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TWO Speed Synchro Data Processor
) _3A State 20-bit Data Output

(20 blts)
ngh accuracy
- (21 bits or % LSB)-
‘3-state output
~ (8 and 16-bit data-bus compatlble)
36:1, 36:2, 18:1, 9:1 Ratios :
" ~"(With same module) -
,0 No ambiguous output readmgs .
- Fast parallel operation (250 ng) -*°
. Automatlc correction of m|saI|gnment
"~ between synchros
= (up to £90° of fine synchro)
Prlced at $235/USA price -
- {(TSL 1X36-1S) .

- ACTUAL SIZE

Ordnance control = oo e -
_Radar tracking - '
~ Navigation - : EERCAR

Htgh accuracy lndustnal control systems

“Model TSL 1X36 accepts 2 binary word inputs from two A two-speed synchro (or resolver) system consists of two -
synchro (or resolver)-to-digital converters in-a =~ - synchros geared electrically or mechanically to a single -
mechanically or electrically geared coarse/fine systemand shaft. One synchro provides coarse posmontng ‘of the -

-provides a single unambiguous 20-bit binary output - angle and the second synchro, through gearings, provides :
representmg the coarse shaft angle. A new feature - fine positioning of the angle and improves the resolution
provided in the TSL 1X36 is its 3-state output, available in and accuracy of the system by & multlple equal to the gear

- three bytes, ‘which allows it to be compatible with an 8-bit ratlo {less gearing errors). . L
_-data-bus. With a resolution of 20 bits, the TSL 1X36 - T :
processor provides an accuracy of + % LSB ... afactor of 4 In order to convert the shaft angle mformatton lnto a smgle )

|mprovement over exnstlng unlts such as Natel s TSL1 036 unambiguous digital word, the two-speed processor : :
B L N TSL 1X36, together with two synchro (or resolver)-to-digital -
In, addltton to htgh accuracy and 3-state output, the converters is used. A coarse converter of very low accuracy
- - processor is less than half the size of existing designs. fn and a fine converter of moderate accuracy together with
- _spite of its size, the processor is not a hybrid, rather it - the TSL 1X36 |og|c combiner provide a very high accuracy
: employs a different desngn approach that allows it to cut - 2-speed conversion system. The TSL 1X36 processor can

accept data from any type of synchro converter that - .-
£ ' . provides parallel binary outputs. This includes all trackmg,

) Although the un|t descrlbed ln thls data sheet provrdes for sampling types or multiplexed . . . hybrid or discrete

~ ratios of-36:1 and its binary multiples, processors for speed converters (for information on synchro converters request

,rattos of 2:1 thru 72:1 are. avatlable on specual order ©_ the Natel Synchro Conversion catalog). . .- - .

! srze wuthout mcreasmg cost

_ The mpu s to the TSL 1X36 are up to 14 bits from the flne T -
- converter and 7 bits from the coarse converter. The
two-speed processor may be used with any synchro =~ - .

(or resolver)-to-digital converters that produce a parallel " Ina2-speed synchro system it is almost impossrble to--
eI mechanically align the two synchros exactly. In addltton
LI : e L there Is a backlash error in the mechanical gearing of two -
When use w:th atel Hybrid converters of the 1000'series, " synchros. These errors, called misalignment errors, are "
_*.a complete 2-speed converter occupies less space thanthe  automatically corrected In the two-speed processor. The
original processor:;.. . (3.1 x 2.6 x .42"), while prowdlng a _  TSL 1X36 corrects misalignments of up to £ 90° of fine - =™

- 20-bit, 3-state output . " synchro shaft angle (+2.5° of coarse shaft angle for 36:1 - -
system) by using the fine synchro converter input as the -~
reference and continuously adjustlng the data of the coarse =
synchro converter as requlred P SRR
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Theoryof Operation === e s

'he operation. of Model TSL 1X36 Is illustrated in the block -
diagram of figure 1. The 7-bits of coarse digital word are -
- multiplied by 36 to obtain coarse data rescaled to abinary
~-muitiple of the fine speed digital word, The 3 MSBs offine -
speed data are compared with the corresponding bits of
.rescaled coarse data. If the two-do not match the coarse
data is modified to align it with the information contained .~
n the fine data. The corrected coarse data together with
--14-bits of fine data represent true angle free of any - 3
~ambiguity or misalignment error. This data isdividedby36 - -
to obtain the 20-bit digital word whose MSB is 180° and . . .
“-represents angular position of the coarse shaft of the .=.7
-.two-speed system. This data is then supplied to three, "~ .
- independently controlied, 3-state buffers organizedas a ..~
““high.byte of 4 MSBs, a middie byte of the next 8 bits and . o
“-a fow byte of 8 .SBs. Simultaneous parallel outputofall - S e L T e T
-3 bytes is obtained by applying logic “0” (Ground) to the ' Sl o
~three enable control lines, HBE, MBE and LBE. S
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| Specification:

4 361, 18:1,0:1 ) -
1 Up to14-bits paraliel binary angla
Up to 7-bits paralle! binary angle -
DTU/TTL compatible (positive logic) . .

Up to 20-bits paralle! Binary Angle

+ % LSB s 1.
DTL/TTL compatible {positive logic) ~ =% - |- g
5 TTL loads e - LT

Thres State Ouiputs

| Low level OFF state current (I.z) -
High level OFF slate cumrent {(i4z)
Output short circuit current (Igs)

ENABLE CONTROLS (HBE, MBE. LBE) L ’

S DTL/TTL compatible

R 1TTLload > .

