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9650-2-:1_, Scope
This design data sheet provides a guide in the analysis of synchro system loading. Procedures arc

provided for use in tabulating the data necesaary to accomplish the analysis and to indicate the system
status with respect to limitation on format similar to drawing, NAVSHIPS No. 815-1853311.

Abbreviation : Functional Classification
CX Synchro control transmitter
cT Synchro control transformer
CDX Synchro control differential transmitter
TX Synchro torque transmitter
TR Synchro torque receiver
TRX Synchro torque receiver-transmitter
TDX Synchro torque differential transmitter

Symbols not indicated are identified in the particular paragraphs of formula development and application.
9650-2-c. Introduction

A minimum synchro system is comprised of one synchro transmitter and one synchro receiver. The
system increases in complexity with the installation of additional receivers. Since these synchros have a
range of size, and limitations exist as to the quantity of receivers any tranamitter can drive without signal
degradation, it is necessary to analyze each system, regardless of complexity, to determine whether or not
the transmitter can accommodate the connected receivers and maintain the established system tolerance.

Jynehro paranieters that alfect synchro system loading are:

Voltage regulation as a function of secondary load dependent upon load current and Impedance.
Power factor corrected energizing current for CDX's, CT's and TDX's.

Value of power factor correcting capacitors for CDX's, CT's and TDX's.

Torque gradient for TX's, TDX's and TR's.

Relevant synchro performance characteristics measured in accordance with Mil. Spec. MIL-S-20708
are:

Zyy and B4y - the magnitude and angle of the impedance of the stator with the rutor terminaly short
circuited, for calculating voltage regulation of CX's and TX's for specified values of luad current.

2 9650-2
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Zrg and Opq - the magnitude and angle of the impedance of the rotor with the stator terminals short
circuit or calculating voltage regulation of CDX'a and TDX's for specified values of load current ana
of CT's for specified load impedances.

Zoo and G4, - the magnitude and angle of the impedance of the stator with the rotor terminals open,
for calculating the value of power factor correcting capacitor for CDX's, TDX's and CT's.

_‘: nominal - nominal primary power, needed to calculate power factor corrected energizing current
of CDX's, TDX's and CT's.

Torque gradicnt of TX's, TR's and TDX's needed to calculate system torque gradient.

Short circuit impedance values for both magnitude and angle cover a range between maxtmum and mini~
mum values, as Indicated In Mil. Spee. MIL-S-20708. Depending on which combination of impedance magni—
tude and angle is selected, the calculated value of voltage regulation can have a variation up to 100 percent.
The conservative approach is to select impedance magnitude and angle so that maximum voltage regulation is
obtained for a specified load current. Therefore, for maximum voltage regulation it is necessary to select
maximum shor: circuit impedance magnitude and minimum short circuit impedance angle in Mil. Spec. MIL -
§-20708.

9650-2-d. Formulas Derivation

Synchro p.rformance characteristics determine the limiting criteria of synchro loading and these charac-
teristics have been evolved into lornlulas which may be used to determine acceptable synchro loading. The
following paragraphs provide a dissertation as to the derivation of formuias and the application thereof for

evaluating the practicability of any synchro system.
1. To solve for voltage regulat.lon of transmitters, the selected values are used in the following

equation:
2
k= (1’ R“’L)__/x +_l_x'_'___ (R‘.z - z'.z) (1)
E E?

-~
k = voltage regulation for specified secondary synchro load. .
E = T8 volts for CX's and TX's rated at 115 volts primary, 90 volts maximum secondary

(J%x 90 = n).

E » 10. 2 volts for CX's and TX's rated at 26 volts primary, 11.8 volts maximum secondary

where:

Zga and Oy = magnitude and angle of impedance of stator with rotor terminals short circuited, for
CX's and TX'».

Rus = 73¢ x Con Ogg, for CX's and TX s.
Iy, =specified secondary synchro load current at unity power factor.

Where it is desired to solve for secondary load current for a given voltage regulation the equation is ex-
pressed as follows:

E
- 5 En,,(x-x) s \/ [(1-&)3,4 1 (2w) z..’] (2
” .
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2. Tu solve tor voltage regulation of differentials, the sulected values are used in the following

R ISR E N1 13

‘.- ( SN _E_z) y /.. % (Rea? - 2027) ®

alig
X voltuge regulation fer spwcied secumiiry synehru load.
F o Tnsolts for CDX's and TDX'» rated at 90 volty primary, 90U voits maxinem vecondary.
F - 10.2 volts for CDX's and TDX's rated at-1). 8 volts primary, 11. 8 voits maxsmum secondary,

Zyy and Up4 - magnitude and angle of impedance of rotor with stator terminais- short curcuited, for
' CDX's and TDX's.

Rrs - 7rs x Cos @4, for CDX's and TDX's.
i, = specified secondary synchre load eurremt % unity power factor.

3. Tu solve for voltage reguiation of control raasformers, the selvcted values are used- ta thie follow-
Ny equation:

/ ’n’ * WgRpy
k= 1._-\;- Lo e — ._n.____i_ (4)
) Zra® ¢ MR, + Ry

where:
k - woltage regulation.

£, and o" - magnitude and angle of impedance of rotor with the stator terminals short circuited,
for CT'a.

Riy = 2:4 % Coy @y, for CT's.
RL' actual Mimvmmndﬂ.

4. To calculate power factor carrected energising current of & synchse, sebect the valee of power
specified in Mil. Spec. MIL -5-20704 inasmuch s this ia 5 nominud valee and can be resdity applted to the
equation below: , .

‘tearrected) * Promine} )
v

where:

l(cortocted) * correeted energising current.
P@mu * primary power, as listed in Synchre specification Mil. 9pec. MR, -S-207086.

YV 78 volts for CDX's and TDX's rated st 9@ volts primary, 90 volis marimum secondary and for
CT s rated at 90 volts primary, 37. 8 volts maximum secondary.

V102 volts (or CDX*s and TDX's rated a 11. 8 volts primary, 11. 8 volts maiimum secondary
asd tor CT's rated st 11. 8 voits primary, 22.5 voits maxtmum sacondary.
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In determining synchro loading, allowance is made in the values of corrected energizing current of
<DX's, TDX's and CT's to account for normal variation in supply frequency and variation in optimum capac-
ity among units of the same type. Therefore, the value of I(corrected). Obtained from equation (5), is in-
creased by 30 percent for 400- hertz synchros and 10 percent for 60-hertz synchrosto obtain Kcorrected) as
shown by the [ollowing two equations:

I'(corrected) * x(cm'rectedv) +0.30 I(corrected) (400 hertz synchros) ')

F(corrected) * I (corrected) *0-10 I(corrected) (60 bertz synchroa) “

In all synchro loading calculations that follow, the corrected values of encrgizing current for CDX's,
TDX's and CT's obtained from cquatton (6) or (7), as applicable, is use'd.

S. To calculate the value of power factor correcting capacitors for CDX's, TDX's and CT's, obtain
the average of the minimum and maximum values lor 74, and 64,5, namely magnitude and angle respectively
of the stator impedance with the rotor terminals open. Use these average values in the equation below.

cs=1 (10% [stn Oso(avg)! m(d-x;erloc
2 (271) [Zao(avy)]

(8

Z‘o("‘) and @y, (avg) ™ the average values of magnitude and angle of the impedance of the stator
with the rotor terminals open, for CDX's, TDX's and CT's.

{ = frequency in hertz.
C = optimum capacity in microfarads across each pair of stator terminals.

