, adjust the
opposite index starting from step 1 in Section 9-2,

% Asin the L rotation direction shown above, if the zero signal is not located

between R and S, a measuring-angle error of 80” or 40” may be generated.

If the index is moved, repeat the signal checking and adjustment procedures
gtarting from step 2 in Section 9-2.

When J26293 is not available for use, make adjustments using the method
described on the following pages.

13. Adjusting the zero signal without using J26335

% Be sure to place a dark cover (e.g., black cloth) over the detector unit when

Y

observing a waveform. Set the oscilloscope as described in step 11, Section 9-2.

Oscilloscope connections
For adjustment of the lower index
CH1 — P13 Pin 1 (V0) or Pin 2 (V90) on CPU board

‘CH2 — P13 Pin 3 (Vz) on CPU board

GND — TPG on CPU board, or TP5 on J26335

When adjusting the lower index (marked “QD3” on the index glass), adjust using
the zero signal for the pulse scale marked with a pulse number.

Pulse-number
indication

Zero signal-~“



RH-0024. A

9-2. Adjusting the V Encoder

For adjustment of the upper index
CH1 — P14 Pin 1 (V0) or Pin 2 (V90) on CPU board

CHZ — P14 Pin 8 (Vz) on CPU board
GND — TPG on CPU beard, or TP5 on J26335

% When adjusting the upper index (marked “QD4” on the index glass), adjust
using the zero signal for the pulse scale not marked with a pulse number.

2) Rotate the telescope to position the V pulse-scale zero signal below the index,
then turn the telescope repeatedly in the R and L directions so that the zero
signal can be continuously monitored on the oscilloscope.

Pulse-number
indication

Zero signal A4

Adjust VR4 on the detector board so that the Vz-signal width (Z) matches the
wavelength (360°) of V0.

Vo —

Voo

% Make sure Vz rises at VO (V90) LOW and falls at LOW in both the R and L,
directions of the index rotation. When the signal is checked using VO (V90),

be sure to check using V90 (V0).
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9-2. Adjusting the V Encoder

R rotation direction

L rotation direction

| ' —_

1

1
VO i

i l
V9 gt :
] i

i i |

Vz [ SOV

Vo —
V9o
] Py
Ve — :
LOWlevel | | LOW level
~1 T~

If the VO and V90 signals rise at LOW in the first cycle and do not fall in the
second cycle, move the index holder in the direction indicated by arrow A, a little
at a time, to adjust the signals within the LOW range.

If the index is moved, repeat the signal checking and adjustment procedures
starting from step 4 in Section 9-2.
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Adjusting the Tilt Sensors

The tilt sensors (automatic inclination compensation devices) are devices that
automatically correct the inclination of the vertical axle within the specified angle
(#3") from the vertical position, and display the correct angle.

The X-axis tilt sensor automatically corrects horizontal tilt error and displays the
correct horizontal angle for at least two targets with different angles of elevation
when tilted to the right or left within the specified angle (+8’) in the collimating
direction of the telescope.

The Y-axis tilt sensor automatically corrects vertical tilt error and displays the
correct vertical angle when tilted in a longitudinal direction within the specified
angle (£3’) in the collimating direction of the telescope.

Vertical and horizontal errors are corrected based on the tilt-sensor compensation
factors stored in the memory of the CPU board.

The tilt sensors are operative when “2 axes” or “1 axis” is selected for the tilt
compensation in the initial setting (see the Operation Manual).

The compensation factor is specific to individual tilt sensors, and is indicated on the
label attached to each tilt sensor.

The internal operating function of the tilt sensors changes over time, and may
prevent the initial compensation factors from providing proper compensation. -

Tilt-sensor
compensation
factor

Example: Y tilt sensor

The compensation factors can be read from the factory-setting data through the use
of the tool card (J26340). In the cases specified below, appropriate compensation
factors must be written to the memory of the CPU board.

1) When the tilt sensors are replaced — Write new compensation factors,

2) When the internal function of the tilt sensors has changed over time and
prevents proper compensation — Calculate the appropriate values and rewrite
the compensation factors.

3) When the CPU board is replaced —» Write the compensation factors indicated on
the tilt sensors to the memory.

For the calculation of compensation factors, refer to Section 9-4.

If the tilt sensors are not properly adjusted or if the compensation factors are not
written to the memory of the CPU board, the automatic compensation function does
not function properly.

™~ -
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9-3. Adjusting the Tilt Sensors

When the tilt sensors are moved or replaced, adjust the electrical signals as
described below.

Use a fully charged internal battery as the power source.

1. Connect the tilt sensors, circuit board, and tool. Cover the CPU bhoard with a
plastic bag to prevent it from contacting the main body.
Mount the main display unit on the main body.

8 7
o @ ©

Sy

Y tilt sensor

Pl& A8 L ﬂJg

o
CPU hoard
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9-3. Adjusting the Tilt Sensors
Adjustment of the Y tilt sensor

2. Mount the device on the collimator stand and
adjust the leveling as precisely as possible.

3. Set the oscilloscope. //
Input mode: ACor DC

Sweep time: CHOP
Voltage range: 1V

4, Connect the oscilloscope.
CH1 — TP54 on CPU board
GND — TPG on CPU board

TP5S &

CPU board

5. Turn on the power switch of the device.
If the tilt sensor is inclined relative to the main-unit level, the oscilloscope screen
displays two separate signals (solid line and dotted line), as shown below to the left.
Loosen the tilt-sensor retaining screws and incline the tilt sensor in the direction
indicated by arrow A so that the two signals overlap.
Unless this adjustment is made, the tilt-sensor compensation range will not be
distributed evenly for longitudinal tilt.

Following
adjustment
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9-3. Adjusting the Tilt Sensors
Adjustment of the X tilt sensor

6. Mount the device on the collimator stand and adjust the leveling as precisely as
possible.

7. Connect the oscilloscope.

)
=
8. Turn on the power switch to the device.

If the tilt sensor is inclined relative to the /%]

CH1 — TP55 on CPU board s
GND — TPG on CPU board 4

=)
main-unit level, the oscilloscope screen
displays two separate signals (solid line and

1 I
L If
dotted line), as shown below to the left. / E E LE

Loosen the tilt-sensor retaining screws and TPS‘@
incline the tilt sensor in the direction | I )
indicated by arrow A so that the two signals 0
overlap. gﬁ
Unless this adjustment is made, the tilt- (]
sensor compensation range will not be

distributed evenly for longitudinal tilt. [—TT’
=R

"l..\
Ty

Following
adjustment

N
e Lo e
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Calculating the Tilt Sensor Compensation Factor and
Correction Value

X-axis tilt sensor

When the vertical axle is inclined at an angle 8

to the right of the collimating direction of the P
telescope 7 Te
O: Center of telescope (intersection point of B
collimating line and horizontal axis) g~ & i
OA.: Collimating line with telescope positioned / ‘x A
horizentally <aH B Il;Ilgx;Eontal

OB: Located on plane @ at an angle 6 from
plane P based on collimating line set by
rotating telescope by an angle of o

B’:  Projection of point B on horizontal plane

According to the above, the horizontal angle Plummet

deviation of OB from OAis AH. rotor

\

o Horizontal axis

=)

For example, when the device is collimated on A, collimating on B by rotating the
telescope after the horizontal angle is zero-reset should indicate a horizontal angle
AH. However, the deviation in this example results in an indication of “0” (because
the main body is not moved). In other words, an error AH is generated in the
horizontal angle. (AH varies in accordance with 6 and o)

The following describes the procedure for checking whether the compensation factor
stored in memory is appropriate and the procedure for calculating and storing the
correct compensation factor if it is found to be inappropriate.

Note the following points before starting work:

1
2)
3)
4)
5)
6)

Electrical adjustment of the tilt sensor must be complete.

Tilt-sensor compensation: 2 axes

Display resolution: Minimum display angle

The vertical tamgent screw must be positioned at the center of the movement range.
The right and left side covers must be attached.

Copy a transparent plastic ruler (1 mm scale) on a sheet of white paper. Place the
rear side of the ruler on the photocopier when copying.

The scale copied onto paper will hereinafter be referred to as the “copied scale.”

[
]
PP
-
N vt
— - —
= -3
- = I
wW = P v
— i 30
- =
— 9"/-‘\ « .ﬂ’
- — ~ 3.
A= b
= 023
— = "'j
[#] f— =
— g
—_ Pt
- =
m —
- =
-t ——
-
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Calculating the Tilt Sensor Compensation Factor and
Correction Value
Mount the device on the collimator stand.

Rotate and lock the top of the collimator stand so that one of the three leveling

screws (A, B, C) is perpendicular to the optical axis of the collimator (A in the
diagram below).

If the top of the stand does not rotate, lock it by inserting a piece of paper between
the bottom plate of the main body and the top of the stand.

B
o
= — O C
)

A

2. Affix the copied scale to a wall to the right or left of the subcollimator using adhesive

tape.

The copied scale should be positioned further than the minimum focal distance
from the device.