100 pA MAX (V=05 V)
100 pA MAX (VG=24 V)
-50 mA typical . .-

FIGURE2 TSL 1X38 Pin Assignment = -

1 Maximum mechanicatl misafignment -

-1 180° of {ine speed input

between coarse and fine synchro. "} (eg. 12.5° of coarse shaft for 38:1 System} | -

250 ris typicel 320 ns max -’

6 V-dc  10% Do T
500 mA typicai, 650 mA max

2.625 x 1.325 x 0.35 Inch .
(66.7 x 33.7x89mm)
20z (56 gms) max -

-+~ Input voltage -

.. Input current .

2 Output current’, ..u sy
Storage temperature .

iivihes D5 V-dcto 7.0 V-dc -
-»»-~1,0 V-dc to 5.5 V-dc -
vosee =10 MA to 5mA -
“ees -B0 MA fo 50 mA
e =55°C to+135°C *

Coa{rsé Ang-le Binary input. ) 5
C1is MSB,C7isLSB o

" Fine Angle Binary Input =
_F1is MSB, F14 isLSB ::

" Power supply ground
~ digital ground .

waér supply voltage +5 V-dc o

‘Combined Ang|é'Binary Oufpuiigf

. 1=MSB,20-LSB .

High Byte Enable —— =~ e n 5 0
Output bits 1 through 4 are enabled (low .-

impedance of 3-state output) when HBE is - L

set to a logic “low.” When HBE is settoa ~ °
logic “high,” the output bits 1 through 4 are

"~ disabled (high impedance state of 3-state
Loutput) oo o s T Y

‘Middle Byte Enable ——

A logic low on MBE enables
output bits 5 through 12 - .~

*" Low Byte Enable — "

Note:

A logic low on LBE enables outbu_t o
bits 13 through20 = - " . . 770"
For simultaneous 20-bit parallel output FIBE, .~
MBE. and LBE should be connected to ground.
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. ,_AFlgure 3 shows input connections for different speed ratios. -

; ‘Note that for a speed ratio of 18:1 coarse input C1is

- “grounded and output MSB (180°) is the output labeled 2.

For a speed ratio of 36:2, although input and output

‘connections are same as that for 18:1, the MSB output (2) o

tepresents 90°. For a speed ratio of 9 1 inputs C1 and C2

- are connected to ground and output bit 3is the MSB (180°). :

:i,_ For fine speed digital input of less than 14-bits unused LSB .

mputs must be connected to ground

Depending upon the type of converters used — sampllng or

tracking -- there are different methods of transferring data.

- The input data must be stable for the duratlon of conversron _?{; 2 T

~ The recommended method for data transfer from tracktng S

" converters is to combine converter busy outputs of both
- _fine and coarse synchro converters with an OR gate to
_ monitor when neither converter'is updating. Apply an

"7 inhibit pulse to both converters simultaneously and when

the data output from both converters is stable (as indicated
~ by the combined busy output) transfer output data. The
- 'converswn tlme for the TSL 1X36’ is 320 ns maxlmum

" coarse synchro converters with an AND gate. When data is
ready for both converters the input data may be transferred.

If, instead of DATA READY, a CB (converter busy) signal is

available, then an OR gate would be required to determine
if the data is stable. For muitiplexed systems storage
registers would be required for fine and coarse data.
Contact one of our apphcatrons engmeers lf you need
assnstance for your desngn SR

. OUTPUT DA TA TRANSFER onan 8-b|t data bus Is shown

is available 320 ns after the input data is applied. When a
logic low is applled to the enable controls, the '

Enabie control LBE transfers 8 LSBs, MBE transfers 8

_ mlddle data brts and HBE transfers 4 MSBs on the data bus' =

corresponding data-bits are loaded on the 8-bit data bus

Data transfer from samplmg convertersis accompllshed byi' :
- .~ combining the DATA READY outputs of both fine and Y

—. infigure 4. The timing diagram for data transfer isshownin -
figure 6. Access time and recovery time for enable controls "
_is shown in the timing diagram of flgure 5. The output data

: Note that user should av0|d havmg more than one reglster B

-~ enabled on the bus at one time since the enabled outputs
- will deliver short circuit current into other enabled outputs

o - wired together. While physical damage to the converter is o

- unlikely, long-range affects of short circuit currents are -
" unpredictable. . o :

e -

FIGURE 4 Output Connsctions for 8-Bit Data Bus

FIGURE 5 Enable Accass Time and Recovery Time

DATA | DATA
CHANGING STABLE

OUTPUT DATA i
READY :

8 LSBs TRANSFERRED
l" TO DATA 8US.

U '/3 MIDDLE BITS TRANSFERRED
T B

O DATA BUS

U MSBs TRANSFERRED
TODATABUS .~ - -
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_ . 1. Pins are goid plated (50 pinch mln
2. Dimensions shown In inches and {mm)

Hybnd (36-p4n DDIP srze) Synchro (Resolver)—to-DrgItal
. converters wuth 10 to 16-b|t resolutrons (1000 serles) :

Hybrld (36 pln DDIPsrze) Drgltal-to-Synchro (Resolver) ;
converter with 14 and 16 blt resolutrons (2000 serles)
kR
Two-speed Synchro (Resolver)-to-Dlgrtal converters
- with 16 and 20-bit resolutions in a smgle package.
- B MIL-STD-883B T (Models 2SD402 and 2SD412)

C=MIL-STD-883C

'Angle posrtron rndlcators and synchro lnstrumentatlon
. for one—speed and multr-speed apphcations .

for part number

LA wrde renge of applicatrons assrstance is available from Natel Appllcatlon Notes can be requested when avarlable .
and Natel's applrcatlons engmeers are at your dlsposal for specmc problems. .

_ Speciﬁcaﬁons sub]ect to change wlthout notice 7 s
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