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CAUTION

High voltage exists at several points in the instrument. Normal

precautions consistent with good practice should be taken to
reduce shock hazard.

A potential shock hazard exists when ungrounded power source or
ungrounded case operation is employed. Persons operating the
instrument should be made aware of and take precautions against
this condition.

Morth Atlantic Industries, Inc. cannoct be held responsible for
damage to person or property in the process of or as & result
of maintenance, calibration, or setting up of the instrument.
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SECTION 1

GENERAL DESCRIPTION

i.1 GENERAL

‘his manual contains ganeral description,
installation, operating instructions, main-
tenance and troubleshooting procedures,
replacement parts lists, and schematic
diagrams for the Resclver/Synchro Bridge,
Model 540,10 (herein after referred to as
‘he Model 54010} .

1.2 PHYSICAL DESCRIPTION

‘he Model 540/10 {fig. 1-1) is a 3-1/2-
inch rack mounted instrument.

.3 FUNCTICNAL DESCRIPTION

The Model 540/10 provides the means for
neasuring directly the angular shaft posi-
fZion of both three-~wire synchres and four-
wire resolvers to an accuracy of 2 seconds
5f arc.* In addition to its dual-mode
sapability, the Model 540/10 will accommo-
date synchros and resclvers operating at

any of the standard voltages up to l1l5Vac,

naximum, Its high input impedance and

ability to measure synchros and resolvers
either as components, or as elements of
operating systems, permit 1t to be used
with equal accuracy in the laboratory, on
the production’line, or in ground checkout
systels. 1

Aocuracy of two seconds for all angular
positions is achieved through uss of a
unique ratio transformer bridge, developed
at North Atlantic Industries for this ap-
plication. Null voltage gradient is con-
stant over the entire range of angle, par-
mitting use of the instrument for rapid
deviation measurements on the producticn
line or in systems evaluation,

The Model 540/10 is designed for optimum
accuracy at 400Hz and is useful over the
extended band of 400 Hz to 5kHz with some-
what reduced accuracy. Both input and out-
put are isclateéd to provide high common-
mode rejection and to permit the use of any
Worth Atlantic Phase Angle Voltmeter as the
null indicator.

LAl Ty
wDEE e

3 :

T

@

7 5T nh ]
TAQ 00

Q woRTH ATLANTIE 540/

Figure 1-1. Synchro/Resclver Bridge, Model 540/10

“*pccuracy of all North Atlantic Resolver/Synchre Bridges are verified by comparison to
Ratio Standards which have records of calibrations traceable to the National Bureau of

Standards.
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1.4 GSPECIFICATIONS

Table 1-1 provides physical and functiecnal specifications for the Model 540/10C.

Table 1-1.

Specifications

Item

Specification

Voltage (L-1L)

Accuracy

Nominal input impedance (at 400 Hz}?*
synchro
Rescglver

Resoclution

- Null voltage gradient

Standard unit

Option 04

Transformer ratio
Standard unit
Option 04

Cutput/input
Size

Weight

Nominal 11.8 te 115V rms

0.8 f volte, where £ = freguency in Herz
150V rms, maximum '

5V rms, minimum

28 at 400 Hz
45 at 1kBz

158 at 2 kHe
€0 g at S5kHz

500 K
750 K

¢.o0001°

0.55 x Ep.p, yV/arc -s
2.0 % Br.7, WVW/.001° z1%
4.95 x Er.31, uV/arc ~s
18.0 x Eyp.y uv/.001° %1%

9:1
1:1

Isolated
3-1/2" x 18" x 15-1/8"

30 1ks., nonminal

*Input impedance tested as follows:

Resolver mode ~ tested when excited with 115V L-L, 400 Hz resolver data at 45° shaft

angle.

gynchro mode - tegted when excited with 115V I-L, 4C0Hz synchro data with odd lead

OPET .

81-82 - 30° shaft angle
51~53 -~ 90° shaft angle
§2-83 -~ 150° sghaft angle



MAI TM 5006

SECTION 2
INSTALLATION

The Model 540,10 is designed for either generate no heat and, therefore, there
rack mounting or bench use, The compact need be no space allocated for cooling
3-1/2" height and standard relay-rack width PUIPOSES. :
aliows its installation into a large variety
-of test consoles with a minimum sacrifice An outline drawing of the Medel 540/10 is
of space. The all passive circuits used, iilustrated in figure 2-1,

-11/32

1/16—1ﬁfr—~i——«ﬁ

4
i TUUUVUGD 1.
Tm R R Br:::::;c:»!?
i

{0 00O

§ rorms wrannd B &%

@  t5.15/32
@
Q o]

o

174 .j —‘ﬂ.}jﬁ‘ FIiE YYP

IYe Rl V2 R Al

Figure 2-1., Modsl 540/10 Outline Drawing

2=-1/(2-2 blank)



Table 3-1.

3.2 CONTROLE

z and Indicators

Function

N

e

i
<

R

)

=

Ey
-

1.

Dec

o

. BYHN and BSVR terminals {(front and rear

ect controls and In-line

Sel
1 Readout

e
ima

panel)

1R

fuse

Selects synchro or resolver mode of oper-
ation. It also selects rear pansl input
tayminals. This feature allows simulfan-
eous application of resolver and synchro
data to the appropriate rear panel termin~
als and alternately switching between them.

Selects synchro mode of operation.
Selects resclver mode of operation.

mhe electrical angular setting of the Model
540/10 is adjusted by means of the Angle
Selector controls. The angle is read di-
rectly above these controls.

The first switch controls the most signifi-
cant digit and advances the anglie in 10°
steps. This control is continuous (no stops)
enabling the user to go directly from 350°
to (°. The second control controls the
units of degrees from 0° to 9°. The third
and fourth switches contyol tenths and hun=-
drsdths of degrees, respectively.

The £ifth control, a potenticmeter, provides
thousandths and ten thousandths of a degree
resclution. The readout for this control
has major divisions for each thousandth of

a degree and a minor division for each ten
thousandths of a degree, facilitating inter-
polation to one ten thousandth of a degree.

Three-wire synchro and four-wire rasolver
data of 5 to 115V iI-L available [front and
rear panel) when Mode Selector switch is in
sy and RSVR position, respectively. By
ptilizing the rear panel terminals, the unit
can be alternately switched from resolver
to synchro operation without changing ter-
minal comnections.

The unit is protected by a 1A fusze which
is located on the reay panel,

3~1
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. The Model 540/10 is designed for use with
an accompanying phase angle vgltmeter such
ags North Atlantic's Model 213C, 225, or
321. The PAV detector should have its
signal input terminals connected to the

HI and LO null terminals (insulated and
floated) on the front or rear panel of the
Mcdel 540/10. For most applicationg, the
L0 and CASE terminals may be Jjumpered in
order to tie case ground to voitmeter
ground.

The veference input to the voltmeter is
usually taken directly from the line volt-
age used for synchro excitation. Figure
3-2 ghows a typical hookup.

Hormally, the isolated output of the Model
540/10 makes unnecessary any additional
isolation in a measuring system. However,
since grounds may be mads via circuits

3-2

™™ 5006
@51 £2 L2 54 @
(T Fi 0
AR O ceesne
@O0 e
Sy NINRO
COrsvRe - SYN rarcss o
néﬂfcbﬂé: @ g @ @ i s ! NULL
R}@sz SYN . O i
80" 00000 &
B4 B
o C) Lo~
Figure 3~1. Controls and Indicators
3.3 HOOKUP WITH ASSOCIATED EQUIPMENT over which the user has no control (e..g.,

the line may have one side grounded and/or
the rack may ground the case of the Model
540/10), proper operation may require ad-
ditional line, signal, or reference iscla-
tion.

Proper phasing of the PAV is achieved by
setting the phase shifter in the PAV, Fox
low accuracy measurements or when follow-
ing test methods of MIL-5-20708A, the phase
dial can be set at 0°. For higher accuracy
or where system usage of component undex
test so dictates, the phase dial setiing
ghould be m in the nner describesd in
paragraph 3.4.1.

