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Ultra-precise Angle Measuring Resolver System
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UFeatures

x Accuracy : Maximum 0.05 arc-second rms (0.030 arc-second rms in capability)
Ultra-precise angle measurement has been achieved by compensating its
inherent angle error in writing it into P-ROM, because the repeatability of its
signals is excellent.

x Output : Absolute output data in one revolution
This system can ultra-precisely measure the mechanical angle of 360 degrees as
absolute angle data. Any position memory or origin returning is not needed unlike
the conventional incremental angle detecting system.

x Resolution : 25bits/revolution (0.038 arc-second/LSB)

High resolution of 25 bits/revolution has been achieved by means of converting
the 1X signal of Resolver to 7 bits and the 128X signal to 18 bits in an R/D
converter to mix them.

x Signal stability : Resistant to the environmental change
This measuring system can perform the measurement with stable precision even
if such environmental conditions as temperature and so on may be changed.

x High reliability : Arrangement of parts compatible with its environmental conditions
High reliablity can be provided for a long time by placing the R/D converter which
consist of sensitive electronic parts in the air-conditioned control room. Resolvers
that consists of tough mechanical parts can endure severe environmental
conditions.

x Reliability with real experiences :

This system has been used extensively as an ' Ultra-precise Angle Measuring
System ' for the Investigation of Deep Space, or for the Tracking of Rockets, etc.
The technology cultivated in these experiences can provide higher reliability in
future application.

UDescription

This resolver system consists of a multi-speed Resolver mounted on the shaft to
be measured and an R/D converter that converts the signals of Resolever to the
corresponding digital data. The multi-speed Resolver has two windings capable of
generating SIN and COS signals of 1 cycle per revolution and maximum 128 cycles
per revolution of the shaft respectively.

The R/D converter converts the signals of multi-speed Resolver to the
corresponding pure binary position data with 25 bits (0.038 arc-second/LSB) and
simultaneously compensates the inherent error components of multi-speed Resolver
to achieve its ultra-precise measurement.

To manufacture these Ultra-precise Resolver Systems, it is necessary to test them
by using an angle standard which is more accurate than the products themselves.
Tamagawa Seiki Co., Ltd. has completed an ultimate angle measuring system
called 'Dynamic Accuracy Measuring Equipment’, which is the absolute angle
standard for ultra-precise angle measurement.
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Specifications
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Performance and characteristics of Resolver System

0é Items

AR Specifications

Remarks

yyyyyyyyyu

Model number

UcwnubrAeogl Multi-speed Resolver «

TS2164N1E1 TS2189N1E1

3 %!06+ R/D converter

TA3972N10 TA3972N11

syuyAyUy;yé O 9Ucg%ub Aecgi 9 9Uc%ub Aeogi
System structure Multi-speed Resolver Multi-speed Resolver

CJU SFW 3 %!0+ CJU SFW 3(%!0+

R/D converter R/D converter
Zyyyyyyyyy Z st
Out line According to "Outline" drawing
?yyyyyyyyyo "$ 7SNT ) 3 %lg+e™
Power source AC100Vrms 50/60 Hz To be supplied to R/D converter
Zy—y y'yA m z°0 «"Z—

Output code

Pure binary absolute angle position output

uyyyyryyyyo ;
CJU SFWy -4# CJU SFW -4#
Resolution
TySy-y y*yS YySNT Z<¢| y£ YySNT Z<¢q V£ at 0.2 r/min

Measuring accuracy

0.35 arc-sec rms max. (+1.0arc-sec) | 0.05 arc-sec rms max. (+0.15 arc-sec)

At the rotation speed of 0.2 r/min

ayyHyy yysS

Tracking speed

S NJO S NJO

ayZyryAycy«

Friction torque

JaN Z<

0.29Nam max.