The value of power factor correcting capacitors used should be within plus or minus five percent of the
calculated value. However, the delta connected capacitors should be matched to within one percent total
variation before connections are made and to within 0. 5 percent total variation measured as a closed deilta.

6. The torque gradient value listed in Mil. Spec. MIL-S-20708 for TX's, TDX's and TR's as a per-
formance gharacteristic is one of the required synchro parameters for calculating synchro loading. It is
used in latter sections in connection with system torque gradient equations.

9650-2-e. Control systems

The quantity of synchros that may be carried in a control system depends upon the specific arrangement
of the system. The three arrangements shown in Figure 1 may be considered. The third arrangement is a
combination of the first two. :

In Figure 1 each CDX and each CT is provided with a power {actor correcting capacitor. In this manner,
systems can carry a greater load of CDX and CT units.

1.  Limiting criteria-The primary (actors that limit synchro loading for the systems shown in Figure 1
are:

a. The allowed temperature rise of the CX and CDX units, produced by their respective load
currents. Experiments on temperature rise of synchros uader load indicate that for the stated values
of regulation synchros operate satisfactorily within their allowable temperature rise.

b. The allowed system regulation as a percent drop in voltage gradient of the control transformers,
contributed by the CX, CDX, and load impedance of the CT units. The limiting system regulation for a
400 hertz system is approximately 10 percent, and the limiting voltage regulation for CX's and CDX's is
approximately four percent. The limiting system regulation for a 60 hertz system is approximately

. 15 to 20 percent, and the limiting voltage regulation for CX's and CDX's is approximately 10 percent.
These limiting values are higher for 80-hertz synchros as compared to 400-hertz units because of poor
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regulations the varistion in CT effor gradient will aot be sktevitve ss synchros ire
switched iato or out of the system. This will asoure st the associated servo sy

»yiltage regulation per wait curremt for 60-herts
mentioued lim

stems will remain stable.
2.  System Equetions for Controd ystem A - The jeliowing systemr squatidns are applicable:
VRg = VRoy* VR ®
lx"2Pet (currected) e
where:

VR, : system regulation axpressed in paycent.

VR, , = perceat voltage reguiation of CX, or CDX used as a CX, 'due {0 unity power factor load cur-
rent i dalivers 1o its load of CT's.

Control Speters B

CX
Control Systems C
{ACI (Acl
- CDX
a1 a2
FIGURE | - Systom Dusignation Key for Control Systems
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VR“ = percent voltage regulation of a CT due to its actual load impedance.

I.x = total corrected energizing current drawn from the CX, or CDX used as a CX, by its load of
CT's.

(corrected) ® corrected energizing current required by a CT.
3. System equations for Control System B - The following system equations are applicable:
VRy = Vch + VRegx + VR : (1)
L, Il ;t(corrected) Per differential (12)
Lex Il + I' cgx (corrected)! (13
Where:

VR, = system regulation expressed in percent.

VR.x = percent voltage regulation of CX, or CDX used as a CX, due to unity power factor load
current it delivers to all units.

VR 4x = percent voltage regulation of a CDX due to unity power factor load current it delivers to its
load of CT's.

b d

VRt = percent voltage regulation of a CT due to its actaal load Lm‘pedanca.

Iy = total corrected energizing current drawn from a CDX by its load of CT'a.

I'ct(corrected) = corrected energizing current required by a CT.
Tedx(corrected) = corrected energizing current required by a CDX.

Icx = total load current delivered by the CX, or CDX used as a CX, to power {actor corrected CDX's
and CT's.

4. System enuations for Control System C - There are two CT loads in this system, CT load 1 con-
necled directly to the TX, 7and CT load 2 connected directly to the CDX. System regulation, or drop in volt-
age gradient of the CT, is always poorer for load 2 because voltage regulation of the CX affects both CT
loads equally, but voltage regulation of the CDX is included in the system regulation for the CT's in load 2
only. The same system equations are applicable for this system as for Control System B except that VR
and I x include also the loading due to the CT's of load 1 which are energized directly by the CX.

5. Procedure for Calculating System Voltage Regulation - The procedure for obtaining system voltage
regulation ol a control system load is shown below for Control System C

a. Calculated voltage regulation of each CT in Load 2 for the actual load impedance across the
secondary. A load impedance of 15, 000 ohms is used for {llustrative purposes only in the calculations
for control system "C". Use equation (4).

b. Calculate corrected energizing current and value of power {actor correcting capacitor for each
CT in load 2 using equations (5), (6) or (7), and (8).

c. For each CDX or TDX used, sum the corrected energizing currents for all of its CT's in Load 2,

d. Calculate voltage regulation of each CDX or TDX, using the summation obtained in subparagraph
¢ above as the secondary load current, IL' in equation (3).

e. Calculate the corrected energizing current and value of power factor correctimg capacitor for
each CDX or TDX using equations (5), (6), or (7), and (8).
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{. Same as ssbparagraph a sbove for each CT ia Losd 1.
I8 &ﬂuuubﬂtgnyib&ontcrmhﬂhhﬂl.
h. MdmeonocudeuumnmrwbranWomcw:orm.lumn_“

I. Calculate the voltage regulatios & the CX, ustng the value obtained in subparegraph - far the
secondary load current, Ip, in equation (1).

J. Calculate systam voltage regulation for all paths using the results obtained in ssbparsgraghe
i, d, marormcr-uumzmwmqrmnmxm CT's in Load 1.

A similar procedure s followed for computing system voltage regulation fur Contral Jyatems A and B.
The applicable portions of the above procedure are selected for the particular system being evalusted.

6. Dlustrative example - Figure 2 shows a synchio system loading configuration for a 400-berts Con-
- trol Jystem T. Wystem voliage regulstion is calculated and analysed, as shown below, for all paths of this
system following the procedurs of paragraph s

11CTee 11CTe

Load 1

FIGURE 2 - Rlustrative Daamgle, Systsm C (400 hertz syetem)
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a. Voltage Regulation of CT’s !n Load 2, Hection 9650-2-f and equation (4), showa below, apply.

ke 1\-/ 1 Zre? * TRyRry
g 1 ;  §
Z“ * !RLR,. * .L

;4 = 1200 chms, @, = 46°
R,, = 1360 x (s 46° = §75. 3 onms
Ry, = 15, 000 ohms

k=1 -\/1 ,(xiso)’ :_(5) kxsooo; (;s. 3)
(1260)% + (2) (18000) (875.3) + (15000)

For the 23CT4c,

=1 -\/ 1-0.11013 = 0.087
Therefore, VRey » 5.T%

In like manner, VRct (15CT4c) " T- 3%

VRct (18CT4c) = 5- 7%

b. Calculations for corrected energizing current and value of corresponding power factor correct-
ing capacitor for CT's in Load 2. Equations (5), (%), and (8) apply:

I (corrected) ™ ¥nominul
v

F (corrected) * I (corrected) * % %0 ! (corracted)

-l (0% [ain Opofavy)! mide per leg
(2#t) [2” (av‘)‘

For the 23CT4c,
Prominal * 0- 09 watt
v - 78 voits
I(corrected) * 55> X 1000 = 0.64 ma

Increase I (corrected) PY 30 percent as indicated in section 9650-2-d 80 that ' (cqrrected) = 0- 04 ¢ 0.19
= 0, 83 ma.