T &

-]
Sle HEa

3.4 USE AND APPLICATION

With resolver or synchro data applied to
the proper input terminals, and the Mode
switch in the correct position, the Model
540/10 may be used in one of the following
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{ €T (Typ. Load)

¥ Test Item l

Resolver-Synchro Bridge 540/10

Kull
Output

Ref

Figure 3-2., Typical Hookup
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three mannerss

'3.4.1 Reading an Unknown Data Angle
a. Using the first Decade Angle Selector,

: adjust the Model 540/10 to cbtain an
approximate in-phase null, as read on
the PAV. The PAV phase shifters should
be set to 0°. At this point, increas—
ing the Model 540/10 angle should re-
sult in a more negative deflection of
thHe PAV. If a more positive deflection
results, the Model 540/10 angle is in
error by 180°, This is the false null

- degeribed in the Theory of Operation.
In that ¢ase, increase the Model 540/10
angle by 180° and again repeat the
above check., With the first decade
so adiusted, adjust the remaining
deczdes, in the order of their rela-
tive significance, to obtain a com-
plete null on the PAV. It will be
necessary to down-scale the PAV while
these adjustments are being made in
order to obtain maximum sensitivity.

b, In step a, above, it was indicated
that the phase shift of the PAV wasg
set at 0° so as to produce an in-
rhase measurment consistant with
fI1-5-20708A procedures.

'3.4.2 Adjusting a Transmitter, or

System, to a Pre~determined

Angle '

a. Using the five decade angle selectors,
' adjust the Model 540/10 to the desired
angle. Then adjust the transmitter
to obtain an approximate mull on the
BPAV.

" b. At this point, increasing the trans-
: mitter angle should result in a more
pogitive deflection of the null meter
Bssuming the systew cr components are
hooked up in accordance with the con-
vention of Section 4. If a more neg-
ative deflection results, the trans-
mitter angle is in error by 180°, In
that case, increase the transmittexr
angle by 180° and again perform the

ahove check.

¢. Set the PAV to a more sensitive scale
and adjust the transmitter for a per-
fect null. Should system reguirements
reverse directions of rotation, the
above rules should be medified,

3.4.3 Using the PAV for Reading
Angular Error

This method is freguently used in testing
synchro or resolver components where inputs
are in the form of discreet shaft angle
increments.

a. Mount a component in a device such as
a dividing head.

B, Set the Model 540/10 and the dividing
head to 0°, and adjust the component
for 0° angle in the manner described
in the previous paragraphs or by the
electrical zero method of the appli-
cable military specification,

e. Advance both the Medel 54G/10 and the
dividing head in the desired incrementis.
The amplitude of the null voltage, as
read on the PAV, is related to the
error angle and the line-to-liine volt-
age for small deviation at all angle
settings and either mode in accordance
with the following formulas:

uv/s = 0,55 % (L-L)
wv/0.001° = 2.0 x (L-L)
Where {IL-L} = Line to Line voltage

for either syonhro
or resolver compeonents

Since the above eguations are nominal and
in general lead to an odd number of seconds
or minutes for full scale meter deflection,
& voltmeter incorporating a range adjust
vernier option should be used for maximunm
ease of operation.

3.4.4 Other Applicatiaons

See Section 7 for detailed information on
testing synchro and reseclver components.
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SECTION 4

CONVENTIONS

is the voltage between gtator
leads 81 and 82. Other volt-
nventions for polarities, terminal des- ages are similarly defined.
nation, and direction of shaft rotation '
for synchros and resolvers are most fre-
quently defined in accordance with military
specifications MIL~5-2070BA {(synchros) and
MIL-R-2i530 {resolvers].

4.1 GENERAL Es3o2)

N is the ratic of the maximum
rme veltage between the sec-
cndary terminals (stator) and
the primary rotor voltage.

g is the shaft angle displace-
North Atlantic bridges and simulators all ment from electrical zero which
heve terminal designations and elecirical satigfies these eguations.
characteristics consistent with these same :
specificaticons, Thus, a bridge is used as The schematic representation for a Synchro
+though 1t were a receivinyg compenent such Transmitter {C¥X) is shown in figure 4-1.
-as a control transformer {CT or RC). Likew - NOTE
wise, & simulator is comparable to a trans- .
mitting component (CX or RX). Synchro is shown at & = Ep (elec~
- trical zero). This is defined as
In applying the conventions, caution must ‘ that angle- for which coupled volt-
be exercized that: age between the rotor and E{Sl~s3)

is & minimam,
= The manufacturer cf the synchro or :
resolver followed the MIL SPEC con- 4,2.2 Bynchro Simulator
ventions. f
The input and output terminals of the Model

« System use of the component has not 53C in the synchro mode correspond to
dictated a change in convention in figure 4~1 and are indicated in figure 4-2.
order to achieve a difference in

characteristic, such as direction 4.3 SYNCHRO.RECEIVER CONVENTIONS
reversal or mechanical shaft offset. :
4.3.1 8ynchro Receiver (CT}
‘.2 BYNCHRQC TRANSMITTER CONVENTIONS .
g The eguations describing an idesl synchro
£.2.1 Synchro Transmitter (CX) receiver or control transformer {CT) apply

: as well to all Series 540 Bridges. They
The equations describing an ideal Synchro are: ‘

~Iransmitter (CX) apply as well to the

Model 530 Simulator. They are: E (ro-r1) "N IE (g3.2) SIRO-E o) oy SIn(84120)]
E = NE Sin 6 ~ -
(51-83) (R2-R1) B=E (| 531 *E (83-52) *F (s2-51)
. - [ s o
F(s3-32) NE o pgy Sin (8 + 1207)

Where, symbols have meaning defined in
. paragraph 4.2.1.
= + o
F(s2-51) NE (gogyy Sin (9% 2407
The schematic representation for a synchro-
is the voltage between receiver (CT) is shown in figure 4-~3.

rotor leads Rl and R2.

Wh : E
SEEE (re-r1)



&AI ™™ 5006

g2
EZ
{+68 ig cCcw as _
viewed from -+
mounted end) -
RZ 83 £l
N\ / \ /
CX = Rotor C¥ = Stator
Figure 4-~1. Synchro Transmitter (at E2) - CX

" N O T L e
_ s Logeenitrs S 1
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Figure 4u2; Model 530 Simulator - Synchro Mode
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Figure 4-3.
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Synchro Receiver (at EZ) -~ CT



NOTE

Synchro is shown at & = 83
{electrical zero). This is
defined as that angle for
which the coupled voltage

to the rotor is a minimum
when the stators are excited

AL TM 5006

4,3.,2 Synchro Bridgs

The input and output terminals of the Model
540/10 in the synchre mods, are analogous
to those of a synchro receivexr {(LT). The
gonnections which correspond to figure 4-3
are shown in figure 4-4.

+ & - Diasl Setting

12

hetween B2-51, 53.
231 :
Rk
51
Input

From Synchro
Stator CX or CDX}

52 Syn_ _i ,2=“.§. R2
X ©"0 00 Qi@

. R
"caseD)

Output

to
Wull
Detector

Figure 4~4, Model 340/10 Bridge -~ Synchro Mode

4.4 RESOLVER CONVENTIONS

4,4.1 Resolver Transmitter (RX),

Contrcl Transformer {RC),
and Differential Resolver (RD)

The eguation describing an ideal resolver
‘apply as well to the Model 540/10 Bridge
and Model 530 Simulator, They are:

.For Rotor Energized Resolvers:

Cosb~NE Sing

i =
NE {RZ~R4)

(81-83) (R1~R3)

N CosO+NE Sind

E =NE
T(82-84) {R2-R4) {R1-R3)

‘For Stator Energized Resolvers:

E(31_33)=NE(SleB}CQ58+NE{52“34)S;n8

Cos8-NE sind

N (S1-53)

Ero-ra) N (52-54)

‘Where, symbols have meaning defined in
paragraph 4.2.1.

The schematic ?epresentation for a Resoclver
Transmitter (RX}, Resolver Control Trans-—
former {RC), or a Differential Resolver (RD}
with the rotor excited is shown in figure
4-5, Input and output can be reversed for
stator excited schematic.

NOTE

Resolver is shown at 8 = EZ {elec~
trical zero). This is defined as
a minimum ‘coupling from (R1~R3} to
{52-54) for rotor excited case.
For stator excited resolver EZ is
defined for minimum coupling from
{51~53) to (R2~-R4}.

4.4.2 Resolver Simulator

The input and output terminals cof the Model
530 simulator in the resclver mode is anal-
ogous to that of a rotor excited Resolver
Transmitter (RX). The connections which
correspond to those shown in figure 4-5
are illustrated in figure 4-6 for a Model
530 gimulator in the resoclver mode.
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1
o R
m s )
Input . GT g
e _ Qutput
+ _
(+8 is cocw as
viewed from
mounted end)
Figure 4-5. Rotor Excited Resolver at EZ, RX, RC, or RD
& & = Disl Setting
(Bi) R2
E L-w0utput
e JBIN TO
{16} BRE o )53 . Resolver
' B 2—wRC O
s Input From cos
Exciting Source . SR

Figure 4-6. Model 530 Simulator - Resolver Mode



NEI THM 5006

Mlternate Resolver Simulator conventions {(all assume CCW is positive rotation) are shown
in figure 4-7.