“yry9ySycy®

Operating temperature range

Uc¥hub"Aeéogien A™ £

Multi-speed Resolver : B30jC~+80;C
3 %!0+-e

E™ £

R/D converter : 0jC~+40iC

lyyyyeéyyyyQ

Humidity resistance

Ucwnub Aeéogie E3) yl wADY6p~~
Multi-speed Resolver : 100%RH, even in condenced condition for short time
3 %15+ E3) Z<

R/D converter : 90%RH max.

lyyeyy8yyQ

Shock resistance

Uc%mub”Aeogle N T ¢ (£12<

98 m/s*(10G)max. for Multi-speed Resolver

4avUE

Transportation condition

6yyQyyoyyp

Moment of inertia

LHG &N L IS

- %o <

Calculated value

iyyyyyyyyy”

Mass

UcvubrAeéogie LH UcvubrAéogie LH

Multi-speed Resolver Multi-speed Resolver

3 %!6+« LH

R/D converter

PA »c i»"NE " UtmMoxx?7t<0 pVib{
Note : Any type of digital interface is available by request.
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Outline of Multi-speed Resolvers

O -pu -» 0 9z— 3 3
TS2164N1E1 64 X Secondary : R04-R6F
9Z— 3 3"
~>?2:00 gp<s ™ 1 X secondary : RO4-R5F
A -0 3 3
O1X-64X type, Primary : R04-R3M
TS2164N1E1, G Yar E«»

3 1' 3 1. 3
provided by Mitsubishi

Electric Corp.

1.
Attached mating connectors :
R04-P3F, R04-P5M and R04-P6

Nosl
5-M6 Depth 10 EQ, SP
1

Nosi
8-M4 DepthGEQ SP
1%9

Il “@ 6/$ #
SN\ \\\\\\\\\\\‘\\ . S8
Depth 5.1 min. EQ, SP
1$% 1
6/$ #
- A~ Zisd
- Depth 9.5 min. EQ, SP
1$% 1
a
z
1
O -p -»0 9z— 3 3
TS2189N1E1 128 X_%econdary : RO4-R6F
O1X-128X type, Prlg;ry_ R043R3M3
TS2189N1E1, 1 X Secondary : R04-R5M Z¢»"q ilE"W
C Yae E«» CGO
3 1' 3 1. 3 1. s | 2¢»" C.j@
Attached mating connectors : 7
R04-P3F, R04-P5M and R04-P6M t
| L—_l Nosd
8-M6 Depth 15
— 1$% 1
Zero marking (REF) s
-
L] o
C :[ =z
.BY

8-M5 Depth 10 EQ, SP
P l$%Q 1

AC$

«-0¢3 3 .£

H%H H Primar
Wiring diagram : -
eocli E«»z
Phase of Resolver | Connector Pin No.
R1.R3 A
R2.R4 B
GND C

Unit of all dimensions is mm

;+9Z—¢3 3£
1X Secondary

éocli E«rz
Phase of Resolver | Connector Pin No.

S1 A
S2 B
S3 C
S4 D
GND E

]

;o0 9Z—¢3 3 '£
n X Secondary

eocli “E«»z
Phase of Resolver | Connector Pin No.

S5 A
S6 C
s7 B
S8 D
GND E

]
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Outline of R/D Converter
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External wiring of Multi-speed Resolver and R/D converter
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Unit of all dimensions is mm

e T ;1'_"__}_ P~ 1 Equivalent to74LS541 + 1
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F .
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( — (/%
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“6-5[ _ DPN > yxios
ON at normal
03
YR > vxio/
ON at normal [*—)0-%
. -4 ip L/
E«»®°a List of connector 74L.S541 or equivalent
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Dynamic Accuracy Measuring Equipment
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feccl
Resolver under test

ajai Y
Reference encoder A

az"Ozei-
Air bearing

HALOP"»

N S AN o Cu i
huzSé6”rS =+"w-qt 1/100 Swl p Lo et en e
6"Ss »>Do6t f h{ Step motor
Description %$DP »Cs8;E L— 2k
DC motor Control panel
This Dynamic Accuracy Measuring Equipment was He ajai—y s
Reference encoder B

developed and manufactured by Tamagawa Seiki Co., Ltd.
under the technical assistance of Masuda Laboratory in the rj—’lyﬁ
|