In like manner,

r (cut re: ted) (15CTac) = 3.8+ 0.5 2. S ma

T (cor1ected) (IBCT4c) - 0.84 + 0. 19 = 0, 83ma
For the 23CTdc,

2.0(.") - lﬁ, US0 vluns

Oyo(avg) - 82.75°

6
c. )t 00D (0.99300) _ _ 0.013 mld per leg
2 (2) (3.14) (400) (15,030)

q 9880-2
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In like manner, . PO
C(lm)'ﬁmmﬂfl‘
C (18CT4c) = 0.018 mid per leg
¢. Summation of the corrected energizing currents of CT's (i Load 2 for each CDX, Bquation (13)
applies:

L ~Ir (corrected)
For the 11CDX4b,

17-0.83+0.83% 1.7 ma
For the lleX‘c.

,=2.9+0.88+2.3=54ma

d. Regulation of each CDX for its eondﬁﬂu" load of CTs. Bquation {3 applies:

e (M) s (.

For the llCDX“.

(“’ru2 zriz)
I *1.7ma
E= 78 volta
z“-SNo&ni. 5“"53‘ ‘
R = 570x coa23° = 534.7 dhms
i n._» —_— e e — TR s
[ R e /, (mr)? bt - dro]

m T

k=0012 VREG -1.2%
in like manner,. o )
VRgy (18CDX4c) = 0. 8% L
o. Calculstions of corrected energising current ot CDX's anc corresponding vilues of power factor
correcting capacitors. The equations listed In subparagraph b above ar+ applicabdle.
For the 11CDXAN, . .
. G e e
Pm = 0.59 watt
V . =T8volts

-
~

: oy s -y .
Tcorracted) * 0:39 % 1000 - 8.8 ma

T8
Tacrease I (carreeted) b7 30 percent as indicated ia paragraph b so that Tcorrected) = 88 * 2-:0=8.8ma.

=n like -—n.
r(em) (l‘cm‘c) - 12. ’ +* 3.7 L] !5. ' ma.

For the 11CDX4b,

0-‘.‘) = 82°

10 9680-2
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. 1 (10%) (0.90020) = 0.11 mfd per l~g
2 (3) (3.14) (400) (1830)

In like manner,
C(18CDX4c) = 0.28 mid per leg
The load 2 portion of Figure 2 is redrawn below as !'lgur'o 3. Voitage regulation and corrected

energizing current for each CDX and sach CT, and load current delivered by each CDX are shown in
Figure 3.

- --~—L-—--~‘ 23CT4c | VR = 8.7%
aC - 17w \ Tct (corr.) = 0-83 ma

= -

VRegy = 1.2%
I' cax (corr) = 8.0 ma I 23CT4c ] VR = 5. 7%
!'“ (corr.) = 0.83 |
Acl

l‘-t(w’r}U”M

i &
il “-i_.- L {eere VR, - 5.7%

r w0 83 ma
ct {eore)
Vlw = 0.6%

|
Pedx (corr) = 15.9 ma ’
ac!
@
i {15CTac | VR . 139

. I'ct (cory) * 3.3 108

FIGURE 3 - Voltage Reguiation, (orrected Energizing Curreat and
Load Current for Load 2 Synchros of Figure 2.

11 9850-2
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{. Voltage Negulation for CT*s ta Load 1. ﬁ'omh“hc/“’u*bm jealte.
Por the 11CT4e,
Zyy = T00 chme, @ & 11°
" Ryg = 700K Cba 23 5 '84H ohma
Ry = 15,000 diime

’n-'l/: (200)? + (3 (18,000 (49 .
(100)% + (3) (15,000) (849) « (18,000)3

k=1 - 1 - 0,0818 = 0.043

L

ﬂu-vtﬂ

g€ Calculatioas for corrected energising current and eurnqpﬁél& ﬁfv-r t".chr'c}rr;c'ﬁ'n’-"c-

itance of CT's in Loid 1. The equations listed ia subparagraph b above are appticable.
I (corrected) (11CT4e) = 2.6+0.4 =34 ma
€ (11CT4e) = 0.038 mfd pe¥ log

S L el S L fooaldr & RIS Aaay o L o Rt DT vy
The load } portion of Mtp}_llnﬂnﬁn below 44 i‘kwc 4 Vﬁl‘- Fﬁu’uﬁm md correstad-ensrgis -
ing current of each CT are shown il Figure 4.

VR « 4.3%

l'cg(*rr) = 3.4 ma

FIGURE 4 - Voltage Regulition and Corrééted Enerfiiing Clirrént for Load 1 Synohres of Pigure 3.

h. Summation of all corrected energiding cdrrents of all CT's and CDX's shown in Pigures 3 and 4.
Equation (13) applies:

'cx'zua M ?é&(corroctod)]

Units Corrected Energizsing Current (Ma)
2-11CT+¢e 6.8

2-15CTéc 4.6

1-18CT4c 0.83

2-23CT4c 1. 08

1-11CDX4d 8.8

1-18CDX4e S.9

: 1 -
Totdl Current 38.59 ma * ¥ ma

12 94080-3
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. Voltage Regulation of 23CX4d. . Pquation (1) applies.

t-(xo“_-_;_’;,)\/x+‘;:_ ®,2 - 2.0

For the 23CX4d,
kL = % ma
E = 78 voits
Zya* 28 onuns, o, - 47"

Rag = 26 x Cos 42° = 19. 3 ohms

K= [1 . (9.9 (0 (O;E!}_)_} i/l R (".’2‘_7 ir““° » - (”),]
: 78 78 .

k=0.01 VR, =»1%

J. System regulation using equationa (9) and (11)
VRs = Vch + VRC(
VR, = VR VR, + VI,

The system regulatirn for each path is shown helow:

Path Voltage Regulation ~

X cpx stem
23CXA4d-11CT4e 1.0% . 4.2%9 = s.
23CX4d-11CDX4b-23CT4c 1.0% . 1.2% - 5.7% = 17.9%
23CX4d-18CDX4c-15CT4c 1.0% . 0.6% . 7.3 = 8.9%
23CX4d-18CDX4c-1RCT4c 1.0% (3 0.6% . 1% = 7.3%

7. The tabulation in subparagraph 8; for the illusirative example of Figure 2 indicates the {ollowing:

a. The voltage regulation is well within the lin'ting values of 10 percent for a 400-herts system,
four percent for the CX and four percent for the CDX.

h. More synchrus could be carried ;n 1nads ] anc 2 without esceeduy tae (1miting condition spec-
died 1n subparagraph a above.

8. The load on tranamitters may be Increased when the control trana:nitters 4. ¢ replaced by torque
transmitters of the same size. This larger load with the TX will not deteriorate the voltage gradient.
However, the null voltage output of the CT units may be several tinies higher than tie CT null voltages for
systems made up of control units only, because 80~ and 400-hertz torque svnchros generally have higher
nuil voltages than control svnchros. In 60-hertz con(rol systems, where a satistactory control system
cannot be st up, available torque transmitters and toryue diffcreatial transmitters gy be used in the
determination of control systems, keeping in mind the higher null vcltayes of the turque units. Control
loads mayv be supplied from u torque differential, dictated hy exinting equ:pment design, within the s7stem
parameters. This practice is not desirable for new equipment circuit design. Use of a torque transmitter
15 mandatory when hoth control and torque loads are supplied (rom a single transmitter.