O 2

O By Ré gLo)
BB Hi)

<j>§k2 CO8

O 4 | R4 {Lo)

LCINPUT {Hi) SZ&
‘FROM

"EXCITING

SOURCE (Lo} §4 4

0500

(9 Ose| %2, =
INPUT {Hi} B1 | ~BIN
FROM O O>s3lrs (o)
EXCITING Rl Hi)
SOURCE (109 53’/g 8§ o
R3 {Lo)

OM 54 {Bi)

INPUT  (Hi) ng ~SIN

O _
 FROM - O O=als2 (Lo
EXCITING 51 (Hi)
CSOURCE (1 RS"*//O O3z 22,
o) Os<¢|s3  wo

Figure 4-7. Model 530 Simulator - Resclver Mode (Alternafe Convention)
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4.5

“The input and output terminals of the Model

RESCLVER BRIDGE

in figure 4~5 are illustrated for & Model

540/10 Bridge in the resolver mode are

analogous to those of a stator excited re-

~salver Control Transformer (RC).

The con-
nections which correspond to those shown

+ 8 « Disl Setting

540/10 Bridge in figure 4~8.

Alternate Resclver Bridge conventions {all
assume CCW is positive rotation) is illus=~
trated in figure 4-9,

" [Res
sl
53
Input a2
¥From Resolver
R¥ or RD 54

reerase T T 1]

C© 0000 o1

HEEENE

i—p 3

Output to

{(R?2=R4 Excite
{(R2 Hi, R4 Lo

R3 (Hi}
FROM =STH
s2-584 (Rl (Lo}

EXCITEDIR2 (Hi)
RESOLVER |COS

Figure 4-8,

Model 540/10 Bridge, Resclver Mode

Null Det.

(O—rd—s1
Oyt 83

(i}mmmﬂm—.sz

R4 (Lo}

r2 O
FROM «SIN
£1-583 R4 (Lo} MO ;
EXCITED | RL (Hi) sezQ
RESOLVER | COS

R3 {Lo}qu(Z)

54 {ﬁi?‘&i”‘i
FROM ~SIN Q;EJ
R1-R3 g2 (Lo} hﬁ(:)
THCTTED g1 {8}
RESOLVER [COS $¥C}

83 {Lo) ()

Figure 4«9,

(ﬁ}ww~mmumﬁz
(:}mwaﬂmmwg4

Model Séﬁ/lﬁ Bridge - Resolver Mode (Alternate Convention)
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SECTION 5

THEORY OF

5.1 GENERAL

" The Modsel 340/10 wmakes uss of two Dasic

. transformer sections. The first sectiom,

. Form Converter, is used to convert syn-
chro data (3-wire) to resolver data (4-
wire). It is alsc used to isclate the

| measuring circuit from the input lines.

© A second section, Bridge Circuit, is
uged to compube the input data angle.

Both sections consist of sets of precision
+teroidal transformers, arranged in a num-
Ler of novel circuits (patents applied
for) which facilitate the interpolation

- ¢f angular data.

OPERATION

5.2 LOCK DIAGRAM DESCRIPTION
(Fig. 5=1)

Resolver or synchro information on 4- or
3-wire inputs, respectively, are isolated
and presented to the switched bridge sec-
tion by the Form Converter. A manual
mode selector switch is used to arrangs
the precision transformer elements for
either resclver or synchro data.

The measuring section of the Model 540/10
consists of two sets of trigonometric
transformer dividers. Fach divider set
produces a ratio eguivalent to the sine
or cogine of the angle set into the Modsel
540/10 by the front panel knobs,

Coz &
i

Ty Bpll
Detector

. Bynchro . ?
i Input /@
: 5in &
FORM
CORVERTER s
+
ISOLATOR
Resolver
Input /8 COs‘Q

Mode
Select

Figure 5-1.

(BriErerio o (il

bb bbb

Bridge Angls Knob Sstting ¢

Model 540/10 Block Diagram
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é By exciting these two dividers with the

- complementing function of the input sine
. and cosine data coming from the Form Con—
 verter, two AC voltages are generated as
© follows:

E = in &
1 Kl Sin Cos ¢

E2 = Kz Cos 8 Sin ¢

Where Kl and K2 = (Overall transfer function
J ‘ of sine and cosine trans-
former channels.
& = Input data angle of resclver
or synchro
¢ = BSet in angle of Bridge

» For condition of Null
E, = E

f Recogniiimg that XK. = K2 to an accuracy of
© 1 or 2 ppm, then, :

©8in 8 Cos ¢ = Cos 8 Sin ¢:

This identity can only exist for the fol-
. lowing two conditions:

¢ = € (true null solution)

i

¢ B + 1 (false null solution)

By following the operating procedure for
P elimination of the false null indicated
by the gecond soluticn, the correct solu-
tion is readily obtained. :

It is important to realize that the angle
" measured on the Model 540/10 when properly

., nulled, is equivalent to the angle defined

by the ratio of gin B and cosine 8 data
. inputs. Thus, the angle ¢ is,a measure of

the true composite angle which takes into
account all imperfections in the input
data. This applies equally to synchro or
resolver data inputs.

When operating the Model 540/1C away from
null, the output null veltage is very
nearly linear with the amcunt of unbalance
of the Model 540/10 for small angles in
accordance with the following expression:

E
out

it

k sin {8 -~ ¢}

e

k{8~ ¢§)

Where k is proportionality constant
given in Section 3,

This useful characteristic is referred to
as a constant null voltage gradient. It
applies to any Model 540/10 angle which is
close to null, for either the Resolver or
Synchro mode of operation.

5.3 SWITCHING

The Model 54C/1C contains inductive trans-
former sets which perform a basic 10° inter-
pelation followed by succeeding decades of
interpelation for 1°, 0.1°, and 0.01°.

The first or 10° switch is a unigue design,
original in North Atlantic eguipment, which
links the 10° knob to both a 350° total dis-~
play range and a 90° guadrant switch (not
displayed). By using this technigue, an
in-line non-ambiguous display of 0° to 350°
in 10° increments with a direct return o
zero 1is possible with no direction reversal
and no need to mentally add dial readings.

21! switches are designed with heavy duty
silver alloy buttens for long life and have
transient suppression resistors mounted
directly on the switch decks.
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SECTION 6

MAINTENANCE

E6.1~ GENERAL

This section contains periodic maintenance
.and calibration procedures for the Model
540/10, The unit contains highly accurate
inductive circuits. Under normal opera-
ting conditions, the accuracy of these
Gevices should remein within specified
tolerances indefinitely. It should be

noted, however, that application of dc
wolteges to the circuits could resuit in
degradation of the operating characteristics.

. 6.2 DEGAUSSING

1f de has been applied to any of the ter-
minals in the Model 540/10, the instrument
may be degaussed by connecting the circuit
shown in figure 6-1 to all input terminal
pairs in sequence. For dual-mode dagaus-
"sing, the three synchro inputs will cover
Pboth modes.

With all knobs set to zero, apply the

60 Hz wvoltage to the instrument by slowly
‘raising from zerc until the point at which
‘saturation occurs.

This will be evidenced when furthsr in-
creasing the setting of the Variac results
win a relatively small increase in the
voltage applied acrpss the instrument.
‘Allow the instrument to remain uwnder the

saturated conditiens for a short period
(typically 5 to 10 minutes). Then, slow-
1y, over about the same periocd, reduce the
voltage to the' instrument to zero. Any
residual magnetism which has been stored

in the core by the dc should now be removed
and the instrument should function properly.
If the instrument still does not function
with the specified tolerance, it should be
returned to the factory.

6.3 SWITCHES

A1l switches used for switching critical
inductive circuits are designed for long
life using heavy duty alloy button contacts.

For normal maintenance, switch contacts
should be cleaned with & good grade solvent,
such as alcohol, and relubricated with a
very thin film of clean switch lubricant,
such as petroleum jelly, every 4 to 6
months of use.’

If an instrument has not been used for an
extended period of time, it may be desirable
to cycle switches several times so as to
wipe contacts clean prior to making mea-
surements. This routine can be considered
normal for an instrument of this type.

Should & precision switch need to be re-
placed, remove all wire connections by

variac _
3" N
| l
| | 20K,%20%, 2W
5 ! ‘ MODEL
/ i | 540/10
£0 He ! E
line ! O
| I

Figure &~1.

Pegaussing Circuit
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Ecarefully sliding female Malco type wire
connecters away from switch deck, This is

ireadily accomplished by using a pair of

‘long~nose pliers.
CAUTION

Do not unnecessarily remove Malco
terminals since excessive disas-
sembly may impair self-clinching
characterigtic of the connector.