Shizuoka Science and Engineering College for the purpose 77
of measuring automatically the angle error of Resolvers and ' i R 7
. . , *
Encoders' with uItrahlgh.accuracy at every small angle step. Mechanical structure
Usually it takes more time to measure the angle accuracy
with high precision at every small angle increment, because —
0, " ?
the angle standard must be moved by hand. But the S)C$mt:)t0:) ., Power gupmy
ultrahigh accuracy measurement has been made possible .
by this D ic A M ing Equi . s s8; NETE7% - C%sl i
y this Dynamic Accuracy Measuring Equipment in a Constant_ Reference encoder A Adder circuit C—
shorter time of 1/100 of the former method. speed rotation _ — _ i |8ci»@"A 3-,-
mechanism fiveoci—ni™y, 3 %!10;68°¢IwE Counter board | |p p|
Resolver / Encoder [ R/D converter L uy
. to be calibrated (Resolver only) TO
19 Ey
& A LA . e BENEREZE L. b T si . R
S67S <+"XxsUA EO>;Moz=+"w,]j Avz Reference encoder B Wave shaping circuit MA§ é " R
SUZ+wEmij)>lYb"\qt'“+">6"S Di\;]iding A bip e Dividing control
_~ -, A » mechanism |, | HA¢Di-bP"» |l P"» TAé”a na board
=z f UZ+w "S>87St b"«w P b { S({epping motor Motor controller sl
sUA EOgxz,j"SUZ+w S«"j)wN P ~ e 2
,SuA EOGxz.) 5+71) (Y3SUAUOG¢ «$
@8RU>"Zb"\qt'loUZ+wi)>1Yb Block diagram of calibration system
"MUpb{\wsiA EOXx 360AsUAb"' Ot
107S>3NAAdzI0"Se"j)> ‘zfw
" Cug Sy T " fojei™"Yawly
AL> %ob”\gqt'“a‘'wUZ+wi)>IYDb e %o ce w7+
<wphb{ fiveogi—ni™y siA EO
Principle Resolver / Encoder f Calibration of reference encoders,
p to be calibrated Measure to compare two reference

encoders, A and B.
Equally Divided Average Method

s s8 l
Constant speed rotation

Dynamic Accuracy Measuring Equipment is capable of
measuring precisely the angle accuracy of products under
examination by means of calibrating any error inherent in R Y
the detector of the angle standard by using the Equally Reference encoder A
Divided Average Method.

LfIYaiTyawiy
JjeiTvatqzt

This Equally Divided A Method to calibrat Jut TEqze
is Equally Divided Average Method means to calibrate i fwivepay N
the error of the detector by abstracting the Fourier Reference encoder B ——__ | » Calibration of encoder under examination
. X A*Z Measure to compare with the refernce encoder A.
components from angle position error data of the measuring Dividing | Measure to compare with the refernce encoder B.
. . . . Compensate them by the calibration data of f .
equipment. It makes relative angle shifted so as to divide
360 degrees equally, measures a position error at every lyYy yq
relative angle and calibrates the error of each detector by Calibration procedure
computing these data.
1 30.4Y
P-ROM Compensation
g°¢ci™S- 3pAUx6qQwWK"UZi)>EloMEb{ The detected data of the Angle Measuring Resolver System contains
HM$ oz\wi)éeOg¢> “tX‘0z3 %!6+°p4Y a certain level of repeated errors. So we can improve its measuring
>»Z"\qpz06”Ss- >DAotb"\qUpVib{ accuracy by compensation in the R/D converter so as to remove
4Yx1 30.tUc%ub"Aecciwi)>{V "z\wA these repeated errors.
"»>a SwUZO6@T’') %X\qpzi)>it'zO006 This compensation is performed by means of writing the error of
N"Ssb6eq oMib{ multi-speed Resolver into P-ROM and subtracting the error
\wl 30.4Yt'“z0067S7S- >Tq oM1b{ components from the detected signal.