9650-2-f. Torque systems
The load un receivers that may be carried in a torque system depends upon the arrangement of the
system. The three arrangements shown in Figure 5 may be considered. The third arrangement is a

13 9650-2



comiBliiation of the liret two. The TOX uaits ia Torque Systems B and C are provided witlr power tator -

mcwm-n’momwmmszﬁmmm

1.
receiver

Limiting criteria {or Torgue Systém & - The primary factors coutrolling the Iimiting load of
s are )

*‘-rot\-' Syetem A

FIGURE § - System Designation Key for Torque Systems -

14
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a. The allowed maximum receiver error under static operation. As the number of receivers in a
system {s increased, the system torque gradient gets weaker and the receivers require larger position
errors to overcome their restraining torque and fallow the transmitter. Therefore an excessive system
loading would produce excessive receiver errors. A practical solution is to limit the number of receiv-
ers tn a value that gives a system torque gradient no lass than 2/3 the value ol the unit torque gradient
of the receivers. With this limitation, at full svstem load, the receivers will give 30 percent increame
in the remtraining torque component of poaitiun e:ror as compured to that obtained by one recetver rom-
trolled by a duplicate size transmitter The increase in the total position error is actually less than 50
percent because the electrical error component of position error is not dependent om the number of re-
cetvers in the system.

h.  The allowed temperature rise in the ™% and TR produced by circulating currents and by error
currents. [n normal practice, with the receivers used only for position indication, past experience in-
dicates that circulating and error currents are small and the temperature rise of the transmitter and
receiver will not be excessive.

2. System equations for Torque System A - With recetvers segregated by size in groups n,, n,, n,. . .
receivers, the system torque gradient of a receiver {n any one group is give: with sufficient acluniy bi':

2T, T,
s . utur (1)

Ty * B Typy + "2Tur2 . "STqya ..

where

T system torque gradient of particular recetver in group nj, ng, or ns.

5
Tur = unit torque gradient of same receiver.

Ty = unit torque gradient of TX, or TDX used as a TX.

ny = number of receivers at equal unit torqu.: gradient T,.;.
ny  number of receivers at equal unit torque gradient 1‘“,.2.

ng : number of receivers at equal unit torque gradicnt Turs

The system terque gradient of equal size receivers reduces to:
T. ra Tur (13)
u, ¢+ r
where,

T" = gystem torque gradient.

ro=Ty - unittorque grodient of e TX, or TOX uava an 4 TX
Tyr unit torque gradient of each TR

n, = number of equal size Til's.

3. é_rg_ggchq_lox; calculating system torque gradient n Sysiem A - System tnryus gradieat s obtained
by solving equation (14).

18 9650-2
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TRec }

L

31 TR - -
FIGURE 6 - Diusuative Examply, Turque System A (400 hertz System)
. For the synchros shown in Figure 8, performance charscté#aiics in MII. Spec. MIL-8-I0TOE witd
used {or the \llustrative example shown below. ’
T, * 0. 80 ox-in/deg d.l'.-I
T“';u = 0.10 ox in/deg

Turzy - 038 os~ia/deg
Typgp = O 07 oa-in/dug

a3 " 3

n:l LR

Substituting these values into equation (14) yields the following:

T, e B (0.90) Tor « =0T,
0.90 ~ (2) (0.10) + (3} (.028) « (1) (0.€7)
The solution Ty = 0.71 Tyr showa thit thé pumiber of feceivers ls Limited s 4 value that fivesa
system torque gradient no [ess than 2/3 the vatue uf the unit torque gradient of the receivers N )

4. Limiting criteria for Torque System B - The limiting aumber of differential units ind‘recétvers
is based on the following comaiderativas:

a. Thtumunun.ynomWpdhmam“lnnuﬁtalﬁmén&d&u\hﬁw
grudient, as discussed in subparagraph 1a for Torque System A.

b. The load current required to snergise the differential units is limited to the value that the TX caa
CArTy &t a safs tempersture rise ant at & voltage reguiation not exceeding three percent for 400-herts
units and not exceeding seven percent {or 60-hertz units. The limiting regulation value s higher for
60-bertz thas for 400-hertz TX's becauss 60-herts TX's have poorer voltage regulaticn per umit current
than 400-hertz units. It is assumed that the differentzal units ia the system are energized sqiely by the
TX unit, withowt contribution by the receivers. The allowable load determined in this maaoey will as-
sure safe opsration of the TX and TR units regardless of how many receivers may be switched off the
System. It is further notsd that all TX units up to and tacluding stize 37 can supply unfty power factoe
load current up to three percent regulation for 400-herts units and up to weven perc.a'(’rm'u. for
80-hertz units withowt exceseive temperature rise. .

18 T 9060-3
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S. System equations for Torque System B
a. The secondary load current drawn from the transmitter is given by ‘b following equation:

xtx L Ptd: (corrected) (18)
where
lu:mttypo'eructorlondmnntolm‘rx. or the TDX used as a TX.
"tdx (corrected) * corrected energizing current of a given size TDX.
n, = number of equal size TDX unita.

b. For equal size differential units and equal number and sizse of receivers oa sach differential,
the system torque gradient of the recetvers in this system may be specified by the folowing approxi-

mate formula:
T 42r
s b T, an
"'
where . a.r
‘ Ty s°dr (

——————- 18)
ad * rd

and

T_ = system torgue gradient of each TR.

T __= unit torque gradient of the TR's.

n - number of equal size TR's.

n, * number of equal size TDX's.

= unit torque gradient of TX, or TDX used as a TX
unit torque gradient of TR

unit torque gradient of TX, or TDX used as a TX
unit torque gradient of TDX

3 "'-l

-
.

"l'ﬂ"l
"

ud
6. Procedure for calculating voltage regulation and system torque gradient in Torque System B

8. Calculate corrected energizing current and value of power fartor correcting capacitor for the
TDX. Equations (5), (8) or (7), and (8) apply.

b. Solve equation (16) for the secondary load current of the TX.

c¢. Calculate the voltage regulation of the TX, using the value ob.ained in subparagraph b for the
secondary load current 'L in eguation (1).

d. Calculate system torque gradient using equations (17) and (18).

7. Niustrative Example for System B- Figure 7 shows 3 synchro system loading coniiguration for
Torque System B. Transmitter voliage regulation and system torque gradient are calculated and analyzed
below.

17 0850-3 -
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FIGURE 7 - Nlustrative Kaampie, Torque System B (400-herts System)

a. Calculatious for corrected energizing cur:ent of TDX.and corresponding power factor cocrect-
ing capacitance. Equations (3), (8), and (8) apply.

For the 23TDX4c,

P_nomuuu = 1.0 watts

\'4 = 78 volts

P
l(c':)rru'ted) ."0“""‘“ - 7‘_0 x 1000 = 90 ma

v 78

ICTY4%® Icorrected) bY 30 percent as indicated iu Section 9830-2-{ wo that I' (yo, (. 90127 . 117
ma

For the 23TDX4c,

Zs«m‘, = 101 ghms

Osotavg) » 8S°

1(10%) [ ota 0 .1 a08) (0, 996)
C- = 2.0 mid
—‘(n,-fn—“"lﬁﬂm) Tuﬁstr-mnm per log

b. Calculation of secondary load curzeut dalivered,by 31TX4e. Equation (18) applies:

e * %0 * Veax (corrweteay = 3) (117ma) = 334 ma

¢. Caiculation of voltage regulation «f 311‘!40 using the value of secondary luad current obtained
in subparagraph b as !L in equation (1)

For the 31T 4e,

I, = 234 ma

L
E = 78 volts.