6.4 TRANSFORMERS

If & malfunction occurs which indicates
that & transformer component ig faulty,

.return the unit to the factory for over-

haul and recalibration.

6.5 CALIBRATION

6.5.1 GENERAL

Routine recalibration of the Model 540/10

is normally net reguired except insofar as

the customer quality assurance. methods

.requlre these checks so as to ke certain
:that no random failures have cause& the

instrument to malfunction.

" The phiioscphy governing the calibration
;of a resolver/synchro simulator or bridge

and the establishing of meaningful stan-

. dards involves consideraticons gimilar to
those encountered in the area of ac ratio
" bowes.

In both cases, calibration data is = mat-
‘ter of ratio accuracy. For the ratio box,

it is the ratio of the cutput to the in-

"put. For the resclver bridge or simulator,
-it is the ratioc of two ac voltages, while

for & synchro kridge or simulator, it ds
the ratio of any two of the three line-to-

line voltages.

PPy .o T e T I A r’s e
fhus, ratico iz the all imporitant measurse-

ment, and herein lies the need. for an ap-

Cpreciation of the difference between ratio

certzinty and & standard as defined by the

P Bureau of Standards., Ac ratic is not uni-
: quely related to, or logically measurable

in terms ¢f, the usual physical concepts

. of mass, length, or time since’ it is a
. dimensionless guotient. As such, it is

not traceable to any absolute electrical
standard such as the ohm, voit, Or ampere.
Ac ratio, by its nature, can be known to

an almost unlimited degree of precision
depending upon the ingernulty of the person
making the measurement and the stability

of the eguipment used. Typically, in the
area of ac ratio measurements, measurements
have been made at the National Bureau of
Standards, as well as in industry, to preci-
sion in order of 0.01 ppm and better. Yet,
gt this time, no known set of circuit ele-
ments could be assembled intc a single in-
strument which would provide a certainty of
measurement of this order of magnitude for
a reasonable range of wvoltages, temperature,
frequency, ratio, or time. This, in effect,
represents the present state of the art in
ac ratio measurements.

Since the technigue of ac ratio measurement
is consgiderably better than any commercial-
ly available ratio reference, it must be

-readily apparent that an inductive ratio

box, rated at 1.0 ppm accuracy, can be
evaluated or calibrated so as to provide
confidence in this rating over a reasonable
period of time and under the rated condi-
tions of veltage, freqguency, temperature,
and ratic range. The National Bureau of
Standards provides such a calibration ser-
vice and evidences their calibration in the
form of a record of calibraticn as of the
time the ratios were measured. It remains
for the user and manufacturer to determine
+he period over which confidence in this
rating can be malntained.

It is the sxperience of North Atlantic,
over a period of many years, that a pro-
perly maintained inductive ratic device
such as a ratio box, bridge, or simulator,
will sustain its ratioc accuracy to a con-
fidence level of well under l.0ppm for a
period of many vears.

6.5.2 Simulator and Bridge
Calibration

In the fellowing procedure, a technique for
calibrating both resolver/synchro simulator:
and bridges is presented which follows the
philosophy just described. Through use of
a ratioc box, it is merely a matter of tech-



nigque by which both bridges and simulators
can be calibrated to a level of confidence
comparable to the ratio refersnce itself,
Hoting that an uncertainty in ratio, eguiv-
alent to #C.0ppm (against unity ratie) is,
in the worst case, eguivalent to an angular
uncertainty of only 20.2 arc secend, it is
apparent that a hich dsgres of confidencs
can be expected in the ultimate calibration
data for resolver and synchro bridges and
simulators.

£.5.3 Calibration Period and Method

The frequency of calibration reguired fox
resolver/synchro bridges and simulators is
necessarily dictated by the application
and the established policies of the user,
Since the construction of all North Atlantic
bridges and simulators uses heavy-duty
switches and guality torcidal transfor-
‘mers, it is recommended that full cali-
bration (para. 6.5.5) will only infre-
ﬁuently be regquired. However, where gual-
ity control procedures reguire routine
checks to make certain that no random
‘equipment failures have occurred, the sim-
pler calibration procedure (para. 6.5.4)
may be used,

.5.4 Calibration Procedure I
£.5.4.1 General

This procedure can be used to cvalibrate
‘the Model 540/1C, on a go-no-go basis.

i o T . SNV

7?\ Ref YNV Sig
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The validity for this type of comparison
can be taken as the sum of the rated bridge
error and the rated simulator error, or 4
arc seconds. The procedure is recommended
as a routine guality control calibration to
verify proper. operation of the eqguipment,

£.5.4.2 Test Equipment Reguired
Eguipment reqguired for calibration is
listed below:

oty “Eguipment

1 North Atlantic Resolver/Synchro
gimulator, Model 530

1 North Atlantic Phase Angle Volt-
meter, Model 213C, Model 321, or

Model 225
1 Adjustable source of 400 Hz ac
voltage
6.5.4.3 Procedure

a. Connect equipment as shown in figure
o2,

b. Adjust all knobs te read zero on both
~the bridge &nd simulator.

c. Adjust power supply to 26V or 115V,
400 Hz depending upon simulator input
terminal used.

d, Adjust the PAV to read an in-phase null
(Section 3).

o Hi O
Bimulator o

-0 Lo MODEL 530 O
) Casge O

O

o -
Bridge

O MoDeL O O

o) 540/10 Case ().

Figure 6-2. Hookup for Calibration Procedure I

6-3
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e. Offget either the simulator or bridge
by 0.02° or 72 seconds. Select con-
venient meter range where range vernier
permits adjustment of reading to 72 on
X190 scale, Meter i1s now appropriately
scaled to measurse the deviation bew-
tween the bridge and simulator direct-
1y in seconds by ranging to any con-
venient scale.

f. Track both simulator and bridge through
desired calibration angles, noting that

all readings fall within #4 arc seconds.

g, If in step f above, readings fall out—
side the *4 second spread, rechack op-
geration of the PAV and test circuit to
be certain the hookup is correct and
that no ground loops, ungrounded ter-
minals, etg,, exist. If the cut-of-
tolerance reading is reaffirmed, pro-
ceed to paragraph 6.5.5.

i.5.% Calibration Procedure II

6.5.5.1 General

This calibration procedure is designed to
provide what might be thought of as an
dideal calibration. Means are taken to
eliminate any errors due to leading of
"the source impedances by the bridge,

& word of caution should be made regarding
“the use of alternate methods of’ calibration
~such as those using & resistance bridge or
methods vtilizing single ratio box techni-
ques. Although good results may be obtaine
able, insidious errors due to impedance
loading, phase shift, etc., are easily
overlooked., The procedures described are
recommended principally because the sim-
~plicity of the setup does not need a parti-
cularly high degree of ingenuity or exper-
ience to achieve the accuracy spught,
3.5.5.2 Resolver Bridge Calibration
The following procedure can be used to cal-
ibrate the Model 540/10.

6.5.5.2.1 Eguipment Reguired

Equipment reguired to calibrate the Model -

6mg

6.5.5.2.2

Model 540/10. is listed below:

ety Equipment

10 ppm Ratic Box

1.0 ppm Ratio Box

Shielded Bridge ~ Null Transformer

Phase Angle Voltmeter, North

Atlantic Model 213C, 321, or 225

DPDT switch .

1 adjustable source of 400 Hz, ac
voltage

B et PO

™

Procedure

a., Connect eguipment as shown in figure
6~3.

NOTE

In this arrangement, ratio
bexes RB-1 and RB~2 serve
to generate resolver volt-
ages suitable for driving
the inputs of the bridge
being calibrated.

Since these boxes have finite cutput
impedance which vary with ratic set-
tings, some loading erxrors can be ex-
pected due to the input impedance of
the bridge being tested.

To correct for this loading error, the
l.0ppm ratio box, designated RE~S, is
used as a precision ratio transier
device. Ratios can ke set up on REBE1
and RE2 while under load. The bridge
null transformer and PAV 1, are used
to make the comparison between the
ratio reference, RB-3, and the driving
ratic boxes, RBlL and RBZ.

b. Addjust Variac 71, or wvariable source
for desired line~to-line voltage (90,
11.8, etc.) to accuracy of +5%,

c. Adijust phasge angle voltmeter No.o 1 for
an in-phase null {0°}.

d. With resclver bridge under test set at
the angle being calibrated, set RB~S
to desired sine {(RBE~2) ratio, using
values from tables 5-1 through 6~6,

e@. Connect null transformer lead A to the



NAI TM 5006

premonrmeeiine B g & PR
]m 9y :;h:zac. vg
et 1 2150 ‘
e, plm— | H :
-1 i Bridging
5 i ________ Trane former
Tii6

=Ll latvel
Rdfust
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‘b CGuadrant Switching
(tTable 6-4)

2130

Figure 6-3. Hookup for Calibration Procedure II

output of ratio bhox RB-2 and adjust for
null on phase angle voltmeter No. l.
Set to resclution of at least 1/3 ppm.

achieve in-phase null on phase angle
voltmetar No. 2, ERead and record
calibration angle from bridge.