Affix the scale at the same height as the telescope.

Position the scale at approximately 90 degrees to the right or left of the sub
collimator.

/é Collimator
Copied scale [ﬁ\ /’
. Approx. 90° . /6
g

Level the device after adjusting the level as precisely as possible.
Turn on the power switch of the device.

Collimate the collimator (-30°) crosshairs with the telescope in the face left direction.
% Collimating precision can be improved by positioning the vertical collimating
line of the telescope at the midpoint between the collimator’s two lines.

Collimator (+30° )§ ~

Collimator (=~ 30" )

Hlu
ﬁj
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9-4. Calculating the Tilt Sensor Compensation Factor and

Correction Value

6. Reset the horizontal angle to “0.”

Press the key on the keyboard, then press the
When the screen shows the T'S-mode window, press the

horizontal angle.

Main menu

Select TS-mode

TS-mode screen

Press F4 ANG

Horizontal angle
setting screen

Press F1 0 set

Horizontal O set

Return to TS-mode
screen

BASICTS W¥ioa 10054
1 Job Manaqar 6 Format Carg
2Simode ) 7 Edit Data

3 CGommunicalion

8 Check Level

4 Cogo 9 AV] Adjustment

5 Sellings

Jobw SURVEY10 11058 o15/107 Kb Fraas 182 Xb
BASICTS VLD 10;54 K
HA#10Z" 50" 307 Pty L.

VA# 91* 45 200 HEIS00.m ...
SO 267, 493 m || CodelFENCE . _

OSe A

BASIC TSIANG

HA#102* 50 30"

0set Hnpit i Hgld

SASIC TS/ANGIOSET

V1.00 10;54 I

Hat  O* OO QO

iOsetiziput Hol

BASICTS V100

Hag O 00 OO
VA# 91° 45 207
SD: 267.493m

Pty L.
HEIS00 . m .- ..
CodeFENCE. . ..

DSP 1/d

4 | Angle key.
key to reset the

MSR PSP ATRK: ANG - - ALL
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Calculating the Tilt Sensor Compensation Factor and
Correction Value

Collimate the collimator (+30°) crosshairs, then use the horizontal tangent screw to
align the telescope’s collimating line with the collimator’s vertical line.

| Read and record the horizontal angle in this step. HO|

Collimator (+3 0* )§

-

Collimator {—3 ¢ )

Collimate on the copied scale with the telescope positioned horizontally.

Use the vertical tangent screw to align the telescope’s collimating line with an
appropriate scale line.
In this description, assume alignment to the 15-cm mark.

14}

i

S

g1

bl
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9-4. Calculating the Tilt Sensor Compensation Factor and
Correction Value
10. Turn leveling screw A to tilt the telescope by 2’ above the 15-cm mark.

if the distance between the device and the copied scale is D and the distance on the
copied scale corresponding to 2’ is S, the relationship is as shown in the table below.

D (m) 1 2 3 4 5 6

S (mm) 0.6 1.2 1.8 2.4 3.0 3.6
Note that 1 m is not suitable, as the minimum focal point is 1.3 m.

In this description, assume D = 4 m, and thus S = 2.4 mm.

The collimating line of the telescope will therefore be positioned 2.4 mm above the
15-cm mark.

2. 4mm

bl

91 Sl
e

11. Collimate the collimator (-30°) crosshairs with the telescope in the forward direction.
* Collimating precision can be improved by positioning the vertical collimating
line of the telescope at the midpoint between the collimator's two lines.

Collimator (+30¢" )§ -

Collimator (-~30°) .

Z

—
——
Skt

w——

—
——
e——
D &

11. Reset the horizontal angle to “0.”

Press the Angle key.
When the screen shows the TS-mode window, press the key to reset the
horizontal angle.

TS-mode screen AASIC IS Vieo 10;54+ Rt

HAHIQZ S0P 307 (] Py o
Press F4 ANG VvASE 91° 45 20 || HT1500  m oo C.
SD: 267, 493m

D5P i/e
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9-4, Calculating the Tilt Sensor Compensation Factor and
Correction Value

13. Collimate the collimator (+30°) crosshairs, then use the horizontal tangent screw to
align the telescope’s collimating line with the collimator’s vertical line.

| Read and record the horizontal angle in this step. H1]

Collimator (+30* )§ -

Collimator {-30") .

14. Collimate on the 15-cm mark with the telescope positioned horizontally.
Turn leveling screw A to tilt the device down by 4’ (4.8 mm down on the copied

scale).
o g
_— -+
=
- = Y
o0 =3
- wm—t
e

—8
N

15. Collimate the collimator (-30°) crosshairs with the telescope in the forward direction.
% Collimating precision can be improved by positioning the vertical collimating
line of the telescope at the midpoint between the collimator’s two lines.

Collimator ¢(+30° )§ -

— =

Collimator (=3 06" ) .

&

1_1_‘1_1“|||'l’y|u|u|u!
[T
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9-4. Calculating the Tilt Sensor Compensation Factor and
Correction Value

16. Reset the horizontal angle to “0.”

Press the Angle key.
When the screen shows the TS-mode window, press the key to reset the
horizontal angle.

TS-mode screen BASIOTS VLo 1o:54 (I

HA#IgZ‘ Sg’ Sg f!n_; 6T

VA, 1" 45 2 A500.m.L .,

Press F4 ANG ‘so*:* 267, 493 m |] CodelFENCE _ .
pSe i

MSRGRSEVTRKANGEs L o S ALE

Horizontal angle BASIC TS/ANG 10:54 CHER

setting screen HAR102" 50 30

Press F1 0O set e
-inputiHold:,

BASICTS/ANGIOSET V160 10:54 LW
Horizontal 0 set HAZ ©O° 0C OO

“0setizilnpltis Hold -+ s

BASIC TS V100 l0;54C-

. HAfE O 00 00 Prol o ccenoo

Return to TS-mode VAR 91t 4w o0 || M 36 M III.

screen SO: 267. 433 m 1| CodeFENCE ___
ISP 144

MSR-EDEP-TRK:E ANG 0 2 ALL

17. Collimate the collimator (+30°) crosshairs, then use the horizontal fine-adjustment
screw to align the telescope’s collimating line with the collimator’s vertical line.

| Read and record the horizontal angle in this step. H2|

Collimator (+30" )§ -

Collimator {~30°)
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18.

19.
20.
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Calculating the Tilt Sensor Compensation Factor and
Correction Value

Calculate the correction value,
It is not necessary to change the factor if the difference between the maximum
and minimum for HO, H1, and H2 is less than 10",
If the difference exceeds 10”, new factor C must be calculated by applying HO,
H1, and H2 in the equation shown below,
Unit: Seconds
Compensation factor:
el=H1-HO0
e2=H2 - HO

If the copied scale affixed in'step 2 is to the left when looking at the subcollimator

_ 240 + (e2~¢el)
240

If the copied scale affixed in step 2 is to the right when looking at the subcollimator

240 +(el-e2)
240

HC: New compensation factor to be set
HCO: Compensation factor currently set

HC x HCO

HC x HCO

Level the device again and repeat steps 3 through 13.

Write the compensation factor to memory using the tool card (J26340).
For more information, see the section on parameter setting in “Setting Parameters
and Machine Data.”

Qg
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9-4. Calculating the Tilt Sensor Compensation Factor and
Correction Value

Y-axis tilt sensor

The following describes the procedure for checking whether the compensation factor
stored in memory is appropriate and the procedure for calculating and storing the
correct compensation factor if it is found to be inappropriate.

Note the following points before starting work:

1) Electrical adjustment of the tilt sensor must be complete.

2) Tilt-sensor compensation: 2 axes

3) Display resolution: Minimum display angle

4) The vertical tangent screw must be positioned at the center of the movement range.
5) The right and left side covers must be detached.

1. Mount the device on the collimator stand.
Rotate and lock the top of the stand so that one of the three leveling screws (A, B, C)
is perpendicular to the optical axis of the collimator.
If the top of the stand does not rotate, lock it by inserting a piece of paper between
the bottom plate of the main body and the top of the stand.

Collimator C fj
A R
[ > 5.

L

2. Level the device after adjusting the level as precisely as possible.

3. Collimate the collimator crosshairs with the telescope in the face right direction.
The telescope is used in face left in order to align the horizontal lines as
accurately as possible by positioning the collimator’s two lines between the
telescope’s two lines.

lululuhlul
l
3

LU

- e

% If this is performed with the telescope in the face left direction, reverse the + sign for
the compensation factor.

e
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9-4. Calculating the Tilt Sensor Compensation Factor and
Correction Value

4. Turn the vertical tangent screw to align the horizontal collimating line of the
telescope with the +2’ line on the collimator scale.

+2'

lnlﬁ‘ﬁﬁrr_

-

Niiiliii

T nmnm

5. Turn leveling screw A to align the crosshairs as accurately as possible, as described
in step 3.

| Read and record the vertical angle in this step. V1]

L

2 B

B .

i!llllllllll

LU

6. Turn the vertical tangent screw to align the horizontal collimating line of the
telescope with the -4’ line on the collimator scale.