(]
Z“t 3.5 ohms, 0 * 81

R,: 3.5x Cos 31° =2 2.2 ohms

18 9650-2



2 December 1968

() e 2

E
[: . (2.2 (o.m)] J 1 .(o. 234" ('(z.z)’ (a.s)’]
=Sy g
k- 0.007 VR - 0.7%

d. Caleulation of system torque gradient in System B using equations (17) and (18).

n, . = number of equal size TDX units = 2

d
Te = Tu - 0.67 =6.7
T .o10
ur
rq = Tu - 067 =42
T 16

od .
n, = number of equal size TR's = 2

Equation (18) yields
Mt v2(em v2.2
. 2+4,2

ﬂd‘l‘d

Equation (17) yields

T, T2 Tur T2(2.2) Tor Y1.0Tyr 7 107,
n, ¢ T, 2+2.2

8. The system in this illustrative example for Torque System B complies with the requirements of
paragraph 4 in that the voltage regulation of the 31TX4e is less than three percent and the system torque
gradient of the receivers exceeds the minimum required valus of 2/7 the unit torque gradient. In fact,
the results show that the system of Figure T could carry more differentials and more receivers without
exceeding its limiting load.

9. Limiting criteria for Torque System C- The limiting number of receivers in loads 1 and 2 and
differentials are based on the following:

a. For load current furnished by the TX, paragraph 4b is likewise applicable for Torque System
C. The number of diffcrential units that may be used with the *X is the same as for Torque Svstem B.

b. The system torque gradient for load 2 receivers, exclusive of load 1 receivers, should be .
greater than 2/3 the value of their unit torque gradient.

c. The system torque gradient for load 2 receivers should nnt be reduced to less than 2/3 their
unit torque gradient by the addition of load 1 receivers. For the 'imiting condition that system torque
gradient equals 2/3 the unit torque gradient of the recetver, the maximum number of equal size re-
ceivers in load 1 should be calculated from equation (19).

10. System equations for Torque System C-

a. The secondary load current drawn {rom the transmitter is given by equation (16).
b. For equal size differential units, equal number and size of load 2 receivers on each differen-

tial, and the number of load 1 receivers equal to zero, equations (17) and (18) are applicable to obtain
system torque gradient of load 2 receivers.

19 9650-2
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€. The following approximate equation 18 seed to-cbiain the. maximum-sembor-of recetvers in load
1, sssuming equal sise- recetvers for both loads.

I Lo S w B o A
! 1% * T

¥ e)

where:
8, = limitiag sumber of equal sine TR's in load 1.
ny = gumber of equal sise TR's ia load 2.
fgy = bumber of equal sise TDX's.

r -_T_n_- unit torque gradient of TX, or TDX used as a TX
Typy it torque gradient in

r, -;_u_ . of TX, or TDX 2 TX
urg Unit torgue

r‘-;_\L » ratio of unit torque gradients of TX asd TDX
ud

11.  Procedure for calcylating voltage regulation, system lorque gradient sad theallgwable recaiver
for Torque System C. -

a. Calculate corrected energizing current aad.powsr factor correctiag capacitance .foec W TDX,
Equations (3), (8) or (7) and (8) apply.

b.  Solve equation (16) for the secondary load current of the TX.

. Calculate the voltage regulation of the TX, usiag the value obtained in subpaangraph b {or the
secondary load current I; in equation (1).

d. With the number of load 1 receivers set equal.io sero, calculate system Lorque gradient. using
equations (17) and (18).

.. lmwmqmwmm&uhmdhmm—m'l'".,nolnlor
the maximum allowable receivers in load 1 using squation (19).

12. Dlustrative éxample - Figure 8§ shows a synchro system loading configuration; for a Torque System
C. The dotted portion of this figure is Torque System B, Transmitter voltage. regulation, . system torque
gradient for the dotted portion of the ligure, and the maximym allowable recsivers. in load 1 Are calculated
and analyzsed below.

2. Calculations for transmitter valtage reguiation and. system torque gradiest for the. dosted por-
uondﬂcmllnunuunu(or'romlyumandmmuml The calculations
show that 'r. ¥ 1.0 ru.

b. Calculation lormmnmluovabhncdnuhlmdlnu.m(n).

ay =3

ng =12 rp=07
rg=6.7
rg=4.13

20 - 9650-2
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FIGURE 8 - [llustrative Example, Torque System C (400-hertz System)
R TR e
" . Td™2

670((2) 8.7 (&) - (4.2) (3) -(2) @A) =4

. 4.7

n v

13. The system in thia {llustrative example for Torque System C complies with the requirements of
paragraph § in that the voltage regulation of the 31TX4e is less than three percent, the system torque gra-
dient of load 2 receivers, exclusive of the receivers in load 1, is greater than 2/3 the value of their unit
torque gradient, and the actual number of receivers in load 1 is less than the maximum allowable number

computed from equation (19).

N 9650-2



14: Miced sizeeof TR a0d of TR Unita - To stmplify caleuiattons-of ioade- i Torqur-Oysteste Pae:: -
C. the same size receivers and equal sizse differentials should ' be used.: Jystems using mited sise disyrews- -
lals and mixed sise recetvers may be analysed by procedurss-shown ia the peragrapha-tiat folSew

15. Mixing of differentials in Torgus System B - These systems cas be- modified te {aclude diftere-
tials of mixed sizes by noting that the differentials can be mixed by relation to their proportional weight.on

4 given transmitter and that the quota of receivers is (ixed by the siss of the ditferential.
Consider the following mixed system:

One 23TDKAe- - Two: t8TRéc s por TR
31 T4e
Two 18TDX#éc's - One-18TR4c-pur PO
Todetermine the fegsibility of the above mixed systam soive-for the limitiag load tor each sizse TDX with its

associated receivers as a Torque SBystem B and then mix the ¢ without: changing: the-zssociated
receiver load, bv the proportional weight of each TDX on-the TX.

.

a. Applicable equations - The applicable esquations for mixing TDX s in Torque System B are.

shown below:
for 3% VR for 460 heres
n -ltx< T .
dmax for 7% VR for ‘60 herty

(20)..
Feax {correctady:

where:

ltx * unity power factor ioad current of the PX.

"t&'(cornctod) « corrected energizing current of TDX.

Rymax limiting number of equal size TDX units.

"brmax ¥ Zrb. (21) -
where:

Ty is defined by equation (18)

Nymax * limiting number of equal size TR units.
There mustbcalcmonc‘rnononrymunymmd systaw.
Thus,

';m;l approxtmately (22y
dmax

where:

'bau and lm are defined above.

b. Calculations for System C%‘ 13TDX4c with Two 18TRic Units %r TDX -
~ The load cur ree parcent vo regu or is approximately one' smpere -

A

22 2€80-3
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using performance characteristics shown in paragraph 7c and equation (2). The power factor corrected
energizing current for the 23TDX4c, as found in paragraph Ta is 117 milliarperes.