Repgat steps ¢ and e for setting ratic h.

Repeat steps d through g for each
box RB-1,

angle to be calibrated. Note that
tables 6-1 through 6~6 are given for

Input to bridges is now accurate to the most commonly tested angles.

within £0.2 =. Now adjust bridge to
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40° to 49°

'(l° increments)

Angle RB1 {Cosg) ~ RB2 (5in)
40° L 7660444 .6427876
o 4l° . 7547086 . 6560520
L4200 7431448 6651306
430 LT312537 6819984
44° .7193328 6246584
45° 7071068 L 7071068
46° . 6946584 . 7183388
47° .5810984 73135837
48° .6681306 . 7431448
49° LB560590 . 7547026

Takle 6~1. HResolver Calibration = 0% to 360° (3° Increments)
puad, Cuad. Quad. Quad,
I 11 111 v RB 1 RB 2
o° 1BQ*® 1807 360° 1.0000000 0000000
ge 175° 1B&® 355+« 8961846 .0871557
1o® 170° 190® 350° . 9848077 «1736480
l15* 165° ilg5® 345° « 3659258 . 2588190
20° 160° 200° 340° 9396826 .3420201
25° 155%° 205° 335° .B3063077 4226182
30° 150° 210° 330° B660254 « 5000000
35¢ 145° 215° 325¢° LBl91520 5735764
400 140° 220° 320° . 7660444 .5427876
45°® 135° 225¢° 315" . 7071067 « 7071067
50° 130° 230° 3loe 0427876 . 7660444
550 125% 235° 305° - 5735764 8181520
&0° 120° 240° 300° 5000000 .BEED254
65* 115*® 245° 285° 4226182 L B063077
70° 110¢ 250° 290° - 2420201 . 9396926
15° 1p5e 255° 285*° - 25BB190 « 9659258
80* 100° 260° 280° +1736480 - 3B4B077
B a5¢ 265° 275° . 0871557 .9961946
age s0° 2700 2700 . 0000000 1.0000000
Table 6~2, Eesolver Calibration Table 6-3.

Resolver Calibration
40,1° to 40,9°
{0.1° Increments)

Angle RBl (Cos} RBZ (Sin)
40.1° .7645214 6441236
40,2° . 7637960 . 6454577
40.3¢ . 7626683 . 6467858
40.4° . 7615383 .64B81199
40.,5° . 7604060 6494480
40.6° . 7592713 6507742
40,7 . 7581343 6520984
40.8° 7568951 .6534206
40.9¢ L 7558535 . 6547408
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Table 6-4., Resoplver Calibraticn
40,01 to 40.09°
{0,01° Increments}

1 6.5.5.3.2 Procedure

Connect eguipment as shown in figure 6-4,

. Angle ER1 {Cog!} RE2 (Sin} NOTE
In this arrangement ratio boxes EB-]

: 40,01° . 7659322 LB429213 and RB-Z serve to generxate synchre in-
40,027 7658200 8430550 put voltages suitable for driving the
£0.03° 1657078 .6421BED inputs cf the bridge being calibrated,

.. 40.04° .7E55855 . 6433223 Since thesé boxes have finite output

: 40.05° . 7654832 . 0434550 impedances ‘which vary with ratio set-

P40, 06" - 7653705 . 64358595 tings, some loading errors can be ex-
40.07° . 7652586 .6437230 pected due to the input impedance of

. 40,08° . 7651461 . 6438566 the bridge being tested.

40997 - 7650338 - 6439502 Tc correct for this loading error, the
1.0ppm ratic box designated RB-S is
used as a precision ratio transfer de-

Table B-5. Resclver Calibration vice by which the proper voltage
40.001° to 40,0089° ratics can ‘be set up on RB-1 and RB-2
(0.001° Increments) while under load. The bridge null

: transformer and phase angle voltmeter

" Angle REl (Cos) RB2Z (Sin) No. 1, are used to make the comparison

) between the ratio reference RKB-$ and
40,001° 7660332 LB428010 driving ratio boxes RB-1 and REB~2,
40.002° . 7660220 .642B8143

 40.003° . 7660107 - WB428277 a. Adjust Variac Tl, or variable source,

- 40.004° . 7658395 .6428411 for desired line-to~line voltage (90,

. 40.,005° . 7659883 L642854% 11.8, etec.) to accuracy of 15%.
40.006° 7658771 . .642B678 )

L 4Q,007° . 7659659 .6428812 L. Adjust phase angle wvoltmeter No. 1
40.008° . 7858546 . 64285946 for an in»phase null (C°).

 40.008° . 7659434 . 6429073 '

C. With synchro bridge under test set at
the angle being calibrated, set RE-S
to desired setting of RB-2 obtained

Table &-6. Resolver Calibration - £xom tableg 6-7 through &-12.
Quadrant Switching d. Connect null transformer lead A to
- X the output of RB-2 and adjust for a

Luradrant Angle Hi Lo Hi Lo null on phase angle voltmeter No. 1
- 0-90° s2 | ss |53 1 st set te a resclution of at least 1/3 ppm.
iil iggigg;o 22 zg ii :i e. Repeat steps ¢ and 4 for setting on RB-1.
v 270-360° 52 s4 51 Se £f. Input to bridge is now accurate to

within #0.2 seconds. Now adjust bridge

Z to achieve in-phase null on phass

25.5.3 Synchro Bridge Calibration angle voltmeter No., 2, Read and re-

cord calibration angle from bridge,
“.5.5.3.1 Equipment Reguired
' 9. Repeat steps through £ for each angle
te be calibrated. Note that tables
6~7 through €-12 are given for the most
commonly tested angles.

The same test equipment is reguired as in
paragraph 6.5.5.2.1 except that three SPDYT
witches are needed.
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Ul LEVEL
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Figure 6-4., Synchro Bridge Calibration Hookup

Table 6~7. Synchro Calibration - 0° to 3860° (3° Increments)

I Iz III IV v VI RBl RB2Z

oe 1200 120° | 240° 240° 360° - 8660254 . 000000

5@ 11s° 125° |: 235° 2457 355° 9063077 .0B71557
10® lioe 130° |, 23¢0° 250° 350° .93296%26 1736480
15e 105° 135° 4, 225° 255¢ 345° . 8659258 . 2588180
200 1000 1400 | 2200 2600 3400 LOB4BOTT . 3420201
25° g5 145 § Z2i5°® 265° 335° .5961246 LA226182
30° age 150° f 210° 270° 330° . 0000000 . 5000080
35= g5e 155° 205° 275° 325® 3961946 5735764
40° BO® 160° 200° 280° 3z0° . 9848077 6427876
45° 75° 1e5° ! 195° 285° 315k° 9659258 . 7071067
50° 70° 170° | 190° 280° 3i¢® . 9396826 « 766044
E5e® 65 17%° [, 185°¢ 285° 305¢° . 3063077 8191520
BO® 60° 180° |. 18D° 300° 300° 8660254 LBE660254
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Table 6-8. Synchro Calibration- Table 6-10. Synchro Calibrationm
40° to 49° ‘40.01° to. 40.09°
{1° Increments) (0.01° Increments)
‘Angle REl (Cos) RBZ (5in) Angle RB1 (Cos) REZ (8in)
1400 - 9B4E0T7 6427876 40,01° 9847774 6429213
[41° . 9816272 .B560590 40.02° L9847471 L6430550
42° .978L476 L0091306 46.03° LGB4TLET LB431B56
143° .9743701 6819984 40.,04° . 9846883 .6433223
44° 8702957 - 6946584 40,05° .9846558 6434559
45e . 9659258 7071067 40.06° .9846254 6435895
46° L9612617 L 7193368 40.07° L 9845949 LE6437230
47" P 9563048 - 7313537 40,08° . 9845643 6438366
7 48° 9510565 7431448 40.09° . 9845338 6439301
49° . 9455186 . 75470%6
Table 6~2. Synchro Calibration=— Table 6-11. Synchro Calibration=
40.1° to 40.9° 40.001° to 40.009°
{0.1° Increments) {0.001° Increments}
‘Angle KBl {Cos) EB2 (Sin) angle RBl1 (Cos) RB2 {8in)
40,1° .9845032 .6441236 40.001° . 9848047 .6428010
40,20 . 9841956 . 6454577 40.002° . 9848016 .6428143
40.3° . 9838850 L6467898 40,003° . 9847986 . 6428277
40,4° LS835715 L 6481199 40.004° .9847956 .642841)
40,5° .9832549 .6494480 40.005° .9847926 .6428545
40.6 .9829353 6507742 40,006° . 9847885 6428678
140,7° . 9826128 6520984 40,007° .9847865 .6428812
40,.8° ,5822873 6534206 40.008° .9847835 .6428946
40.,9° . 9819587 .6547408 40.009° . 9847804 L6425073
Table 6~12. Synchro Calibration’
Sextant Switching
REl RE2
Sextant Anglie Hi Ret Lo
I 0-60° S2 s1 3
11 £§0~120° s3 sl 52
111 120-180° $3 s2 sl
v 180~240° 81 s2 83
v 240~300° $1 $3 52
VI 300-360° 82 s3 81

