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TELEPHONE ARBOVALE 486-2011 pace Slor 20
oare _Nov. 1968
PROJECT: 300 FT. DIA HOMOLOGY RADIO TELESCOPE
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5.0 APPENDIX I
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PREPARED BY O. R. Heine APPROVED 8Y SUBMITTED BY S.D.L.

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar. Rapro AstronoMmy OBSERVATORY

Post Orrice Box 2 REPORT uo.M—a—‘—'?—
GreeN Banx, WEST VIRGINIA 24944 contracT no. RAP-TT9
TELEPHONE ARBOVALE 458-2011 PAGE 5-_'10'__‘2__‘0__

DATE __O_MS

PROJECT: DOO FT —HOMOLOAY RADIO TELESCOPE

SUBJECT: FPOsS\TIOAD REFERENCE PLATFOR M
APPENDIX T

CALCULATIONS

A. INERTIA

= —IMUOTH AXIS ¢

a- POLYAQON , QUARTZ AND ALUMINUM
I = 2600 o0z-1Nn2

b - f‘:HAFT, ALLMINUM N N oLLOW

I = 2700 0Z-~1N0%

C - BEARING IMNER RACES; STAIVLESS
1=z 700 oz-1%* (FoRr -rwo)

d - TrRANSDULUCER ROTOR
I = 1BO o0z2 - I1v2

€ - SERVO MOTOR ROToOoR

1 = 230 ozZ-1nt FoOR T-SI3S
I =+ 380 o2 -0t FOR T-5730
I = 1720 ©Z-INY FOR T-7203%

2- ELEVATION AXS:

a — SHAFT, STEEL, HOLLOW
I 3680 062-IN0%

b - POLYycaown AND SLPPORT, QuaRTZ
ANDO ALUMINUM
T = 3300 o0zZ -1t

PREPARED BY "‘ A. MOQADK\W S [ Dn L ’

APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NatioNnaL Rapio AstroNomy OBSERVATORY

Post Orricz Box 2 REPORT uo.m&:lz'
GREEN BANK, West VIRGINIA 24944 CONTRACT NO. _&&E:_ q
“TELEPHONE ARBOVALE 456-2011 PAGE Sio’ z-o
DATE o<T- E Z

PROJECT: 300 P, DIA~ HOMOLOGY- RADIO0 =LESCOPE

SUBJECT: BngiTIoN REFERENCE PLATFORM APPENDIX - T~

C- TRANSDUCER AND CoULPLING
I~ \200 02Z2-10%

d- TRANSDULUCER SUPPORT B RACKETS,AL
I = 2200 o0z-1Nn%

€ -~ BEARING AND MOTOR BRACKET
I = V750 02Z-102

4* - INSOLATION , RovsiINg PoLyYy £ ouE
WINDOWS

I = So00cDo O02Z-INnT

FoRk Y2 ™ Thuick  PoLY URETHANE
IN SULA TION .

TOTAL ELEVATION AXIS \NSRTIA
I0oce oz-1nt

(8000 x 1.L3x10" > = 0.23 L®-FT-sSec?

THIS S WOLORST CASE INERT\A FoOowR
SERVO <ALCULATIONS,

PREPARED BY J\M APPROVED BY SUBMITTED BY S.D.L.

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nationar Rabio AstroNomy OBSERVATORY

Post Orrics Box 2 REPORT uo.i.l.ﬂi
GreeEN BAnk, WisT VIRGINIA 24944 CONTRACT NO. K_Nﬂﬁ
TELEPHONE ARBOVALE 456-2011 PAGE _\—o’ 2 o

DATE \wofle[¢3

PROJECT: 300 FT. DIA. — HOMOLOGY — RADIO TE(ESCOPE

SUBJECT: POg|TION REFERENCE PLATFORM APPENDIX - T~

> PLAT FORM INSLULATION
HeAaT PLSSNPATION

\ CLB\C INCH OF POLYORETHENE DISS)PATES
0.02 WATTS FOoOR A AT OF I3H0°F

wHeEeRE WORST CASE OUTS\QRE TEMPERATURE

'S D° TO 120°F AND THE PLATFORM
IS wWePT AT \30 °F.