Therefore

'lmp‘u

I
0.117 ampere

Use this value of Rgmax fOr nq in equation (18) and soive for ry, as shown:

o.n)
LY "d"r___.B .10/2 4.4
ng+rq

)

2k
2

o

1

From equations (21) and (22)
Mymax * 2rp = 2(4.4) 5 8.8

ﬂ'!;_;lu;s!-gﬁn.no-nxm«prnm«

Since the mixed system requires two 18TR4c’s per 23TDX4c it is necessary to reduce Ngmax {rom its
value of 8 and for each reduction lo repeat the above calculations for ™ Bpmax and npmax/ne satil npmax /

ng ¥ 2 or more. Using this aprroach ng s 3, npmax = 8 and Nhmax/Nd # 2. The resultant limiting Torque
System B, where the 23TDX4c can carry two 18TR4c's per TDX is shown below:

31TX4e - Three 23TDX4c's - Two 18TR4c's per TDX

c. Calculations for System Containing 18TDX4c with One 18TR4c per TDX- A similar approach |s

used for the 18TDX4c with its assoclated receiver load, using 0. 05 ampere as the power factor corrected
rnergizing current {or the 18TDX4c.

fdmax ; [ ampere 5 39
0.05 ampere

(o._ ev)

_z0\0 10

“20. (0-50)

LY < 4.3

"bmax 5 2r, 3 (2) (4.3)3 8.6
"bmlx/ndm“ = _g_d_e v 0.43

The above result is unsatisfactory as it does not compiy with equation (22). narnely

Sbmax 1) approximately

The mixed system requires one 18TR4c per 18TDX4c. Therefore ngmax should be reduced from ita
value of 20 and for each such reduction the above calculations should be repeated until nbmax/ng «* | approxi-
mately . Using this approach n4 # 4, nbmax 3 4 and nbmax/nd 2 1. the resultant limiting Torque System B
waecse the 18TDX4c can carry one 18TR4c per TDX is shown below:

31TX4e - Pour 18TDX4c's - one 18TR4c per TDX

23 9850-2
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d M ddm.unthlo-ht'ommu-mw&mnw
J1TX4e - Three I3TDX4c's - Two 18TRéc's por TDXX
31TX4e - Pour 18TDX¢c's - One 18TRee per TIX

As sn approximation, one 33TDX4c with its mdmtt‘rﬂc'uprmmunﬂaadbym
18TDX4c with its quota of ooe 18TRéc per TDX. Therefore, the mixed system being constdered in this
paragraph can be formed {rom the two Separate lmiting Torque Systems B:

33TDhX4c - Two 18TRAc's per TDX

I TX4l w0 18TDX4c"s - One 18TRYe por TIX
From the above {t may Le concluded that this sysiem is satisfactory.

18 Mizing of duferentiale yn.'r:guo‘%-‘um C - In this system there are twa receiver londs, one on
the primary side of the units {Toad 1), the olher on the secondary side (luad 3). First use the Appreach

ol paragraph 11 {or equal sise units. Then use the spproach of paragraphe 14 and 15 for mixing of differen-
tial units without the need of considering load 1.

17. Mixing of receiver loads in Torque mmlBMC-ManMbpr

weight on the TX and the TDX. A sim expression for the number of receivers of one size to an
equivalent number of receivers of another size is shown below:

®15 Tur1s * *18 Tur1s = %23 Turas = "33 Tursg = "37 Turs? a)

where

-:mm:am.ammnmm

Tyr = Wit torque gradieat of receiver of ¢'.> given by the subscript.
Example: '

TarlTR¢ 0. 10 on-in/deg.

‘r““m“ + 0.03 as-in/dng.

%ot
Using equation (23)

%5 Turts = ™18 Tur1s
a4 (0.03) = (1) (0.10)

T

n,s-!

Therefore, three 15TRX4a's can Tepiace or be replaced by one ISTR4c.
9450-1-¢g. Application

Takies 1 through 8 have been compiled utilizing equations (1), (3) and (4) as applicable. These tadies
provide precalculated sclutions for normal component coatrol system configurations when used in con-
junction with SynchroSystem Loading Tabulation Form drawing, NAVSHIPS No. 815-1853311. Por 2 con-
figuration which is not within the scope of the tables, calculations shall be accomplished 2s indicatad in the
preceding sections. VMWMMNM%MMMdprmL

A-tndﬂa'dlunmdmemchrooymumwwmtbhhu(ormuc“nsl
to 4, 9to12, 18, l'lmdutondthc-ynchro:ymludumry. Column § does not apply to control
systems. Columns 8, 14, 15 and 18 do not apply to torque systems.

24 9630-2
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The corrected energizing current plus allowance (I' CORRcolumn 13) of each component shall be de-
termined by equations 5 and 6 for 400 herts and 8 and 7 for 80 hertz system.

For control systems the value of the total corrected energizing current drawn from a differential by its
load of recetvers (indicated in column 12) shall be calculated by use of equation 12 and tabulated in column 14.

For control systems percent voltage regulation (VR column 16) for each component is determined by use
of Tables 1 to 3. Table 1 was developed from equation 4 for the synchro loads most commonly entountered
(15CT6d, 18CT68d, 23CTéc, 11CT4e, 15CT4c, 18CT4c and 23CT4c). The percent voltage regulation for a
particular synchro having an established load impedance across the secondary is tabulated in relation to the )
impedance. Interpolation shall be used in determining the percent voltage regulation for values of impedan ce
not tabulated. The percent voltage regulation for differentials shall be determined by the use of tables 2 and
3. Tables 2 and 3 were developed from equation 3 for synchro differential loads most commonly encounter ed
(15CDX6c, 18CDX6d, 23CDX6¢, 15CDX4d, 18CDX4d, 23CDX4c, 23TDX6c, 15TDX4c, 18TDX4c and
23TDX4c). The percent voltage regulation for a particular differential having an established total corrected
energizing current (Ia column 14) drawn by its load is tabulated in relation to current drawn by the load. In-
terpolation shall be used in determining the percent voltage regulation for values of current not tabulated.
For synchro loads not tabulated in tables 1 to 3 equations 3 or 4, as applicable, shall be used to calculate the
voltage regulation value VR to be tabulated in column 186,

The value of the power factor correcting capacitors (column 18) shall be calculated by the use of equa-
tion 8.

The secondary synchro load current at unity power factor (Iy, column 7) for the transmitter is arithmeti-
cal total of the corrected energizing load current (I' CORR column 13 - quantity columns 9 and 11 included).

For control systems percent voltage regulation (VRymtr column 5) for the transmitter is determined by
use of tables 4 to 6. Table 4 was developed from equation 1 for the control synchro transmitters most com-
monly encountered (15CX6c, 18CX8¢c, 23CX6d, 11CX4e, 15CX4d, 18CX4d and 23CX4d). The percent voltage
regulation for a particular synchro transmitter having an established secondary load current (I1 ) is tabulated
in relation to the current. Interpolation shall be used in determining the percent voltage regulation for values
of current not tabulated. Tables 5 and 8 were developed for the torque synchro transmitters most commonly
encountered (18TRX6b, 23TRX6b, 31TRX8a and 37TRXSa in Table 5 and 11TX4c, 1STRX4a, 18TRX4a,
23TRX4a, 31TRX4a and 3TTRX4a in Table 8).

For torque systems the value for tabulation in column 5 shall be determined by equation 1.

Synchro signal distribution may be comprised of more than one circuit path. The system voltage regu-
lation (control systems - VRs column 8) for such distribution shall be via the circuit path which praovides the
maximum value upon arithmetic addition of the voltage regulation of the transmitter and all loads comprising
that circuit path.

The percent system voltage regulation (control systems - VRs column 8) value shall comply with the re-
quirements estabiished in 9650-2-e.