__Lulnlulu ulufulud

— THINTI o



9-4.

RH-0024. A |

Calculating the Tilt Sensor Compensation Factor and
Correction Value

Turn leveling screw A to align the crosshairs as accurately as possible, as described
in step 5.

| Read and record the vertical angle in this step. V2 |

o

E:

8. Calculate the correction value,

It is not necessary to change the factor if the difference between the maximum
and minimum for VO, V1, and V2 is less than 10.

If the difference exceeds 10, the new factor C must be calculated by applying VO,
V1, and V2 in the equation shown below.

Unit: Seconds
Compensation factor/:

el=V1-VQ
e2=V2-V0
A =e2-¢el
240
C=———xVCO
A +240

% If this is performed with the telescope in the face left direction, reverse the +
sign for the compensation factor A.

VC: New compensation factor to be set
VCO: Compensation factor currently set

% If the absolute values (ignoring the + sign) differ significantly, the tilt sensor
may be improperly adjusted or faulty.

% Ifel and e2 have the same sign and their absolute values exceed the permissible
accuracy (10”), the tilt sensor may be faulty.

Write the compensation factor to memory using the tool card (J26340).
For more information, see the section on parameter-setting in “Setting Parameters
and Machine Data.”
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9-5. Install the Collimators for 2-Axis Tilt-Sensor Adjustment

In the previous collimator setting method, a target (a copied scale is used in this
manual) was positioned in the direction perpendicular to the main and subcollimators,
and the device was tilted to obtain the compensation factors. In the following
description, the collimators are set up as shown in the diagram below to obtain the
compensation factor for the X-axis tilt sensor. Although it differs from the calibration
collimator setting, the described method can achieve the same results when modified
appropriately.

support base
Main-collimator
support base -

V.groove
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Lo B
— Main-collimator
o
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9-6. Calculating the 2-Axis Tilt-Sensor Compeosation Factor
Using the 2-Axis Tilt-Sensor Verification Collimator

The following describes the X-axis tilt sensor. For the Y-axis tilt sensor, refer to
Seetion 9-4.

Note the following points before starting work.

1) Electrical adjustment of the tilt sensor must be complete.

2) Tilt-sensor compensation: 2 axes

3) Display resolution: Minimum display angle

4) The vertical tagngent screw must be positioned at the center of the movement range.
5) The right and left side covers must be detached.

1. Mount the device on the collimator stand.
Rotate and lock the top of the stand so that one of the three leveling screws (A, B, C)
is perpendicular to the optical axis of the main/subcollimator (A in the diagram
below).
If the top of the stand does not rotate, lock it by inserting a piece of paper between
the bottom plate and the stand.

B

AT i \_@/T@C
: N
V=

A

2. Level the device after adjusting the level as precisely as possible.

3. Collimate the collimator (-30°) crosshairs with the telescope in the forward direction.
% Collimating precision can be improved by positioning the vertical collimating
line of the telescope at the midpoint between the collimator’s two lines.

Collimator (+30°* )§ .

=

Collimator (=3 0"}

&
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9-6. Calculating the Compensation Factor Using the 2-Axis
Tilt-Sensor Verification Collimator
4. Reset the horizontal angle to “0.”

Press the Angle key.
When the screen shows the TS-mode window, press the key to reset the
horizontal angle.

BASICTS Vi00 10;54 T
HA# 102" 50" 30° l s DR

TS-mode screen
£

VAE 91° 45 207 ;
SD: 267. 493 m 1] CodelfENCE __ |

Press F4 ANG e
MSRGDSEHTRKEANG T o 2 ALE
Horizontal angle BASICTSIANG 1054 (O

setting screen HA®102* 50 30

Press F1 0 set

Ut HOId .

BASICTS/ANGIOSET _ Vi00  1p:5e CHEN
HA% ©O° 0O QOQ°

Horizontal 0 set

FOsetilnpit Hold®

BASICTS VLG 10:54 OO

Haz 00000 Pty o ____.
VA 91° 45 20" ([ HTi3300. m .. _.
S0 267 493 m 1] CodelfENCE _ .
OSP4 7
MSR SDSPTRIGSANG - AR

Return to T'S-mode
screen
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5. Collimate the collimator (+30°) crosshairs, then use the horizontal tangent screw to
align the telescope’s vertical collimating line with the collimator’s vertical line.

| Read and record the horizontal angle in this step. HO|

Collimator (+a0* )§ .

Collimator {—3¢°' )

. . + 30
Main collimator 30

NS £

6. Collimate the main collimator ™~ . Approx. 90° /
(or sub collimator) with the telescope ’ .
positioned horizontally. ) ~ . "

/'
~ T

TN IllllllllLLl
|

Ny
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Calculating the Compensation Factor Using the 2-Axis
Tilt-Sensor Verification Collimator

Turn leveling screw A to tilt the telescope up by 2'.

+2/

+

TN n!n|u|u|
i

Collimate the collimator (-30°) crosshairs with the telescope in the face left direction.
* Collimating precision can be improved by positioning the vertical collimating
line of the telescope at the midpoint between the collimator’s two lines.

Collimator {(+ 30" )§ .

|muluJuJu|

ulnlnly

E Collimator {(~3Q° ) .
F é’

QQ
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9. Reset the horizontal angle to “0.”
Press the Angle key.

When the screen shows the TS-mode window, press the key to reset the
horizontal angle.

BASICTS VLOG 1054 {0
TS-mode screen BAZI0Z 50 30° 13 Ptad . ...
. 287 el ICE. ...
Press F4 ANG D: 2 Dsm:’
MSRDSPSTRIGHANG

Horizontal angle BASIC TSIANG 10:5¢ (RN
setting screen HA#102® 50 30

Press F1 0 set

IR EHSIET

HASIC TS/ANGIOSET V100 10:54 LK
Had 0 00 OO

Horizontal 0 set

“0satizinpitaiHold 41

| ) 10:54 CIER
Return to TS-mode %%” o
screen VAH 91° 45 207 (| HT3SE00_m ___.
18D : 267. 493 m || Code:lFENCE ___
DSP 1/a_
MSRDSPTRKL ANG - - ALL

10. Collimate the collimator (+30°) crosshairs, then use the horizontal tangent screw to
align the telescope’s collimating line %
with the collimator’s vertical line. Collimator (+30° ) .
Read and record the horizontal
angle in this step. HI1

Collimator {—30" }

s

O~
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9-6. Calculating the Compensation Factor Using the 2-Axis
Tilt-Sensor Verification Collimator

11. Collimate the main collimator (or secondary collimator) with the telescope
positioned horizontally.

i u*ulnhlhd

T

12. Turn leveling screw A to tilt the telescope down by 4.

i
iy
>

_ Illlllhl'll nmmm

T

13. Collimate the collimator (-30°) crosshairs with the telescope in the face left direction.
* Collimating precision can be improved by positioning the telescope’s vertical
collimating line at the midpoint between the collimator’s two lines.

Collimator (+30° )§ .

E S
E

11 nmmm

LLLLLL]

v -

Collimator (~30° ) .

Z

p - o




RH-0024. A

9-6. Calculating the Compensation Factor Using the 2-Axis
Tilt-Sensor Verification Collimator
14. Reset the horizontal angle to “0.”

Press the Angle key.

When the screen shows the TS-mode window, press the key to reset the
horizontal angle.

BASICTS V100

TS-mode screen HA% 102* 507 30°
VAKE 91'743’9%0'
Press F4 ANG 2 28480

MSH:DOPAT R ANG!

Horizontal angle BASIC TSIANG 10:c4 (O
setting screen HAF102® 50 30r

Press F1 0 set

BASIC TS/ANGIOSET V1.00 3054 LI
‘M# 0" 00 00

Horizontal 0 set

HsetminpirheHold Hn v

BASICTS V1,00 1g:54 TN
Return to TS-mode HAE 00000 NP ...
sereen VAZ 91" 457 20" [JHTIS00. m . __.
S0: 267. 493 m CodelFENCE, _ _ .

DSP 1/, . : —
MER: +OSPTRKEZANG: . ALL

15. Collimate the collimator (+30°) crosshairs, then use the horizontal tangent screw to
align the telescope’s collimating line with the collimator’s vertical line.

| Read and record the horizontal angle in this step. H2|

Collimator {(+30* )§ ~

Collimator (=30°*)

Fa¥al
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Calculate the correction value.
It is not necessary to change the factor if the difference between the maximum
and minimum for HO, H1, and H2 is less than 10,
® If the difference exceeds 10”, new factor C must be calculated using HO, H1, and
H2 in the equation shown below.
Unit: Seconds
Compensation factor: el =H1-HO
e2=H2 - HO

When the main collimator (or subcollimator) used in the procedure is to the left
when looking at the upward/downward collimators:

240 + (e2-el)
240

HC = xHCO

When the main collimator (or subcollimator) used in the procedure is to the right

when looking at the upward/downward collimators:

240 + (el -e2)
240

HC = xHCO

HC: New compensation factor to be set
HCO: Compensation factor currently set
Level the device again, and repeat steps 3 through 13.