2400 (Mo*

| = I INCR INSULATION THICIK NESS S UsSE€D.
Y2 INCH  INSULATION wiLtL Galve A6 WATTS.
UNDSR THI'S COMD\T\QM, THE AVERAAE
DISS'\PATION FoR AN AVERAGQE OF ¢p°of
wWiLL & e 22 WATTS,

X 0,02 WATTS = 48 WATTS

C- PLAT FORM WE(GRKT

- AZIMUTH AXIS ¢
a~- PolLrYaonN - S .es
b- SnwArT

10.8 LBS
C- BeARINGS L8 Les (rFor "rwo)
d- TRANSDUCER 2o LBSs
e - SERVO MOTOR
T~ s730 (7.3Les)

T-7203% (3.3Lms)
T- 5138 (64 LBS)

WORST CADSE AZIMUTRH WE\GWT GO LRSS

PREPARED BY 3‘ M' APPROVED 8Y

SUBMITTED BY S D. L.

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NarronaL Rapro AstroNomy OBSERVATORY
Post Orric Box 2 REPORT uo.H 14-1

GreeN Bank, WesT VIRGINIA 24944 c °""5A°§ Vo gz;;".jq
TELEPHONE ARBOVALE 458-201) pace 205 or
<T \4 '68

OATE

PROJECT: 300 ET. DIA.— HIMOLOGY- RADIO TELESCOPE

SUBJECT: DogITION REFERENCE PLATFORM APPEND|X ~ T~
2—- ELEVATION AXY S
a- SHAFT - - - - 37 LGS
b- TRANSDUCER SUPPORT
BRACKETS D
C~- TRANDODUIER B ASE a
PLATESDS
d - BEARING AVD MOTOR \o W
BRACKET
€ = TRERMAL INSULATION,
HOUSING, WINDOW DS 7
£f - BearINGgS v u
9 - MOTOR {8 »

TOTAL ELEVATION AXIS WE\GRT €9 LaS

TOTAL WEIGHT THE ELEVATION AXS
SERVO Oe\WE HAS To PosiTion (1S
EO0 LBS FOR AZIMuUuTH PLUS 69 WGBS
FOR EBLESEVATION.

use \40 LS 1IN CALCULATIONS POR
TOTAL WE\GWT,

D- EFRI\CTION TORQUE

ASDUMING TORAQVE ARM LENCTWH AT
REARINAS OF 3% AND \ 9, OF "THWE
WEIWCHT FOR F\CTI\ON)

‘AL LRSS x 1% = A LRSS = 23 02
L, 23 02 ¥ A Y = 6 0Z - 1IN
AZ. 0.6 LRS = Q.5 o2

= 30 OZ - IN

S.D.L.

PREPARED BY 3‘ M' APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Naronar. Rapro Astronomy OBSERVATORY 7

Posr Orrice Box 2 REPORT NO.
GREEN BAN!, WesT VIRGINIA 24944 CONTRACT NO. _&A_P:lq
TELEPHONE ARBOVALE 456.2011 pace 2 90 20
oare QT 19'6%8
PROJECT: 300 FT. DIA. — HOMOLOGY- RADI0 ELESCOPE
JBJECT: POSITION REFERENCE PLATFORM APEENDIX - T =

FOR SERVO CALCULATIONS UsSE A0 oz- N
VS, 64 02-N) | 40 02Z-~IN T O.74 LB-FT

E - SERVO ANALYDIS

- USE S«=RVvO MOTOR T~ 3730 AS DO\RecT
orive (N=1) WITH TACHOMETER

COMPENSATION, . |
D (MSTURBANCE)

Ke
(AMPUAED ERRR “PUT Posm ON
B ~— » L ) i )
Qs R Gue) p--
e

(NWTWT‘M)!(E ROR ¥1)° (RRROR ¥2) 2 :

|

| l

| |

| Ka|7 7 =7~

' |

! |

: |

e — — — — - ‘/N___-..__.___._....J

MOTOR FPLLS LOAD TRANSFER BUNCTION |
\
3, /Ks

[ Rt O g

Kps BACK EMF FOR T-5730 = 0.72 V/RAD/sec
JT = TOTAL MOTOR PLUS LOAD INERTIA
= 0.24 L® FT- sec?