B2/ {6-10 blank)



SECTION 7
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ROTARY COMPONENT MEASUREMENT

7.1 GENERAL

ection provides a detailed stepeby-
procedure for precise test of the
commonly encountered types of syn-
os and resolvers using North Atlantic
Medel 520 Resolver/Synchro Simulator and
-Model 540/10 Resolver/Synchro Bridge.

i
o

7.2 SYNCHRC TRANSMITTER (CX) TEST
7.2.1 Phasing, Electrical Zero,
and Angular Accuracy

‘a. Connect eguipment as shown in figure
7-1. ERotate C¥ shaft counterclock-
wise as viewsd from shaft end until

rhase angle volitmeter (PAV) reads zero.

Hote that the meter approaches 0 from
left to right. For 1153V excitation,
use 100V range of the PAV,

b. With synchro shaft at the null point,
switch Model 540/10 to 5°. The BAV
should deflect to the left.
540/10 back to 0.

€. If the requirements of steps a and b
are met, the phase is correct, and
the null point is electrical zero.

‘d, Mount CX in a dividing head,

e, With the dividing head at 0°, CX must
be at electrical zero, as described
in steps a and b.

f. Set PAV Function selector to 90°.

'g. Set Model 540/10 toc 90°,

“h. Rotate Phase dial on the PAV until a
5 guadrature null is reached.

~i. The angle read on the Fhase Angle dial

is approximately egual to the phase
shift of the CX.

Sat Model

36,/115V

7.2.2

With the Phase diasl at this setting,
return Model 540,/10 and the Function

selector to 09,

Re~zero CXfin dividing head if neces-

sary.

With CX at:O“, offset the dividing
head an amount equal to the mazimum
allowable error of the CX.

Down scale.the Range selector until
the first coff-scale meter reading is
reachad, Turn the Range selector to
the next up~scale range. Record the
deflectionion the PAV. This is the
maximam allowable error voltage.

.Return the’'dividing head to 0°.

Advance the Model 540/10 and the divide
ing head in the required increments,
The null error, as noted on the PAV,
should be less than that obtained in
step m.,

#ynchre Bridge

o 81 Wil
© B T

low 2o

e ¥ %40

Figure 7-1. angular Accuracy {CX)

Null Test, Total and
Fundamental

With the CX still mounted in the di-
viding head, set up eguipment shown
in figure 7-2.

Rotate dividing head to 120°,

Set the PAV Function selector to 0°,
and adjust the dividing head for a null.
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4. Read the nulls in both Total and Funda-
mental modes.

' e. Attach PAV leads to 52 and S3 of the
CX, and rotate the dividing head to
2409, :

f, Repeat steps c and 4.

‘ g. Attach PAV leads to 81 and S3 of the
CX, and rotate the dividing head to G°.

. h. Repeat steps ¢ and 4.

o)
(:)pn

26115V

O

Figure 7-2. Null Testi{cx)

:7.2,3 Transformation Ratio Test

j a. Turn Phase Angle dial to 0°,

. k. With the CX stilill mountedyin a divid~
' ing head, set up eguipment as shown in

figure 7-3.,

¢, Set Function selector to 0°,

F6/1LI5V B2 m gy ;i,
N
— F
2i :
=
j & o 307 -

b Figure 7~3, Transformation Raﬁio Test (CX}

d. Set the dividing head to 30°, and ad-
just ratio box for a null. Record
ratic reading {transformaﬁ&cn ratio}.

. 7.2.4 Phage Shift Test
: a. With the CX still mountedlin the divid-

ing head, set up equipment as shown in
figure 7-4.

b, Bet PAV Function selector teo 90° posi-
tion.

c. With dividing head at 30°, adjust the
Phase Angle dial on the PAV for a guad-
rature null.

4. The phagse shift of the CX may be read
directly from the FPhase Angle dial.

16/118V

Figure 7-4, FPhase Shift Test (CX)
7.2.5 Input Current Test
a. Bet up equipment as shown in figure 7-5

b, Turn PAV Function gelector to the Total
position.

c. The input current of the CX is read
directly in amperes on the PAV, i.e.,
0.1 volt = 0.1 amperes.

51

Wy () 1 ohwe

Figure 7-5. Input Current Test (CX}

7.3 SYNCHRO DIFFERENTIAL TRANSMITTE]
{(CDX) TEST

7.3.1 Phasing, Electrical Zero, and
Angular Accuracy Test

a. Set up eguipment as shown in figure 7-6

b. Set Models 530 and 540/10 to 0°.

c, Rotate CDX shaft counterclockwise, as
viewed from the shaft end, until the

meter reads zero., HNote that the needle
approcaches zero from left to right.
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igure 7-6.

1

I

L

For 115V excitation, use 30V range
of the PAV,

With synchro shaft at null, set the-
Model 540/10 to 5%. The PAV should
deflect to the left. Return to 0°,

Sat Model 530 to 57, The PAV should
deflect to the left. Return the Model
530 to 0°.

If the reguiremernts of steps ¢, d, and
e are met, the phasing is correct, and
the null point is electrical zero.

Mount CD¥ in the dividing head.

With the dividing head at 0°, CDX must
e at electrical zero, as defined by
steps ¢ through &.

Set PAV Function selector to 20°.

Set Model 540/10 to 20°.

}

Rotate the Phase Angle dial until gquad
rature null is reached.

Synchre BAridgs

Hh L 5
Bl
Lo
s NN &

Favy

§ynchro Simulator

L& Exc 52@' =y

15V

530 51 €A

Angular Accuracy (Rotor) (CDX)

The angle read on the Phase Angle dial
ig approximately equal to the rhase
shift of the CDX.

With the Phase Angle dial left at this
setting, return the Model 540/10 and
the Function selector to 0°.

Re~zero (DX in the dividing head if
DeCessary. '

With the CDX at zero, offset dividing
head by an amount equal tc the maximum

allowable error of the CDX.

Down-scale the Ranyge selector until the

g

i15v

Figure 7~7.

NAI T™ 5008

first off-scale meter reading is
reached. Turn the Range selector to
the next up~scale range, Record the
deflection noted on the PAV. This is
the maximum allowable error voltage.

Return dividing head to 0°.

Advance the Model 530 and the dividing
head in the required increments. The
null as noted on the PAV should be less
than thatiabtained in step p.

Set up eguipment as shown in figure
7-7, with CDX still mounted in the
dividing head.

Check that CDX is gzero and dividing
head 1s set to zero.

Advance the Model 530 and the dividing
head in the reguired increments. The
null error as noted on the PAV should
be less than that obtained in step p.

Synchro Simulator Cox

- Exc. 5008 3 g3 &1
LSV €2 R2Z PAV
E; 530 52
- -3 R3
I Bk o £3 -

Angular Accuracy (Stator) (CDX}

7.3.2 HNull Test, Fundamental and

Total
Set up equipment as shown in figure 7-8.
Attach PAV lszads tce Rl and RZ.

Set Model 530 to 120° and dividing
head to 0°.

Set PAV Function selector to 09 and
adjust dividing head vernier for a null.

In the Total and Fundamental positions
of the Functicn selector, read the re-
spective nulls,

Set Model 530 to 240° and dividing
head to 120°.
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. 530 SZ@,

T

1.3 Transformation Ratio

Repeat steps 4 and e.

Set Model 330 to 0° and dividing head
to 240°,

Repeat steps @ and &.

artach PRV leads to R2 and RI.

Set Model 530 te 240° and dividing

Repeat steps 4 and &.