For torque systems the system torque gradient (Tg column 8) shall be determined by equations 14, 18,
17, 18 and 19 asapplicabie to the circuit configuration and shall comply with the requirement established by
9650-2-1,

TABLE 1

, VOLTAGE REGULATION PERCENT FOR CONTROL TRANSFORME RS

Impedance

Thousands VOLTAGE REGULATION - PERCENT - (VR)

—Qhma

(RL) 18CT8d 18CTed 23CTSc 11CT4e 15CT4c 18CT4c 23CT4c

2 44.85% 50. 22 44.80 24.87 37.87 33.1¢ 33.68
4 28. 82 33. 41 28.76 14.10 23. 07, 19.17 19.34
[ ] 21.23 25.01 21.17 9.83 16. 56 13. 42 13.48
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TABLE 1 (Continued)

Impedance

Thousands VOLTAGE REGULATION - PEPRCENT - {VR)

. .
(Rp) 15CTed 18CTed 3CTéc | 11CT4e 15CTéc 18CT4c 23CT4c
215 .14 .91 .14 l 300 | .34 41 .q
220 .72 .89 .72 .29 .53 .40 .40
225 .n 87 .M .29 .52 .36 .39
230 .60 .88 .89 .28 .51 .38 .38
235 .68 .84 .88 .27 .50 3% .31
240 .88 .82 .66 | .2 .48 .37 .38
245 .65 .80 WO T Y .38 .36
250 .64 .79 - e .38
255 .63 1 .62 I I .35 .34
260 .61 .76 N S T . .3 .3
285 .60 .74 80 3 1 a .33 .33
270 .59 .13 i T "R T I .33 .32
275 .58 .12 .58 | .23 | -4 .32 .32
280 .57 .70 L N N I R .3
285 .56 .60 .56 - .28 1. e & .31
200 .55 .68 55 1 .22 .0 .30 .30
295 .54 .67 e | | m .30 .30
300 .53 68 | .83 . 22 % - .29 .30
305 .82 .65 .82 B S B .38, .29 .29
310 .53 .84 R N U S .28
315 .81 .63 St 1 .30 | .87 | a8 .28
320 .50 .62 .50 | 20 1 s .28 .27
325 .49 .61 49 . 20 | .3 .27 .21
330 .48 .60 48 20 1 s | 27 .26
335 .4 .59 48 19 s .26 .26
340 .47 .58 41 19 M .26 .26
345 .48 .57 46 | 19 i s ! .26 .25
350 .48 .56 4 a1 s .25 .28
355 .45 .56 45 18 (3 .25 .28
360 .44 .55 448 32 .28 .24
365 .4 .54 N IS | Y - S .24 .24
370 .43 .53 .43 .18 I TR .24 .24
378 .43 .53 .43 v | g .24 .23
;380 .4 .52 .42 Y 2 .23 .23
385 .4 .81 .4 17 .30 .23 .23
300 .41 .81 A 17 .o | .23 .22
35 .4 .50 .40 6 1 o .22 .22
400 .40 .49 .40 a8 | 3 .22 .22
405 .3 .49 .30 .18 | -2 .22 .22
Q0 .39 .48 .39 .18 .2 .22 .
415 .39 .48 .38 BLEEE N .1 .
420 .38 .41 .38 I T T I .31 .21
425 .38 .48 .38 .15 2T .2 .2
430~ = Ja8 n as | i b Iy .20
433 .81 .45 .3 .18 .26 .20 .20
440 .36 .45 .36 15 .28 .20 .20
445 .98 .44 .38 .15 .28 .20 .20
450 .38 .44 .35 .14 .28 .20 .19
455 .35 .43 .35 14 .28 .19 .19
480 .35 .43 .35 .14 .28 .19 .19
5 .3 .42 .34 .14 .28 .19 .19
470 .M .42 .34 .14 .25 .19 .19
475 .34 .42 .34 .14 .25 .19 .18
480 .88 .41 .33 14 .2 .18 18

£
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TABLE | (Costtnued)

VOLTAGE REGULATION - PERCENT - (VR)
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1 Ducember 1908

TABLXY 3 (Continmed)
Voitage
Aeguistion LOAD CURRENT - MILLI-AMPS (Iy)
Percent e g e "
(VR) 15CDRec | 16CDX8d | TCtikse o T oo
9.4 .2 (3! 13.73
0.5 6.28 6.17 13. 87
0.6 6.35 8.24 | 14.02
9.7 6. 41 8.30 14.16
9.9 6.48 6. 37 14.31
9.9 6.54 6. 43 14.48
10.0 8.681 _j 8. 49 14. 60
- eme m [ S - ———— - c—— — —
TABLE 3
VOLTAGE REGULATION PERCENT FOR TORQUE DIFFERENTIAL TRANSMITTERS
Voltage ‘
Regulation LOAD CURRENT - MILLI-AMPE (})
Percent | _. R g = e e
(VR) 23TDKSc | 15TDX4c 18TDX4e | 23TDKAe
. R -4 N N e J S,
B ¥ .63 .0 1.6
.2 .13 .27 8.01 15,23
.3 1.10 1.90 9.00 22.83
.4 .49 2.5 12.01 30,43
.8 1.83 L1 15. 00 8.0
.8 3.20 3.80 18.00 45. 50
.1 2.5 4.4 + 20.98 $3. 18
.8 2.94 5.0 23.97 60.73
.9 3.3 .70 26.95 68.37
1.0 3.6 6.34 29.92 78.81
1.1 4.08 8.97 32.90 3. 34
1.2 | 440 7. 60 3s. 87 90, 87
1.3 [ 4.7 8.23 30.84 9. 38
1.4 ! 5.14 8. 88 41.80 108. %
1.5 5.50 9. 50 44.76 113. 9
1.6 s. 87 1018 | e1.m 120. 89
1.7 8. 2¢ 10.7¢ 50. 67 138. 37
1.8 6. 60 11.39 53.63 135.04
1.9 6.9 12.02 54.57 143. 31
2.0 7.3 12.68 | 39.81 150. 71
2.t ! 1.70 13.20 63. 46 188. 23
2.2 8.07 13.92 65.39 , 165.08
2.3 8. 44 14.58 68.33 , 173.10
2.4 8. 00 15.18 71.36 | 180.53
2.8 9.17 15.81 74.19 187. 94
2.6 %5 16. 44 .1 195,38
2.7 9.90 17.07 80. 03 202. 78
2.8 10. 37 17.70 82.95 210.18
2.9 10. 63 18.33 | 85.87 217. 53
3.0 11.00 15,96 . 388.78 234.901
3.1 n.m 19.59 91.00 132. 2%
32 11. 13 20. 32 94. 60 239. 64
3.3 12.10 20. 84 97.80 247.00
3.4 13. 48 21.47 100. 40 2544
3.8 12.83 23.10 103. 30 201. 68
3.6 13.20 232.73 106.19 289. 01
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2 December 1068

TABLE 3 (Comtimued)
Voltage

Regulation LOAD CURRENT - MILLI-AMPS (l.)
Percent

(VR) | 23TDX6c [ 15TDX4c | 18TDX4c | I3TDX4c

|

DU DWN OO -

13.56 23. 3 109, 08 276. 33
13.93 23. 9% 111.97 28%. 85
14.29 4.6 114.85 200. 98
14,68 as. 4 117.73 298. 28
15. 03 ’
15.39
15.76
16.13
16. 49
16. 88
17.22
17.58
17.95
| 18, 32
' 18. 66
19.05
19. 42
19.78
20.15
20.51
20,88
21.24
21. 6
21.98
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TABLE ¢
YOLTAGE REGULATION PERCENT FOR CONTROL TRANS!

TABLE 3 (Continued)

LOAD CURRENT - MILLI-AMPS (1,)
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2 December 1968

TABLE 4 (Continwed)

SECONDARY LOAD CURRENT - MILLI-AMPS (Iy)

~TSCX4d

147.18
151.10
155.02
158.93

130. 34
143. 28

1
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2 Decembear 1988
TABLE S (Conttmued)

Voltage

Reguiation SECONDARY LOAD CURRENT - MILLI-AMPS (I;)

Percent e .