€L

S.D.L.

PREPARED bY -J' H' APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NarionaL Rapro AstroNomy OBSERVATORY

Post OrricE Box 2 REPORT uo.ﬂ-‘z—
GReEN BANK, WEsT VIRGINIA 24944 CONTRACT NO. RAP-T
TELEPHONE ARBOVALE 456.2011 PAGE E,z_or 2-0

DATE oceT 14 ‘68

PROJECT: 200 FT. DIA. — HOMOLOGY- RADIO TELESCOPE
SUBJECT: DpoglToN REFERENCE PLATFORM APPENDIX - T~

KT = TORQUE SENS\TI\VITY = O.S3ILBRT/AMP

RT = MOTOR ToOoTAL ROTOR
LOOP RES'\STANCE |, WS OHMS FoR THRE
ROTOR, PLLS 0.\ OMWMS FoOR TWE
00 A SERVEO AMPLIFIER DLUTPUT
IMPEDANCE, = W6 onmms,

LM 2 MOTOR INBUCTANCE =2 0.00S W

V72

(MGT%%JC?UA;JSFER) [ (3{2435)](‘* =225 ")
3

I 4

5(\-(- O\s (\ + . oo‘s\s)
CTu)® CTe)*
TO FPIND OPEAN LOOPRP S AN R@&\)\ﬂtMe“NTJ

FRV\CTION TORQUE = 074 ud FT

VOLTAGE S\anALwL AT MOTOR TERMINALS
TO O©OVERCOME Twv WS

1

Vi = 19.8x 074 _ 2|\ VOLTS
7
WHERE THe RATING OF TWHE T-S730
MOTOR \'S LsED wWE. T PRODUCE S

7 LB~ FT OF TorRQLVWE FOR \A, 8 VvV
EXCVTATION.

THE TRANSOUVCER DA AL IS AMPLIFIED
NEAR Tue TRANSDUcer (ELEVATION)
ToOo a\we T \1ov DL FOR LT B30 ARC se¢
RANGE

e = _5% x 60x 60 x 57,5 = é80o0co V/RAD

¥ Tam = MECHANIC. TIME CONSTANT  Tg = ELECTRICAL TIME CoNSTANT

PREPARED BY J. ™. APPROVED BY SUBMITTED BY S.D.L.

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NationaL Rabio AstronomMy OBSERVATORY
Posr Orrice Box 2
GREEN Bank, WEsT VIRGINIA 24944

TELEPHONE ARBOVALE 456-2011

REPORT uo.i:rﬁi_
CONTRACT NO. M

PAGE S’—'g-()l‘

20
oare QT 1a'c8

PROJECT: 300 FT. DIA.— HOMOLOGY- RADIO T=LESCOPE

SUBJECT: PpgITION REFERENCE PLATFORM APPENDIX - T-

TOTAL G AIN NEEDED For T |\ ARC S€C

HYSTERESIS 1S 4
¥l ARC S5ec = 2.\V
2.1V X6COXx 60 »S7.S = A35 000V /[RAp
THUS, Ke x WA = 435 0060
< = A3s oD
A S RYYS 6.4 VOLTS/VD\_T
THE COMBINED MOTOR | TACH, TRANSFER
FUNCTION |S s
R . G WHERE W \'S TACH TRAN.
c | + GH

FOR FuUNCTI\ON WKgS . TO FIND THyE

VALUE OF Wg FOR STABLE IWWNER LOOP
ASSUME W, AS Y2 OF THE MOTOR
TRANSFER PUNCTION ELECTRICAL TIMe
CONSTANT AS A RULES OF THUMR.