Set Model 530 te 0° and dividing head
to 120°.

Attach PAV leads to RL and R2.

Repeat steps d and e.

set Model 530 and dividing head to
120°, and repeat steps 4 and e.

Set Model 530 and dividing head to

2400, and repeat steps d and e.
Byrchiv Suwt:lxtut 51 WS"‘“’"""‘?
457y 1139 B @ Bav

L5 Come n@«

Test

in figure 7-9.

c. Set dividing head to 307,

4. Switch PAV Function selector to 0°
e. sSet ratio box for a null on the PAV,
f. Record ratio reading.

g.  Transformation

dividing in-pha
{.866).

ratio is obtained Dy
se ratio by cos 30°

LBEE Ky Hax

3

115

/"

i

Figure 7-9, Transformation Ratio Test |

7.3.4 Phase Shift Test

¢

a. Set up eguipment as shown in figur
7-10,

h. Set Function selector to 80°

. Set dividing head to 30° and rotate
Phase Angle dial for guadrature nu

d. The phase shift of the CDX may be ¥
directly from the Phase Angle dial,

SBEE Ey (Maxd

EREAE GO IR TPt TR

h

i

T

Figure 7-10. Phase 8hift Test (CDX)

7.3.5 Input Currs
a, Set up eguipment as shown in figuxre

I, Set PAV Function selector to Tatal,

. The input current of the CDX is res



nsv {70 100/78/10.2

.  Figure 7~-1l.

A

dirsctly in amperes on the FPAV, i.e.,
0.1V = 0.1A,.

<BEE B (M) L

Tl

i}

.

g
o

Input Current Test (CDX)

SYNCHRO TRANSFORMER (CT) TEET

4.1 Phasing, Electrical Zero,

and Angular AcCuUracy

Set up equipment as shown in flgure
T-12.

Sat Model 530 to 0°.

Rotate CR shaft counterclockwise, as
viewed from the shaft end, until the
meter reads zero. Note that the needle
approaches zero from left to right.

For 115V or 90V excitation, use the
100V range of the PAV. For 11.8V
excitation, use the 10V range of the
PaV,

With synchro shaft at the null point,
switch Model 530 to 5°. The PAV should
deflect to the left.

Return the Model 530 to 0°,

If requirements of steps ¢ and &4 are
met, the phasing is correct, and the
null point is electrical zero.

Mount R in the dividing head.

With the dividing head at 0°, CT must
be at electrical zero, as defined in
steps ¢ and 4.

Set PAV Function selector to 20°.

Set Model 530 to 80°.

Rotate the Phase Angle dial until quad-
rature null is reached.

e 52
15y 6 g s30 ;€A
Com, X
. e 53 &
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With Phase Angle dial left at this
setting, return the Model 530 to 0%,
and set the Function selector to 0°.

Re~zerc CR in the dividing head if
necessary.

with CT at zero, offset dividing head
by an amount equal to the maximun al-
lowable error of the CT.

Down~scalie the Range selector until the
off-scale meter reading is reached.
Turn the Range selector to the next
up~scale range. Record the deflection
noted on the PAV. This is the maximum
allowable erroxr voltage.

Return the dividing head to C°.

Advance the Model 530 and the dividing
head in required increments. The null
error as noted on the PAV should be
leéss than that obtained in step .

Bynchra iimuln:or 81 &1

XY 51
cn o &

()

¥igure 7~12., Angular Accuracy

7.4.2 Null Test, Fundamental and

o

E115v
I8V B2 g |
o @
& Com. gy "

Total
Set up eguipment as shown in figure 7-13.
Set Model 53¢ and dividing head to 0°.
Set the PAV Function selector to 0°

and adjust dividing head vernier Ior
a null.

Synchre Simulaser ot
53

Eac. B+ lg

Figure 7-13. Null Test (CT)
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d. Read the null in the Total and Funda-
mental position of the Function se-
lector.

7.4.3 Transformation Ratio Test

?. Set up eguipment as shown in figure 7-14.

L. Turn Phase Angle dial to 0°.

c. ‘Set dividing head to 270°.

"d. Set PAV Function selector to 0°.

e, Addjust ratio box for a null on the
meter,

f., Record ratic box reading.

79, Transformation ratio is obtained by di-
viding in-phase ratic by cos 30° (.866).

JBEEE, (Max) 51

115V

}Figure 7~l4. Transformation Rﬁtio Test {CT)
7.4.4 Phase Shift Test
“a. Set up equipment as shown in figure 7-15.

-+, PRV Function selector to 90°.

with dividing head at 270°; rotate
Phase Angle dial on the PAV for a null.

d. The phase shift of the CT nay be read
' directly from the Phase Angle dial.

JBEE B TREx) .
81

C sy PEEYS T IV C LT M— % pav

Ti

Figure 7-15. Phase Shift Test (CT)

7.4.5 Input Current Test

a, Set up eguipment as shown in figure 7-16,
b. Set PAV Function selector to Total.

c. The input current of the CT is read

directly in amperes on the voltmeter,
i.e., 1V = 1A

or
LBBE E, (Max) £1
K1
53
115V 190/78/10.2V
1 onm \ RZ
£2
e

Figure 7-16., Input Current Test (CT)

7.5 RESOLVER TRANSMITTER (RX)

7.5.1 Phasing, Electrical Zero,

and Angular Accuracy
a. Set up eguipment as shown in figure 7-17.
b. Set Model 540/10 to 0°.

. Rotate RY shaft counterclockwise, as
viewed from the shaft end, until meter
reads zero. Note that the needle ap-
proaches zero from right to left.

d. For 115V excitation, use 100V range
of the PAV. For 26V excitaticn, use
30V range of the PAV.

e. With resolver shaft at the null point,
switch Model 540/10 to 5°.

f. EReturn the Model 340/10 to 0°.

g. If the requirements of steps ¢ and e
are met, the phasing is correct, and
the null point is electrical zero.

L. Mount RX in a dividing head.

i. With the dividing head at 0%, RX must
be at electrical zeroc as described in

steps ¢ and e.

i, Set PAV Function selector to aDe,



. Set Model 340/10 to 20°.

*, Rotate Phase angle &ial until guadra-
© ture null is reached.

m. The angle read on the Phase Angle dial
. is approximately egual to the phase

shift of the RX,

With the Phase Angle dial left at this

setting, return the Model 540/10 and the

Function selector to 0°.

; Re-zero the CX and the dividing head
© if necessary.

', With RX at zero, offset the dividing
head by the maxinum allowable error.

“. Down-scale the Range selector until
the first off-scale meter reading is
reached. Turn the Range selector to
the next up~scale range. Record the
deflection noted on the PAV. This is
the maximum allowable errcr voltage.

., Return the dividing head to 0°.

s. Advance Model 540/10 and the dividing
g head in regquired increments. The null
error as noted on the PAV should be
less than that obtained in step d.

44 £ Resoliver Bridoe
- fg 81 X
(2] £ Hut)

FEER YL ) & 52 B &
] : ; oG

=

Figure 7-17. Angular Accuracy Test {R{)

.5.2 Null Test, Fundamental and
; Total

. Set up equipment as shown in figure
: 718,

b.  Set dividing head to 0°.

¢, Bet Function selector to 0°, and ad-
just dividing head vernier for a null.

4.

NALI TM 5006

Read null in Total and fundamental po-
sitions of the Function selector.

Connect PAY ‘leads to 82 and 54 and
rotate dividing head to 30°.

Repeatl stepé ¢ and d, above.

Figure 7-18. Null Test (RX)

7.%5.3 Transformation Ratio Test

=3

b.

Cs

a.

(=

Figure 7~19.

7.5.4

.

Set up eguipment as shown in figure 7-19.
Set PAV Phase Angle dial to 0°.
Set PAV Function selector to 0°.

get dividing head to 09, and{gﬁjust
ratioc box for a null. '

Record ratic reading {transformation
ratio}. X

O,
g1 LAV ny

LS

mransformation Ratlo Test (RX)

Input Current Test
Set up eguipment as shown in figure 7-20.
= 5l
LX
L 2
267115V 1S 53
. g ] L 54

AV

FPigure 7-20. Input Current Test {RX)
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‘b, Set PAV Function selector to Total.

‘¢. The input current of the RX is read
directly in amperes on the voltmeter,
i.e., 1V = 1A,

7.5.5 Phase Shift Test
~a. Set up eguipment as shown in figure T=21.
L. Set Function selector to 96°,
'c. With the dividing head at 59, rotate
+the Phase Angle dial on the PAV for

a null.

.d. The phase shift of the RX may be read
directly from the Phase Angle dial.