Write the compensation factor to the memory using the tool card (J26340). For
more information, see the section on parameter setting in “Setting Parameters and
Machine Data.”
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Setting Parameters and Machine Data

To set parameters in the DTM-801 series, add new programs to the tool card
(J26340) for the DTM-800 series. Regarding the addition of programs, contact the
nearest Nikon Geotecs office.

The tool card has an internal battery as a memory backup. The service life of the
battery is seven years when it is stored under suitable conditions. When storing
the tool card, carefully check the storage environment.

The contents of the tool card are subject to change without prior notice.

The intellectual property rights to the tool card belong to Nikon Geotecs Co., Ltd.
Duplication of the data on the tool card is prohibited.

1M1
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Setting Parameters and Machine Data
Insert the tool card (J26340) into the card slot on the device.
Turn on the power switch of the device.

Rotate the telescope and upper main body.
The display shows the initial tool program screen.

erl.
R % Params
2 SavekRest % Calibrat
InstInfo *RmtMsr

“SetTime B 0Others

Using the numeric and arrow keys, move the cursor to an item to be set, and press
the key to select the item.

Selection of settings
The condition-setting items are the same as those in the applications installed in the

device, including the measurement times, tilt-sensor compensation, energy savings,
and communication.

Enter data according to the directions given in the operation manual.

Settings
RN S-Comm.
2angle ®Others
2Dist.Adj
“Pow.Save

Only the menu screen is shown in this manual, and explanation of the operating
methods is omitted.

Save and restore

Press the . This item is used to save and reset the content ( ) registered in
the memory by condition setting,

Save & Restore Lonst.

1.Save Const.
Z2.Restore Const.

1) Save const.
Press the | F4 | YES key to save data in the memory on the tool card.
Press the | F2 | NO key or key to cancel and return to the menu screen.

Save Const
Prev. data will be
overwri tten,

[1 ¥
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10. Setting Parameters and Machine Data

Press any key other than the POWER key to return to the menu screen.

Finished!

Press any key...

2) Restore

Press the YES key to transfer the data stored in the memory on the tool
card (J26340) to the memory in the device.

Press the NO key or key to cancel and return to the menu screen.

Restore Const

Current value will
be charged.

[ YES

Press any key other than the POWER key to return to the menu screen.

6. Machine-data setting
This item is used to set the model type, serial number (manufacturing No.), and
calibration date.
Using the arrow keys, move the cursor to the item, then press the key to
finalize the selection

[Set Tnst. infomation

Irisr. ‘Hams EERE:LY
Serial Mo. 010001
Inspect Bay 01-01-23

SET

1) Model-type setting

2)

Move the cursor to Inst. Name, then press the key to display a model
list.

Using the arrow keys, select the model type and press the key to
finalize the selection. Press the key to close the model list.

Set Inst, infomation
DTM-821
Serial Mo. ) DIM-B31
Inspect Da

Serial-number (manufacturing No.) setting

Move the cursor to SERIAL NO., then move the cursor to the number by
pressing the key.

Using the ten keys (numeric keys from 1 to 10), enter the serial number
(manufacturing No.), and press the key to finalize the input.
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Setting Parameters and Machine Data

3) Calibration-date setting
Move the cursor to Inspect Date, then move the cursor to the year/month/day

section by pressing the key.

Using the ten keys (numeric keys from 1 to 10) and bar key (- key), enter the
year, month, and day, then press the key to finalize the input.

Press the key to complete the setting and return to the previous
screen.

Date and time setting

% The date and time should be changed only when the CPU board is replaced due
to repair or when the device is used overseas. It is prohibited to conduct the
following procedure for any other purpose.

Change the date first, followed by the time. If a setting is not changed, press the
key to move the cursor to the next item.

1) Using the ten keys (numeric keys from 1 to 10) and bar key (- key), enter the
year, month, and day, input the time and press the key to conclude the
input. Then press the SET | F5 | key to finalize the setting.

After pressing the SET | F5 | key, press the key to return to the
previous screen.

et Time

DATE @ 2002-01-23
TIME : 01:23

Pressing the key before finalizing the setting using the key

cancels the setting and returns to the previous screen.

Parameter setting
This item is used to enter machine parameters and tilt-sensor compensation factors.

Using the arrow keys, highlight an item, and press the key to finalize the

item selection.

Thput prameters
0.8 mm

[ Canst,

1M A
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Setting Parameters and Machine Data
1) EDM-constant setting

(1) Move the cursor to EDM Const., then move the cursor to the constant-input
section by pressing the key.

(2) Enter the EDM constant calculated based on the measurement baseline,
then press the Set key.

If the constant is a negative value, display the negative (-) sign by pressing
the key, then enter the constant and press the Set key.
Other functon keys are as follows. () = , ()=

(BACK SPACE) = [0}, SPACE [0}

Pressing the key before finalizing the setting using the key

cancels the entered data and returns to the previous screen.
Press the key to return to the previous screen.

2) Tilt-sensor compensation-factor setting

(1) Move the cursor to TILT X or TILT Y, then move it to the tilt-factor input
section by pressing the key.

(2) Enter the compensation factor obtained through measurement, then press

the Set key. Pressing the key before finalizing the setting
using the key cancels the entered data and returns to the previous
screen.

Press the key to return to the previous screen.

9. Measurement setting
This item is used for adjustment of the vertical-angle zero position and confirmation
of the encoder signal amplitude.

1) Adjustment of the vertical-angle zero position

Calibration

RLLe F [
" [N

2Peak valley Adj.

(1) Mount the device on the collimator stand, and adjust the level as precisely as
possible.

(2) Move the cursor to VA Adj., and press the key to finalize the

selection.
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10. Setting Parameters and Machine Data

(3) Set the telescope to the forward observation position and collimate the
horizontal collimator.

After the vertical angle stabilizes, press the key.

Angle ad justment

YA TX Y
FACT:  O+O00'O0 o o
GSER:  D+p@to0n“ a* o

VA 0°00° oo™ E
TX: o™ TY: o~
> Sight FACEY to ENT

i

(4) Set the telescope to the reverse observation position and collimate the same
horizontal collimator. After the vertical angle stabilizes, press the
key.

tAngle ad justment
T TV > S § A
; Goch:  Deanegoe  ov o
= i VA: 18200 00™ i
TX: o~ 7Y: o~

> Sight FACEZ to ENT

m
s

{TiH

(5) Display the vertical-constant measurement result. Press the key
to finalize the setting.

If the measurement result exceeds the allowed vertical-constant range, the
display shows “OVER RANGE.”

In such an event, press the key to return to the previous screen,
then repeat the steps from the vertical-angle zero-point adjustment or
electrical adjustment (9-2. Adjusting the V Encoder).

A 5 TY Rngle ad justment
fach Lo moom FACT: ugsu:nn;; © o
VAe  1°00° 00™ 3 vae oVER "
> OK, ENT + Record > Error Over range |
Setting completion display Out-of-range display

Repeat the adjustment procedure.

- NSO
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2) Peak-valley measurement

This item allows confirmation of the encoder signal amplitude.

Calibration

1“'|"2'3l I""ldi ,

wPeal: valley Adji.. d

(1) Move the cursor to Peak Valley Adj., and press the key to finalize

the selection.

Peak-UalTey ver. 1.02

AApjitude Averaose
HA ab 309 511
HA a9o 369 511
Ha b8 389 511
HA bSB 3069

(2) Select Horizontal or Vertical (H

The H encoder is selected for the following explanation.

the same for the V encoder.

The display shows the existing measurement values.

Peak/Ual ley

ver. 1,02

ARplitude Averasge

<> V) using the key.

The procedure is

% When conducting the peak-valley measurement, be sure to set the V
encoder after completing the H-encoder setting.

(3) Press the MsrPV key to start the measurement.
The tangent screw is used in this step.

Make sure the horizontal clamp is tight.

Take one measurement each

for HA a0, HA a90, HA b0, and HA b90, in that order, at the same

position.

In each of these four measurements, set the peak.

Pressing the key cancels the measurement and returns to the

previous screen.

~__—— Angle to be

eak/HalM 1,02 measured
g ' 1+06 oo~

Screen before Feak Yolley

measurement HA oA0

cperation HA b0

(4) Press the Start key.

Turn the horizontal tangent screw to the right or left to locate the position at
which the peak and valley values become the largest.

Peak-Ualley

ver. .02

Peak
31

Rty
After the displayed values stabilize, press the Stop key.

SITHTE
Raliey
a0

while the displayed values are unstable,

If the Stop key is pressed
press the key to return to the previous screen, then start from step

(3).

If a key other than the Stop key is pressed, press the Retry key

to repeat the setting process.
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(5) When the Stop key is pressed after completion of the HA a0

measurement, the cursor moves to HA a90. Repeat the measurement
process from step (4) to set the peak and valley values for HA a90. Then,
set HA b0 and HA b90, in sequence, by following the same procedure.