Thus the ultra-precise angle measurement is realized by this
P-ROM compensation.
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Multi-speed Resolver

Block Diagram of Resolver System

3 %!06 + R/D convertor
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,%3 m n IJ'I s #*5T . |
AZ axis Y_L'% RID J.
9 st She calwcon
yyyyyy Parallel signal
#6"
f | T 0-% " )o-%
#*5T
4v; T
)0-% 30. .
ROM for |
|
Cuee
Ugtpp Aeocl OSC for |
Multi-speed Resolver excitin '
54 /& | L. ————— J
. —_———
ey | )
J )
EL axis — &- CJWETo0
yyyyyy Parallel signal
ITRx";q% a
System structure is the same [— &-)0-%
as that of AZ axis.
¢108&3 0f
- (Power indicator) oy
2?0 Power supply A 1'#
5 ot Noise filter
‘(eZef'E
FG (External grounding) j:'
"6-5 I~ '""6-5 A "6-5 0
AN e """/ "-. P FAULT indicator
o N 3 AT R g
e°cI*pAUA"» Resolver : TS2189N1E1

O Data of Resolver System

OeocizpAUIUNS
Total accuracy

R/D converter : TA3972

OeocispAlUBqQ
Angle repeatability

o I
¢ ¢
o . S
S A
S 5
o ) )
n m -
o £ =
< M < M
H M
H H
u 1 1 1 1 1 1 1 u 1 1 1 1 1 1
Te"CAE Te"CAE
Angle position () Angle position ()
{Twe™
Cautions for Handling of Resolver System
Uf a-w CZ _ UMounting Resolver on the shaft to be measured
O CzZx S;aj)UASo-~"X6qQw - OThe precise coupling which has a very small
K" ug¢Oei->—; 0<"M{ angle transfer error and repeatability should be
08;0&@i-~t'"Ug¥%ub Aeogle used for mounting the Resolver on the shaft.
wYOxZ<weOgq o< "M{ M/ OThe loading to the multi-speed Resolver by the
mduAaO 'Bf /¢T LHGEZ< \ coupling should be less than the following level.
4°72¢a0'S'Y /¢ LHGEZ< Axial load : Fa = + 49N (+5kgf) max.
€"» COtOb"P"YIA .1 / aN | Radial load : Fr = + 98N (+10kgf) max.
¢ LH&NNEZ< L Moment to rotor mounting surface : M = +2.94
lFr Néam (+300kgfanm) max.
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Wiring

OUc%ub Aeogiq3 %!6+qw ¢x...8u NN ZipoRis»
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1% °q 0<"M{

Twisted shield cable with the cross-section area of 0.5 mm? or more and less
capacitance should be used for wiring between the multi-speed Resolver and the
R/D converter. The length of electrical wires should be equal in each line of phases.

OzAt azi+-"0O¢qE0~"dol 30.4Y>&M"S>- ~d”"\q

«<Dopb{

It is also possible, if necessary, to obtain satisfactory accuracy by applying P-ROM
compensation to both a multi-speed Resolver and the cable connected to the
Resolver.

Oj ¢x SZ—psXslh*zSRwQoUZsXslh“ tb{«™X

i"M{

Take care of the wiring, because any wrong wiring may cause failure of outputting
data or deterioration in its inherent performance.

avaq-

Transportation and Storage
OUc%ub Aeogixl ¥QUK qtlo« pu;s@¥%pb{aVi
t¢8>CQsM'Ot oXirM{thzi”U LHZIK“tbwpz {
MtxFlU«™ 0Xir"M{
The multi-speed Resolver has strong environmental resistance but it is a kind of
precise mechanical part. So never apply any shock to it during transportation or
handling. Take care when carrying it by hand because its mass is more than 25 kg.

O- xé°p- "0< "M{D6b6pKeyziDrehé°pw- >S&M

“ib{
These Resolver systems shold be kept inside. Storage in an air-conditioned room
is desirable.
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