BX

oL
HE

@ PAV

Figure 7-21. Phase Shift Test (RX)

7.6

DIFFERENTIAL RESOLVER AND
TRANSFORMER {(RD/RC) TESTS
7.6.1 Phasing, Electrical Zero,

and Angular Accuracy
a. Set up eguipment as shown in figure ™ZZ.
L. Set Models 530 and 540/10 to 0°.

c. Turn control panel power on, and ro-

' tate RD/RC shaft counterclockwise as
viewed from the shaft end until the
meter reads 0°. Note that, the needle
approaches zerc from left toc right.
ror 115V excitation, use 100V range
of the PAV. For 11.8V excitation,
use 10V range of the PAV..

~d. With RD/RC shaft at null point, set
Model 540/10 to 5°. :

e, The PAV should deflect to the left.
Retnrn the Model 540/10 to. 0°.

Figure 7-22.

D

HE 115 £25
sy s ne
LG Lo, ‘3@

Set Model 530 to 5°.
deflect to the left.

The meter should

Return Model 530 to D°.

If requirements of steps ¢ through f
are met, phasing is correct, and the
null point is electrical zero.

Mount RD/RC in a dividing head.

wWith the dividing head at 0°, RD/RC
must be at electrical zero as described
in steps ¢ through f.

Set Model 530 to 90°.
Set PAV Function selector to 20°.

Rotate Phase Angle dial until gquadra-
ture null is reached,

The angle read on the Phase Angle dial
is approximately egual to the phase
shift of the RL/RC.

Re~zero RD/RC in the dividing head if
Necessary.

Resolver gimule

1tOT g BD
Bxc &4 @M .

Beasliver Bridoe

angular Accuracy {(RD Rotor)

With RD/RC &t zero, offset the divid-
ing head by an amount egual to the
maximm allowable error of the RD/RC.

Down-scale the Range selector until
the first off-scale meter reading is
reached. Turn the Range selector to
the next up~scale range, Record the
defliection noted on the PAV. This is
the maximum allowable error voltage.

Return the dividing head to 0%,

Advance Model 540/10 and the dividing



head in reguired increments. The null
error as noted on the PAV should be
less than that chtained in step q.

t. Set up eguipment as shown in figure 7-23,

2eaniver Bimulatoy RD

prST—

o
ki Exe
115
RLEL TP
Hiom.

Figure 7-23.

Angular Accuracy
(R and RC Stator)

. Re-zero RD in the dividing head if

NECEesSSary.

v. BAdvance Model 530 and the dividing

7.6.2

nead in the reguired increments. The
null error as noted on the PAV should
e less than that cobtained in step d.

Null Test,
Total

Fundamental ang

a. Set up eguipment as shown in figure 7-24.

b. Set Model 530 and dividing head to 0°.

. Set Function selector to 0°, and adjust

the dividing head vernier for a null.

-d. Read the null in both Total and Funda-

mental positions of the Function se~-
lector.

e. Set Model 530 and dividing head to 90°,

£, Repeat steps c and d.

~g. Connect PAV leads to RZ and R4,

. Set Medel 530 to g0° and dividing head

~i. Repeat steps c

to 0°.

and 4.

‘3. Set Model 530 to 0° and dividing head

to 90°.,

‘k. Repeat steps c and d.

NAL T™M 5006

Besolver 8imilaror B

Pigure 7{24. Null Test (BD/RC)
7.6.3 Trangformatlon Ratio Test
a. Set up equipment as shown in figure 725
b. Turn Phasé hngle dial to C%.

c. Turn PAV Eungtion seglector to 0°,
d. Set dividing head to (°.
e, Adjust raﬁio box for a null on the PAV.

{(transforma-

f. ERecord ratio box reading
tien ratioj.

Figure 7-25. Transformation Ratioc Test

{RD/RC)
7.6.4 Phase sShift Test

a. Set up eguipment as shown in figure 7-26

I, Set PAV Function selector to 20°.
¢, With the dividing head at 0°, rotate
a4 RD
g N
}—J ) 83 T
1) iis/vo/LL. Y “; { h @ oAV
3 ]
&3
- S ip e

Figure 7-26. Phase Shift Test (RD/RC)
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the Phase Angle dial on the PAV for a ¢. The input current of the RD/RC is reagd
null. directly in amperes on the PAV, i.e.,
.1V = ,1A.
d. The phase shift of the RD/RC may be @
' read directly from the Phase Angle dial. 7 —
k2
: ;11 B3
7.6.5 Input Current Test I e A 4
; ot N/ g
‘a. Set up eguipment as shown in figure M27. .
Bav
‘b, Set PAV Function selector to Total. Figure 7-~27. Input Current Test (RD/RC)
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SECTION 8
REPLACEMENT PARTS LIST AND SCHEMATIC
This section contains a vendor codas list, parﬁs list, and
a schematic for the Model 540/10 Rasolver/Svnchro Bridge.
LIST OF MANUFACTURERS
Code Name and Addrass Code Name and Address
17342 North Atlantic Industries, Inc. TE91S Littlefuse, Iinc.
60 Plant Avenue 500 ENW Highway
Hauppauge, New York 11788 Des Plaines, Illinois
1785 Cinch Manufacturing Co.,, Inc. B1073 Grayhill Inc.
1026 South Homan Avenue 561 EBillgrove Avenue
Chicago, Illincis 60624 LaGrange, Illinois 60528
12136 Elmenco 83330 H.H. Smith
South Park & John Streets 812 Snediker Avenus
Willimantic, Connecticut Brooklyn, New York llZO?m
Feplacement Parts List: Resolver/Synchro Bridge; Model 540/10
Hef, :
Des. Description NAL B/N Code MFR P/N
<1 Rheostat 808811
81 Switch Assembly, 17 782163
2 Switch Assembly, .1° 782164
3 Switch Assembly, .0Ll° 7832173
518 Switch Assembly, 10° 782159
—LE Trangformer Assembly 787014
2% Transformer Assembly 783107
Dial Assembly, 100° 500395~1
Dial Asgembly, 10° 201955
Dial Assembly, 1°, .1°, 01° 500395-2
Dial Assembly, .000Ll° 500395-3
Knob, Bar 201978
Knob 2017191 _
Binding Post, Red BGO119 81083 28-1R
Binding Post, Rlack 800120 81073 2918
Binding Post, Gnd. 800548 83330 137
Terminal Strip ~ 3 terminals 800895 71185 1788
Terminal Strip - 4 terminals BO1le52 71785 17-A
=1 Fuse ,1 amp 800938 15815, 312.100
L 802315 72136 DM15-751J

Capacitor, Ceramic 750pf

NAL TH

Due to calibration requlrements, these assemblies must be factory installed,
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WARRANTY

The Seller warrants Products against defects in material and workmanship
for one year from the date of original shipment. The Seller’'s liability
is limited to the repair or replacement of Products which prove to be
defective during the Warranty period. There is no charge under the
Warranty except for transportation chargss. The Purchaser shall be
responsible for Products shipped until received by the Seller.

The Seller specifically excludes from the Warranty 1} calibration,

2) fuses, and 3) normal mechanical wear, e.g.; end-of-life on assemblies
such as switches, relays, gear trains, etc. is dependent upon number of
operations or hours of use, and end-of-life may occur within the Warranty
period.

The Seller is not liable for conseguential damages or for any injury or
damage to persons or property resulting from the operation or application
of Products.

The Warranty is voided if there is evidence that Products have been oper~
ated beyond thelr design range, improperly installed, improperly main-
tained or physically mistreated.

The Seller reserves the right to make changes and improvements to Products
without any liability for incorporating such changes or improvements in
any Products previously sold, or for any notification to the Purchaser
prior to shipment. In the event the Purchaser should require subseguently
ranufactured lots to be identical to those covered by this Quotation, the
Seiler will, upon written request, provide a guotation upon a change
control program.

No other Warranty expressed or implied is offered by the Seller other
than the foregoing.

CLAIMS FOR DAMAGE IN SHIPMENT

The purchaser should inspect and functionally test the Product (s} in
accordance with the instruction manual as soon as it is received. If
the product is damaged in any way, including concealed damage, a claim
should be filed 1mmea;ately with the carrier, or if insured separately,
with the purchaser's insurance company.

SHIPPING

On products to be returned under warranty, await receipt of shipping
instructicons, then forward the instrument prepaid to the destination
indicated. The original shipping containers with their appropriate
blocking and isolating material is the preferred method of packaging.
Any other suitably strong container may be used providing the product
is wrapped in a sealed plastic bag and surrounded with at least four
inches of shock absorbing material to cushion firmly, preventing move-
ment inside the container.