PeakUaTley  ver. i.02
@ (TR
Valley

o Rebry

Thop

(6) Upon completion of the HA b90 measurement, the display shows a new

angle, “90,” to be measured.
Rotate the upper main body 90° to the right, then repeat steps (4) through

(6).

New angle to be measured

eakyUalley  ver. 1.02
39 g*ag‘on”
Frak Yaliey
[#n 00 -
HA al0
HA &0

(7) Continue the measurement process at 180 and 270.

(8) When the peak-valley measurement is completed for all horizontal angles,

the display indicates the measurement completion screen. When the
YES key is pressed, all measurement results are stored, and the display
shows the amplitude and average value. When the NO key is pressed,
the measurement results are not stored, and the display returns to the
screen shown prior to the measurement.

[Feak-Valley  ver, 1,12
ﬁarli_t_l.nl: Average

)|

(9) Vertical-angle peak-valley measurement

Point the objective lens of the telescope toward the zenith, and change the
Horizontal and Vertical (H <> V) setting using the key.

[Feak7UaTTéy  ver. 1.02 |
Axglitude Rverage

S MzrFY

100
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10. Setting Parameters and Machine Data

(10)Press the MsrPV key to start the measurement.
The tangent screw is used in this step. Make sure the vertical clamp is
tight.

Point the telescope toward the zenith, and take one measurement each for
VA a0, VA 290, VA b0, and VA b90, in that order, at the same position, and
make the settings using the Stop key.

Pressing the key cancels the measurement and
returns to the previous screen.

Upon completion of the VA a0 measurement, rotate the
telescope 90° and repeat the measurement process.

(11)When the peak-valley measurement is completed for all
vertical angles, the display indicates the measurement completion screen.
When the YES key is pressed, all measurement results are stored and
the display shows the amplitude and average value.
" When the NO key is pressed, the measurement results are not stored,
and the display returns to the screen shown prior to the measurement.

10. External observation
If a PC installed with the device operating program is used, the measurement range
and angle data can be transferred using the communications function.

[Remote ver. 1.0 |

HA : 0°00°ao~
va : 90°00° oo~
sD & mi
Mor Trk SHHE o

Press the | F1 | Mrs key to start the measurement.
Press the | F2 | Trk key to start the measurement.
Press the | F3 | StHA key to input a horizontal angle.

emote yer, 1.00

Ur Input HA
sep
M Trko ZHHS

Press the key to return to the previous screen.

1 N0
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11. Others

This item is used for the deletion of data in the memory and changing of the display

language.

1) Initialization of NVR
(1) Select Ini. NVR, and press the key to display the input screen.

Uthers

W [ni VR
*Ini.IDB
*Console

(2) Initialization of subsystem area
The vertical- and horizontal-angle peak-valley measurement values, angle-
measurement compensation ON/OFF, and tilt-sensor compensation factors
are stored in the subsystem area.

Tnitializing NURAM

al Sub ares
21nitial All area

Move the cursor to Initial Sub area, then press the key.

Press the
Press the

F4

F2

Initial NUBAM

Are you sure to
inttial Sub area? E

YES

YES key to delete the data in the subsystem area.
NO key or key to cancel the initialization and

return to the previous screen.

(3) Initialization of the all NVR area
The NVR area contains the device’s main-menu condition settings and
machine constants, in addition to the data in the subsystem area.
Move the cursor to Initial All area, then press the key.

Initializing NURAM
“nitlal Jub ares
W [nitial All area
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10. Setting Parameters and Machine Data

(4) Pressthe | F4 | YES key to delete the data in the entire NVR area.

Press the | F2 | NO key or key to cancel the initialization and
return to the previous screen.

Initial NURAH

fire you sure to
initial All area? H

YES

2) Initialization of IDB
The IDB area contains the internal auxiliary data on measurement results (this
memory area may not be used by some applications).

Others
' Ini VR
S Ini. DB

*Console

Move the cursor to Ini. IDB, then press the key.

Initial inside D.B.

Are you sure to
initial Ins.D.B.? E

YES

Press the YES key to delete the data in the IDB area.
Press the NO key to cancel the initialization and return to the previous

screen.
Using the arrow keys, select a language, then press the key to finalize the
selection.

12. Console

This item enables communication with an external device through the use of a
program produced using communication commands for the device.
No repair tool uses this function.

Others
* Ini. VR
2 1ni.IDB

qConsolc |

13. Finish the parameter and machine-data setting.

Press the | POWER | key, then press the key to turn off the power.

Remove the tool card from the card slot on the device.

1711
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Replacing the CPU Board

When the CPU board installed in the theodolite unit is replaced, a software-writing
program, device-operating main program, and pre-install applications must be installed
in the memory on the new CPU board.

The J26345 (two EP-ROMs and one program card) contains the upgraded programs for
the CPU board.

The J26345 for the DTM-800 series cannot be used to write programs to the CPU board
of the DTM-801 series, but it can be upgraded to the J26345 equipped with additional
functions.

The ROM for the program master (J26345) comes in two types. One is for the DTM-
800 series, and the other is for the DTM-801 series. Therefore, be sure to check the
model. :

If the programs for the DTM-800 series are written to the CPU board of the DTM-801
series, they will not function properly.

The main program and pre-install applications are subject to change without prior
notice.

Regarding the upgrade and latest program information, contact the nearest Nikon
Geotecs office,

The intellectual property rights of the tool programs belong to Nikon Geotecs Co., Litd.
Unauthorized duplication of the tool-program data is prohibited.

% Make sure the battery has sufficient capacity before starting the program master.
% Never turn off the power switch while the program master is booting up.

Keep the internal battery disconnected until battery connection is instructed.

1. Writing programs
When a new CPU board is installed, a program in the program master (J 26345)
ROM must be written to the CPU board for the writing of all programs necessary for
operation of the device functions.

1) Detach the left side cover (on the card-slot side).

Remove the left side cover carefully, as there is r = = )
a flat cable connected between the CPU board o O
and the interface board located behind the o ﬁ
cover. a7 ’ EE
2) Insert the program-master (J26345) ROM into =z
the ROM socket on the CPU board. =
* Make sure “DTM-801” is indicated on the :’ o
ROM. =
3) Connect JP2 to the CPU board using an ; Tool ROM
alligator clip. { %
There are two test pins on JP2. Be sure to X
securely connect the pins using an alligator clip. 5 d §
4} Install the clip-on battery to the device, and ) - 3
turn on the power switch. R
D1 (diode) on the CPU board indicates the —/ ey o
writing operation as follows: ON — OFF — P2 C
Flashing — OFF..
When the LED is flashing, the light dims and it [ GE
may seem that the LED is OFF. Be sure to
wait until the.LED turns OFF completely before ~—7 1‘
proceeding to the next step. s ] (] i ]
5) ER. i N ﬂ:
emove the clip-on battery. N iy S
CPU board

8) Remove the alligator clip and tool-master ROM.

119
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Replacing the CPU Board

% Make sure the battery has sufficient capacity before starting up the program
master.
% Never turn off the power switch while the program master is booting up.

2. Writing the main program and pre-install applications

1) Insert the program-master (J26345) program card into the card slot on the

2)

3)

4)

device.

Install the clip-on battery to the device, and turn on the power switch. The
display changes from the Loading screen to the Main Menu screen.

INSTALL TOOL Vv2.01 1§15

QL2 Main V105
QL2 Main V2.03
Qn2 Main VI.20N
Pre-Install V1.22

ol .

1. QL2 For the DTM-800 series
2. QL2 Modified
For the DTM-801 series
3. QN For NPL-820/821
4. Pre-install applications
For all models with a display device

From the main menu, select “2. QL2 V2.”

- ¥ % % BIOS UPDATE * % %

Warning :
Do not cut the power absolutely
Between writing

End SUM Go

Abort: Stops the program-writing operation and turns off the power

SUM: Conducts a sum check for the existing main program, and displays the

result

(The display of the sum-check result requires approximately 30 seconds.)
After the sum-check result is displayed, press the POWER key to turn off

the power.

Start: Deletes the existing main program, then writes the main program from
the program-master (J26345) memory card to the memory on the CPU

board

Press the Start key.

Writing of the main program starts.
Upon completion of the writing operation, press the POWER key to turn off the

power.
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Replacing the CPU Board
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% Make sure the battery has sufficient capacity before starting up the program

master.

% Never turn off the power switch while the program master is booting up.

5) Turn on the power switch.

The display changes from the Loading screen to the main-menu screen.

INSTALL TOOL Vz.01 15715

QL2 Main V1.05
QL2 Main V2.03
Qn2 Main V1.20N
Pre-Install V1.22

B

1. QL2  For the DTM-800 series
2. QL2 Modified
For the DTM-801 series
3. QN For NPL-820/821
4. Pre-install applications
For all models with a display device

6) From the main menuy, select “4. Pre-install applications.”