(VRxmtr) 18TRX6b | 33TRX6b | SITRXéa | STTRX6a
3.2 8.00 17.47 78.58 200, 53
3.3 6.28 ' 18.02 81.03 298. 52
3.4 8.47 18.56 83.49 307. 51
3.5 , 6. 68 19.11 85.94 316.50
3.6 i 8.85 19. 65 88.39 325.48
3.7 ! 7.04 20.20 20. 84 334,48
38 7.2 2074 | 9329 343 44
39 7.42 | 21,20 95.74 352. 42
4.0 1. 61 21. 84 l 98.19 361. 49
4.1 7.80 22.38 100. 85 370. 36
a2 | 709 22,93 | 103.10 379,33
4.3 ' 8.18 23.47 | 105.5% 386. 20
4.4 R 24.02- | 108.00 397.25
4.5 | 8.58 | 24.58 110. 45 408. 21
4.6 8.75 i 25.11 112.80 415.16
4.7 8.4 | 2565 115. 35 424.11
4.8 9.13 26.20 LA ) 433. 08
4.9 9.32 26.74 120.24 442.00
5.0 | 9.: 27.29 122.690 450, 94
5.1 . 9.70 27. 84 125.14 450. 88
5.2 l 9.89 28.38 127.59 468. 82
5.3 10.08 28.93 130. 03 4TI TS
5.4 70.27 20.47 132.49 486. 68
5.6 | 0.4 30.02 134.93 495. 60
5.6 10. 65 30,56 137.38 504, 52
5.7 [ 10.84 n.1 139.83 513. 44
5.8 I 11.03 s1.68 142.28 $22. 3¢
5.9 .22 32.20 144.72 531.27
8.0 Co1n 41 32.74 147.17 540.18
6.1 | 1160 33.20 | 149.62 549. 00
6.2 YonLTe 33.83 152.06 ° 557.99
6.3 f11.98 84,38 154. 51 566. 89
6.4 ro12.17 3492 | 156.96 ! 51579
8.5 12.35 35.47 1 150.40 584, 69
6.6 12. 54 3.0 ' 161.85 593. 58
8.7 12.73 38.56 |, 164.29 ' 602.47
6.8 12.92 37.10 166.74 ! 611.35
69 1. 11 37.65 169.18 620.23
7.0 13.%0 38.19 171. 63 629. 11
7.1 13.49 38.74 174.07 ! 637.99-
1.2 13. 68 39.28 IV6.52 ' 6468.86
7.3 13.87 38.83 79.96 | 655.73
7.4 14. 08 40, 37 81.41 |  664.60
1.5 24.25 40.92 183. 85 673. 46
1.8 14. 44 41.46 186.29 | 6812.3)3
7.1 14.63 42.01 188.74 | eo1.18
7.8 14.81 42,55 191,18 |, T00.04
1.9 15. 00 43.10 - 193. 62 l 708. 89
8.0 15.19 43. 64 196. 07 T17.74
8.1 15.38 “4.19 | 198.m 728. 58
8.2 15. 57 “.13 3200. 95 735. 43
8.3 15.76 45.28 203. 39 4.7
8.4 15.95 45.82 205.84¢ | 753.10
8.5 16.14 + | 46.37 208.28 ' 761.94

%
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TABLE § {Contiawed)
Regulation &nmmnnrunncmmmnounLhuﬂsau
(VRemtr) I1STRX® | 23TRX8b | JITNX6a | STTRXGa  — ~— ——
16.33 46. 0 n0.72 ™M0.1T7
16. 52 47. 48 213.16 779. 60
1.1 48.00 215. 60 788. 42
| 16.90 48. 55 218. 05 197. 24
i 11.08 49.09 2320, 49 808. 08
o1 4. 64 222.93 814.88
| 11.46 50.18 s 823.09
i 17.65 50.73 227. 81 833. 50
. 17.84 $1.27 230.25 841. 31
' 1s.08 51.82 233.69 850,11
, 1812 52. 36 238.13 858. 91
, o 18.4 $2.90 237.57 8. N
! 18,60 53.45 240. 00 876.50
18.78 53.09 242. 45 885. 29
1097 [ s | e | s
TABLE ¢
VOLTAGE REGULATION PERCENT FOR TORQUE TRANSMITTERS
AND TORQUE DIFFERENTIAL TRANSMITTENRS
SECONDARY LOAD CURRENT - MILLI-AMPS (I,) -
) 1IITX4c | 13TRX4a | 18TRX4a | L3TRX4 | J1TRX4a ITTRX4a
.34 1.13 em 12.95 12.19 7.0
.67 2.27 9.4 25.99 “.2n 95.39
1.01 3.40 14.13 38.83 88. 30 142.73
1.3% 4.53 18. 83 51.73 8. 21 189. 4
1.68 5. 06 23.53 64. 668 110. 04 238.72
.02 6.80 28.23 T7.58 131.78 283. 38
2.38 7.93 33.92 90. 48 153. 44 329.81
2.69 9.08 1.0 103. 33 115.08 376.03
3.03 10.19 42. 30 116.19 , 196. 49 423.03
3.% 11.32 46.99 129. 08 217.89 407.82
3.7 12. 45 51. 67 141. 90 23%.21 513. 40
| 4.03 13.58 58. 38 154. 74 260. 44 558.78
; ' 14.70 61.03 167.57 | 1281.60 603. 95
4N 15. 88 8. N 180. 38 3032. 87 648. 92
5.04 16. 96 70.38 183.19 323.67 693. 09
5.38 18.00 T8. 08 205.99 344.58 738.28
! 5N 19. 21 ™n 218. 78 985, 42 782. 64
8.08 20. 34 84.38 231.56 38¢.18 826. 83
6.8 31. 48 89. 04 4.0 408. 87 870. 83
6.73 22.59 93.70 257. 08 4317. 48 914. 65
7.08 23N 98. 33 289. 83 “s.02 958. 28
7.3 24. 84 103.01 283. 38 488. 48 1001. 73
7.73 25. 96 107. 88 295. 20 488. 88 1045. 00
8. 08 17 08 112. %0 308. 00 500. 19 1088. 09
8.40 28. 21 116.98 320.M 52944 1131.01
8.73 29.313 121. 59 333. 4 $49. 62 1173. 78




2 December 1988

TABLE ¢ (Continued)

Regulation
Percent

‘VRxmtr) _

.|
-3

.

PULLLULBULLWNN
QU IDNDLN~-DO®

T 11TX4c

SECONDARY LOAD CURRENT - MILLI-AMPS (1)

15TRX4a-

18TRX4a | 233TRX4a | 3ITRX4a | STTRXda

9.07 3045 | 126.23 | 34610 | 56073 |1218.32
9.40 31.57 | 13086 | 358.78 | Se0.77 | 1258.7M
9.74 3260 | 13550 | 37145 | 600,74 | 130008
10.07 33.81 | 14013 | 38410 | 620084 | 1343.0¢

L 0a 34.93 | 14476 | 39675 | e40.48 | 1384.04
L 10,74 3605 | 149.38 | 40030 | 660.35 | 1426.60
Lo 37717 | 154.00 | 42202 | 688,95 | 1468.28
| na 30,20 | 158.62 | 43484 | 708.50 | 1500.T1
174 .41 | 16324 | esm28 | 72817 | 1550.98

| 12.08 4052 | 167.85 | ase.8s | 77.68 | 159209
P 12,4 a.64 | M2 | a2ie | 76712 | 166308
| 12,75 4276 | 177.08 | 485.02 | 786.51 | 1673.87
| 13.08 43.87 181. 68 497.59 805. 83 1714. 54
| 13« o | 1ss38 | si01s | esos | 17550