Program Loader V1.00

Pre-Install Software V1.22

Install Application

ESC — Abord < — Stant

Abort: Stops the program-writing operation and turns off the power

Start: Deletes the existing applications, then writes the application programs
from the program-master (J26345) memory card to the memory on the

CPU board

7) Press the Start key.

Writing of the pre-install application programs starts.
The deletion and writing operations require approximately 2 minutes and 30
seconds. Note that the writing time varies depending on the connected external

equipment.

Program Loader V1.00

Writing
80%
[l

The display shows the data-transfer progress. The writing operation is
complete when the display shows “100%.”

Wait a minute

Making the verify data

8) Press any key to turn off the power.

Finished

Remove card and press any key

-

A
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12. Disassembling the Telescope

1. Remove the upper and lower telescope covers.

2. Remove the CPU hoard.

Do not forcibly lift the CPU board before disconnecting the cable from the connector
on the rear side.

% The flat-cable connector must be inserted in the specified direction. Connection

of the connector in reverse may damage the CPU board. Be sure to position the
mark on the flat cable in the specified direction.

3. Detach the detector shield.

4, Remove the detector board.
1) Disconnect the two signal cables and one flat cable. Mark the signal cables to
prevent reversed connection during reassembly.
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12. Disassemb]ing the Telescope

2) Remove the spacer and lift the board slowly, then loosen the fiber set screw and
disconnect the fiber.

Set screw

5. Remove the driver board.
When the shield case for the driver board is lifted after the mounting screws are
removed, the driver board detaches together with the shield case. Loosen the fiber
set screw and disconnect the fiber.
Keep the flat cable connected to the driver board unless it must be removed.

Set screw
¥iber

6. ~Detach the shield plate.
If it is not necessary to remove the shield plate, q
do not detach it.

7. Remove the dichroic-prism assembly.
If it is not necessary to remove the dichroic-prism assembly, do not detach it.

When reinstalling the dichroic prism, press it against the reference surface in the
direction indicated by the arrow in the diagram, then tighten the mounting screws.
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Disassembling the Telescope

Remove the lumi-guide.

Dismount the DC motor.
The following describes a DC-motor removal method that does not require
adjustment of the light intensity. When the DC mounting bracket at the receiver

section is dismounted, accuracy adjustment must be made in accordance with the
adjustment items.

1} Position the smaller-diameter section of the attenuator at the top, then loosen
the attenuator set screw and remove the attenuator.
% If the larger-diameter section of the attenuator is positioned at the top, the
attenuator becomes caught by the receiver photo-interrupter. Forcibly
pulling out the attenuator in this position may cause deformation or peeling
of adhesive. '

Photo-
interrupter DC motor
e
Smaller- _
diameter
.section

diameter
section

Attenuator

2) Turn the DC motor counterclockwise and remove it,

Detach the sector.
Remove the emitter-sector retaining plate, then dismount the pulse motor and
sector.

% In reassembly, position the sector at the center of the notch on the photo-
interrupter. Observe the cautions regarding gluing the sector to the motor

spindle during reassembly.

e

SOy
)
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12. Disassembling the Telescope
% Cautions in adhering the sector

1) With the spindle facing up, insert the pulse motor into the holder of the sector
attachment tool (J26364).

I

il

Holder

2) Place the gap adjustment spacer of the sector attachment tool on top of the pulse
motor.

5 724354 7 Gap adjustment
e

f spacer
AL

=

3) Insert the pulse-motor spindie into the sector.
Apply #648 adhesive to the center hole in the sector, and leave it for 15 minutes.

4648

Gap adjustment —_r,li—/‘_
spacer ! E

4) Remove the pulse motor and sector from the attachment tool, then apply #648
adhesive to the motor spindle and the bushing on the rear side of the sector, and
ieave them for 15 minutes.

F648

5) Install the pulse motor to the emitter section.



RH-0024. A

12. Disassembling the Telescope
11. Remove the eyepiece-lens unit.

1) Remove the eyepiece-lens holder.

Eyepiece-lens holder Porro-prism

2) Remove the polo-prism unit.

3) Loosen the three focusing lens-chamber set screws, then detach the focusing
ring.

Set screw

4) Remove the guide pin from the focusing ring, then detach the focusing ring.

12. Remove the objective lens.
The objective lens is installed directly to the telescope tube and attached using

#2061 adhesive at several locations.
To remove the objective lens, push from the rear side of the telescope tube, taking

care not to damage the lens.
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Positioning the Focusing Stopper

1. Mount the device on the collimator stand, and position a target (e.g., printed
material) 1.3 m from the front center of the device.

1.3m

]

b

5 (zzn)
s | © |
]

Y
-

M—

2. Loosen two of the three set screws on the focusing-ring chamber.

L]

o z o

@
b

Lo el

Set screw

3. Rotate the focusing ring clockwise to focus on the target in front of the device.

4. Loosen the one set screw securing the focusing-lens chamber, and rotate the focusing
ring clockwise until it contacts the stopper.

5. Tighten the focusing-lens-chamber set screws.

6. Rotate the focusing ring counterclockwise, then make sure the collimator can be
focused on the infinity scale.
In this process, make sure the focusing ring contacts the rotation stopper on the
infinity side when it is rotated slightly in the counterclockwise direction from the
point at which the focus is on the infinity scale.

T000
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14. Adjusting the Fiber Focus and Optical Axis

Remove the electrical board before conducting the following procedure.
1. Mount the device on the collimator stand.

2. Insert the emitter fiber terminal into the fiber illumination tool (J26300), and
tighten the clamp screw.
Connect the power supply of the fiber illumination tool to “LAMP” on the EDM
adjustment tool (J26196NEW).
% The illumination unit lamp is rated at 6 V, but the lamp output is set lower.
Do not change the setting to prevent shortening of the lamp’s service life.
Note that the device’s sector is normally set to the External Light side.

p—_——

EDM adjustment tool S 5 |
J26196NEW

QiHePN®) @__r?

Fiber illumination tool
J26300

4. Rotate the focusing ring to focus on the collimator crosshair at the infinity position.
% Do not touch the focusing ring until focus adjustment is complete.

Focusing ring

T
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14. Adjusting the Fiber Focus and Combination
5. Install the fiber F adjuster (J26359) in place of the eyepiece unit.

Eyepiece unit

Graduated
scale

Eyepiece lens holder Fiber F adjuster
J26359

6. Remove the eyepiece lens from the device, mount the fiber F adjuster (J26359), and
then rotate the diopter ring to focus on the focusing-plate crosshairs.

7. Rotate the graduated scale on the fiber F adjuster (J26359) to focus on the collimator
infinity crosshairs.

8. Turn the graduated scale clockwise by nine gradations, using the slot on the fiber F
adjuster (J26359) as the reference point.
% Be sure to stop the ring in clockwise rotation.
% Do not touch the graduated scale or focusing ring until fiber focusing is
complete.

9. Install the prism-holder adapter (J26295) to the objective lens chamber, then mount
the prism holder (J26272B) and prism.

Prism

Adapter for J26272
J26295

Prism holder
J26272B
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14. Adjusting the Fiber Focus and Combination

10. Turn on the power switch of the EDM adjustment tool (J26196NEW) to light the
emitter fiber.

Look into the eyepiece lens and focus the light beam on the focusing-plate
crosshairs.

Loosen the fiber set screw using the hex-key (J26365), then move the fiber in and out
(as indicated by the arrow) to focus the light beam on the focusing plate.

% The fiber light beam should be near the center.

Light beam

Hex-key
J26365

11. Remove the fiber illumination tool, then insert the receiver fiber terminal and
clamp.

Attenuator side

N

Hex-key
J26365

12. Loosen the fiber set screw, then move the fiber in and out (as indicated by the arrow)
to focus the fiber light beam on the focusing plate.

13. Remove the prism, prism holder, and adapter.
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14. Adjusting the Fiber Focus and Combination

14. Remove the fiber F adjustment eyepiece (J26359), then install the device’s eyepiece
lens holder.

15. Level the device, and adjust the perpendicularity of the horizontal axis and the
inclination of the crosshairs.

16. Install the prism, prism holder, and adapter to the objective lens chamber.

17. Look into the eyepiece lens, and move the receiver section so that the receiver fiber
light beam is positioned at the center of the eyepiece crosshairs.
. Standard: Centering deviation must be less than 1/10 of the diameter of the fiber
light beam.

18. In the same way, move the emitter section to position the light beam at the center of
the crosshairs.

19. Install the CPU board.

1T OA
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The following procedures require that the EDM adjustment tool (J26196,
J26196NEW) be fitted with the modification kit (J26196H for J26196, J26196I or
J261961J for J26196NEW). As mentioned in the DTM-500-series repair manual, a
modified EDM adjustment tool must be used for the adjustment described herein.
The J26196NEW units purchased in and after August 2001 are fitted with the
modification kit.

If the CPU board has not been installed when the previous procedures are completed
be sure to install the board before conducting the following steps.

Device condition setting

1)

2)

3)

4)

5)

6)

]

Turn on the power switch of the device and move the telescope up and down at

the 90° position.

From the job = survey, select menu.

17130 .
HA: 102°50° 30”7
- VA: 91°45 207
HT:__1.900 m  p: 287.493m

CD:FENCE TOP__ . _ '/
STH_ S~0 ZREF NOTE MENU

From the main menu, select setting.

Ht Job Manager 5Check Level
2z Cogo s Communication
3View Data 7 System

From the condition-setting screen, select DISTANCE.

| T3 THIA : 15 01 ol

! Temp-Praess "Files

2Angle = ' Communications
3 "Date & Time

* Targe T Others

" Power Save ¥ Show Seltings
I JOb=SURVUEY 10 Free= 382 Kb

Set the distance conditions as shown below.

TRU/SE1/BIST 15 37
MSR Cont inuous
TRK : Highspeed Continuous
ALL : Normal 30
Precise Resolution:0.1mm/.0005ft

Press the key, then turn off the power switch of the device.

E s Vo
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15. Positioning the Fiber

2. Insert the spacers (J26363) between the telescope and the shield case on the emitter
side so that the fiber can be moved.

Spacer 26363 Fiber

3. Install the provided EDM tool ROM after version v2.00 in the ROM socket on the
program installer 1 (J26355), then connect the flat cable to the CPU board.

[t
|

soo Took

I
(o]
lllmﬁi-Tj

] Same A
o —~
r oo .

Program instailer
EDM CPU board (i_ncﬁ ding ROM)
Indented 126355
section

% Important
% When connecting the flat cable, make sure the contact surface of the flat cable

faces up and the indented section is positioned toward the center side of the
board.

Connecting the flat cable in reverse may damage the CPU board or tool.

-t

b
T
A
I3
HOZ Ta

e

4. Write the tool program.’
Copy the EDM adjustment-tool program to the EDM CPU hoard, then follow the
adjustment steps in sequence.
The EDM adjustment-tool program is designed to allow easy step-by-step
adjustment.
Pressing the key moves the adjustment steps forward, and pressing the
key changes the adjustment steps in reverse.
The attenuator must be rotated during an adjustment step. To rotate the
attenuator, press the key.

100
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15. Positioning the Fiber

1) Turn on the power switch of the device.
The green LED (power) on the tool (J26355) lights, then the red LED (write)
flashes after several seconds.

Il
__] e
)[R |
©| Green LED (power)
o
Red LED (write)

2) The writing operation is completed in several seconds, and the red LED turns
OFF.

Wait approximately 10 seconds until the writing program ends, then turn off the
power switch of the device.

3) Disconnect the flat cable from the CPU board, then remove the tool (J26355).
5. Position the fiber.

1) Connect the SIG IN probe of the EDM adjustment tool to TP11 on the receiver
board. Connect the GND wire to TP4 on the receiver board.

2) Turn on the power switch of the EDM adjustment tool.

% When using the J26196 EDM adjustment tool, set the model-type selector to
DTM-A, and the sensitivity selector to H.

% When using the J26196NEW EDM adjustment tool, set the model-type
selector to B.

3) Press the key on the operation section of the device. (This activates
the functions necessary for setting of the optical path, attenuator, and
frequency.)

The display shows “1.000 m” for SDx. Press the key to change the SDx
indication to “2.000 m.”
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15. Positioning the Fiber

4)

* To return to the previous screen, press | TRK | | TRK | (press the key
twice) or | MRS | | MRS | (press the key twice).

HD# 3.9289M

VD# -0.1613M

SDx 2.000M
DSP2/4

If the SDx indication does not show a value in the unit of 1.000, press the
DISP | key to change the indication.
Ignore HD# and VD# in this procedure.

Loosen the emitter-fiber set screw, then move the fiber up and down to display
the largest voltage value on the EDM adjustment tool.

.
e,

If the displayed voltage value does not increase, replace the fiber-mounting
flange screw with parts M2-25050, then move the flange back and forth as well
as to the right and left in order to increase the voltage to the largest value.

If the displayed voltage value still does not increase, rotate the internal light-
adjustment slit.

If the displayed value is saturated, press the key to rotate the attenuator
until the displayed value decreases. Then, move the fiber to set the largest
value,

T Y
1\1'_0“1:3—:

Internal
light-adjustment slit

1980
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5) In the same way, adjust the receiver fiber and flange positions so that the

displayed voltage value becomes the largest.

Spacer 26363

6) Turn off the power switch.

7) Remove the spacers used to raise the emitter section and EDM module, and

install the board to the telescope.

100
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Internal Light Adjustment

Adjustment of the internal light intensity

Use the CPU board holder (J26360) to position the CPU board vertically for easy
rotation of the internal light-adjustment slit.

If the CPU board holder is not used, place the CPU board in a plastic bag to prevent
short-circuiting due to contact with the telescope.

1) Remove the two spacers from the telescope, and mount the CPU board holder

(J26360).
CPU board
¥ %
Board holder
J26360

2) Turn on the power switch, and move the telescope up and down at the 90°
position. Press the key to display “1.000 m” on the screen, then press
the key again to display “2.000 m.”

% To return to the previous screen, press | TRK ] TRK | (press the key
twice) or | MSR | [ MSR | (press the key twice).

HD# 3.9280M

VD# -0.1613M

$Dx 2.000M
DSP2/4

If the SDx indication does not show a value in the unit of 1.000 m, press the

DISP | key to change the indication.

Ignore HD# and VD# in this procedure.

3) Connect the SIG IN probe of the EDM adjustment tool to TP11 on the receiver
board.
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16. Internal Light Adjustment

4) Move the internal light-adjustment slit to adjust the internal light intensity.

Adjust the value so that the J26196 EDM adjustment tool indicates & + 1.
Adjust the value so that the J26196NEW EDM adjustment tool indicates
8=1.

I

Internal
light-adjustment slit

Loosen the set screw, insert the tip of a screwdriver into the screw hole, and
then rotate the light-adjustment slit to change the indication on the EDM
adjustment tool.

If proper adjustment cannot be achieved, slightly turn VR1 on the receiver
board, then adjust it again.

4151
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17. Electrical Adjustment

When electrical adjustment is made following the internal light adjustment, use the
same EDM adjustment tool and program settings. If not, copy the tool program to the
EDM CPU board using the program installer 1 (J26355) used for fiber positioning,
before conducting the following procedures.

Press the key on the operation section of the device, and confirm that “1.000 m”
is displayed before making electrical adjustment. '

TI amp output adjustment

1. Probe connection .
Connect the SIG IN probe of the EDM adjustment tool to TP11 on the receiver board.
(Connect the GND wire to TP4 on the receiver board.)

2. Electrical adjustment
1) Press the key to indicate “2.000 m” on the display.

HD# 3.9289M
VD# -0.1613M
SDx - 2.000M

DSP2/4

Turn VR1 on the receiver board to set the displayed value on the EDM
adjustment tool as follows:

When using J26196: 918 = .10

When using J26196NEW: 2118 = 200

% To return to the previous screen, press | TRK | | TRK | (press the key twice) or
| MRS || MRS | (press the key twice).

If the SDx indication does not show a value in the unit of 1.000 m (e.g. 1.2288 m),

press the | DISP | key to change the indication.
Ignore HD# and VD# in this procedure.

199
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Electrical Adjustment

2) Pressthe key to display “3.000 m.”

3)

4)

Turn VR4 on the receiver board to set the displayed value on the EDM
adjustment tool as follows:

When using J26196: 918 £.10

When using J26196NEW: 2118 + 200

Press the key to display “4.000 m.”

Turn VR3 on the receiver board to set the displayed value on the EDM
adjustment tool as follows:

When using J26196: 918 .10

When using J26196NEW: 2118 = 200

Press the key to display “5.000 m.”

Turn VRZ2 on the receiver board to set the displayed value on the EDM
adjustment tool as follows:

When using J26196: 918 = .10

When using J26196NEW: 2118 = 200

AGC gain adjustment

5)

6)

Connect the SIG IN probe of the EDM adjustment tool to TP2 on the receiver
board. .

When using the J26196, turn the sensitivity selector switch ON and make sure
the LED on the EDM adjustment tool is ON.

Press the key to display “6.000 m.”

Turn VRS on the receiver board to set the displayed value on the EDM
adjustment tool as follows:

When using J26196: 4775+ 16.4

When using J26196NEW: 47565 = 1640

If a high-intensity input light results in saturation of the displayed value, turn
VR6 on the receiver board to set the displayed value on the EDM adjustment
tool as follows, then make adjustment using VR5 again.

When using J26196: 311.7

When using J26196NEW: 30986

1G9
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Electrical Adjustment

7

8)

9)

Press | MRS | | MRS l (press the key twice) to display “7.000 m.”

Turn VR6 on the receiver board to set the displayed value on the EDM
adjustment tool as follows:

When using J26196: 4775 £ 16.4

When using J26196NEW: 47565 = 1640

Press the key to display “8.000 m.”

Turn VR5 on the receiver board to the point at which the displayed value is the
largest.

Connect the SIG IN probe of the EDM adjustment tool to TP11 on the receiver
board. Connect the GND wire to TP4 on the receiver board.

When using the J26196, turn the sensitivity selector switch OFF and make sure
the LED on the EDM adjustment tool is OFF.

Make sure the displayed value on the EDM adjustment tool is as follows:
When using J26196: 918 = .10
When using J26196NEW: 2118 + 200

VADI1 setting

10) Press the key to display “9.000 m.”

Connect a digital voltmeter to TP6 on the receiver board, and measure the
voltage.
(Connect the GND wire to TP4 on the receiver board.)

Equation: Adjustment voltage = Reference voltage of 2.5 V - Measured voltage
Divide the adjustment-voltage value between VR7 and VRS at a ratio of 1:3, to
adjust the reference voltage to 2.5 + 0.05 V.

Example 1

When the measurement voltage is 1.7 V:
Adjustment voltage = Reference voltage of 2.5 V - Measured voltage 1.7 V =
0.8V
Divide the adjustment veltage of 0.8 V between VR7 and VRS at a ratio of
1:3 (VR7:VR8 = 1:3 = 0.2 V:0.6 V) in order to adjust voltage to 2.5 V.

From the measured value, increase by 0.2 V using VR7 and by 0.6 V using
VRS, in order to adjust the reference voltage to 2.5 + 0.05 V.
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Electrical Adjustment

11) Press the key to rotate the attenuator. Press the key again to

stop the attenuator rotation at the position at which the displayed value on the
EDM adjustment tool is as follows:

When using J26196: .033
When using J26196NEW: 76

To reduce the rotating speed, hold down the LIGHT key in order to display
the light menu screen, then press “2: Reticle illuminator.”

Measure the voltage at TP6 on the receiver board.

Equation: Adjustment voltage = Reference voltage of 1.0 V - Measured
voltage '

Divide the adjustment-voltage value between VR7 and VRS at a ratio of 1:3,
in order to adjust the reference voltage to 1.0 = 0.05 V.

Example 2
When the measurement voltage is 0.6 V:
Adjustment voltage = Reference voltage of 1.0 V - Measured voltage of 0.6 V
=04V
Divide the adjustment voltage of 0.4 V between VR7 and VRS at a ratio of
1:3 (VR7:VR8 = 1:3 = 0.1 V:0.3 V), in order to adjust voltage to 1.0 V.

From the measured value, increase by 0.1 V using VR7 and by 0.3 V using
VRS, in order to adjust the reference voltage to 1.0 = 0.05 V.

12) Press I TRK l | TRK | (press the key twice) to display “8.000 m.” Then, press
| MRS || MRS | (press the key twice) to display “9.000,” and confirm that the
adjustment values described in steps 10) and 11) are obtained.

If the adjustment values are not correct, repeat steps 10) and 11).

VAD2 setting

13) Connect a digital voltmeter to TP7 on the receiver board.

Press the key to display “10.000 m.”
Press the key to display “11.000 m.”

Press the key to display “12.000 m.”

Use VRO on the receiver board to adjust voltage to 1.5 = 0.1 V.
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Electrical Adjustment
SIF comparator phase adjustment

14) Connect the SIG IN probe of the EDM adjustment tool to TP11 on the receiver

board. Press the key to display “13.000 m.”

Make sure the displayed value on the EDM adjustment tool is as follows:
When using J26196: 918 = .10
When using J26196NEW: 2118 + 200

15) Connect a digital voltmeter to TP8 on the receiver board, and measure and

record the voltage.
Voltage: SV1

Press the key to rotate the attenuator. Press the key again to
stop the attenuator rotation at the position at which the displayed value on the
EDM adjustment tool is as follows:

When using J26196: 116

When using J26196NEW: 268

At this point, measure and record the voltage.
Voltage: SV2

Using VR10 on the receiver board, adjust voltage SV2 to the same value as SV1.
Repeat step 15) until the voltage difference between SV1 and SV2is less than 1
mV. '

16) The EDM adjustment is complete. Press the key to display “100.000

m.” This ends the tool program.

Turn off the power switch of the device.

' 17) Install the device’s EDM-program ROM to the ROM socket on program installer

1 (J26355), then connect the flat cable to the CPU board.

The device’s EDM program is subject to change without prior notice. For the
latest information, check the program information on the newest model.

% Do not connect the flat cable in reverse.

Turn on the power switch of the device.

18) Confirm that the red LED on program installer 1 (J26355) turns ON, then turns

OFF after approximately a half-minute. After waiting for approximately 10
seconds, turn off the power switch of the device.

Disconnect the flat cable and remove the tool.

1 Oy
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18. Supplementary Information (Version Display)

The versions of the programs installed in the CPU board and EDM unit can be checked
by operating the keys on the operation section.

1. Version display

1) Press | ENTER | and arrow key. Then turn on the power switch.

The display shows the model name, then indicates the versions of the installed

programs.
DTM-851
MAIN QL2 Bios V1.05
EDM QS EDM V2.03

Sensor Sub SNS-01 V1.00
Main Disp Sub LCD-01 V2.00
1—23—2002 15:15:30

To end the display, turn off the power switch.
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EDM adjustment-procedure service manual (for J26196NEW)

Model: | | Product No.: | |
Accurately record displayed values.
LCD Caution I SiG IN E Tool display I Voltage measurement 1 Check value ! Tolerance ] Adj. vol.
- Adjust the peak using the LED and APD fiber.
- On J26196NEW, set the Model Type to TYPE B.
2m l TP11 | @) l ON ” " Maximum | Peak adjustment using fiber
GND: TP4 — For voltage measurement using SIG IN
LCD Caution | SIGIN I Tool display ] Voltage measurement I Check value E Tolerance l Adj. vol.
- On J26196NEW, set the Model Type. to TYPE B.
1im ' TP11 8 - +1 Slit adj.
2m i 2115 - +200 VR1
3m l 2115 - =200 VR4
4m J 2115 - =200 VR3
5m } 2115 - =200 VR2
6 m TP2 47565 - +1640 VR5
If high-intensity input light results in saturation of the displayed value, turn VRS on receiver board
to decrease the displayed value, then make adjustments using VR5 again.
m TP2 47565 - +1640 VRE
8m i O - Maxirmurm VR5
TP11 2118 - =200 Check only
9m *t i — OTPs 25x0.05V [VR7:VRS (1.3)
SET SIG L 76 | Press the LG key to rotate and adjust.
*2 i - OTpPs | 11.0=0.05V_|VR7:VRS (1:3)
Display “8 m,” then change to "9 m” and check 1.0 VDC.
10m |Skip
11 m | Skip
12m TP14 - OTP7 1501V VR9
13 m { 2118 - *200 Check only
{ - OTP8 SV1 — Record value
SET SIG ! 268 | Press the LG key to rotate and adjust.
) - OTP8 SV2 — Record value
Sv1=8§v2 ] - O =1 mvy VR10
Display “8 m,” then change to “13 m" and repeat adjustment until SV1 = Sv2,
100 m | Turn off the power.
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RH-0024. A

EDM adjustment-procedure service manual {for J26196)

Model: | | Product No.: | |
Accurately record displayed values.
LCD Caution | SIGIN | Tool display | Voltage measurement { Check value | Tolerance | Adj. vol.
~ Adjust the peak using the LED and APD fiber.
- On J26196, set Model Type to DTM-A and Sensitivity to H.
2m 1 TP11 ! @) ! ON " —" Maximum i Peak adjustment using fiber
GND: TP4 — For voltage measurement using SIG IN
LCD Caution | SIGIN | Tool display | Voltage measurement | Check value | Tolerance | Adj. vol.
- On J26196, set Model Type to DTM-A and Sensitivity to H.
1m TP .008 - +.001 Slit adj.
2m L .818 - =1 VR1
3m L 918 - .1 VR4
4m i 918 - +.1 VR3
5m } .918 - =1 VR2
6m TP2 477.5 - +16.4 VAR5
If high-intensity input light results in ‘saturation of the displayed value, turn VRE on receiver board
to decrease the displayed value, then make adjustments using VR5 again.
7m TP2 477.5 - +16.4 VR6
8m l O - Maximum VRS
TP11 .918 - +.1 Check only
9m " 1 - OTPS 25+0.05Yv |VR7:VRS {1:3)
SET SIG J .033 | Press the LG key to rotate and adjust.
*2 } - OTPe | |1.0+0.05Vv |VR7:VR8 (1:3)
Display "8 m,” then change to “9 m" and check 1.0 VDC.
10m | Skip
1t m |Skip
12m TP11 - oTP7 1501V |VR9
13 m } .918 — +.1 Check only
) - OTPS SV1 — Record value
SET SIG ! 116 ; Press the LG key to rotate and adjust.
] - OTPs SV2 — Record value
SV1 =8v2 ! - O =1 mV VR10
Display "8 m,” then change to “13 m" and repeat adjustment until SV1 = Sv2.
100 m | Turn off the power.
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