We = 330 RAD C’Ye_z o\oo’sx)
K 6\
W,= 100 = 'S'ATZ'"C"!} _ 4x Ra = 8,8K
T = 072 % 1.0}
Ka = 222 = w3 vV /RAab [sec
THLS, TACH TRANSFER FOUNCTION Gt=113S
B, Ka Gmnm
ez |+ Ka Gn G,
LA X 6.4
= S(V+lois)(\+,0035)
\ + W1.395 x W4 % ¢, 4
sCv=vvavs) (v + 00 3 5)
PREPARED BY -j . H . APPROVED 8Y SUBMITTED BY 6'Dt L \

OPERATED BY ASSOCIATED UNIVERSITIES, INC.,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nartionar Rapio AstroNomy OBSERVATORY

Posr Orrice Box 2 REPORT no.._"i:,i—_-.,_
GreeEN Banx, WrsT VIRGINIA 24944 CONTRACT NO. &.P_‘lq

TELEPHONE ARBOVALE 456-2011 PAGE

oF
1
DATE ocT 14 68

PROJECT: 300 FT. DIA. —HOMOLOGY~ RADIO THLESCOPE
SUBJECT: DPgsITioN REFERENCE PLATFORM APPENDIX -~

8,95
=(lo2 + l.oi3s + .00357-)

!

8. _ 0.088
€2 5(\+.0\s)(\+.0°3$)

TRANSFER FUNCTION OF THE POS\TION
ofPEN LooP \S THE ABRBOVE FUNCTION

TIMES Keg. Q\WING A aAIN OF 6000
o Ry 20 % Lo&a 6000 = 75,.40Db

A BDODE PLOT 'S DRAWN USING
754 Db AND CORNER FReQUENCIES OF
\o0 RAP /see  AND B30 RAD /sec

COMPENSATION TETCHAN\NRUES ON TwWS

PLoT
WILL BE DISCUSSED LATER,
\R THE TACH OMETER FRee0 P ACK S
INCREASED TO IMPROVE STARILITY
SAY Kg = 77V O WwW,= 150 RAD.
TACH LOOP TRANSFER TUuUNCTION
BscomMes
eq - O’ 06‘
€ s(\ +,0068s+.0000252-)
THAS EXPRESSION HAS 1MACINARY ROLTS

AND DDOEDS NOT HELP STA@I\LTY.

2- CALCULATIONS FEoOR T~T720d a\vE
THE FoLLoOoWwINNG RESULTS AND DATA:
K& 3 W22 v/rAap/[sec

JT = 02 LA-BRT -secc?
KT = \A0 LB-FT/Amep
Ryt = +98 OWMS

LM - \ODS H

PREPARED BY -J ) M > APPROVED 8Y

SUBMITTED BY s D.L.

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar Rapio AstroNomy OBSERVATORY

Post Orrics Box 2 REPORT uo.____H-,q-7
Green Banx, West VIRGINIA 24944 CONTRACT No. eAP=T19
TELEPHONE ARBOVALE 456-2011 PAGES!OW ZO

t
DATE ocY 13 68

PROJECT: 300 FT. DIA.— HOMOLOGY~ RADIO0 TELESCOPE
SUBJECT: Dpg|TION REFERENCE PLATFORM APPENDIX-T~

CALCULATED Ka = 2,7 V/v
Ko 4.0 V/eap|sec

6o _ 0.22S
@y s(1 + .ooess)(\ +.016Ss)

OPEN) LOOP AN 3. 6 PO
CoORNER. FREQ LVENC\S S €\ AND \S4

A S00E PLOT OF TH\'S FUuUNCcTION
\S AL O PREPARED,

D - CALCULATIONS ROR T-5)13S AG\VE Tae
FoLLODWING

Kg = W3 Vv/RAD /sec

JT = 02§ LB-FT- Scct
KT = 094 LB-fT/AMP
RT = &7 onmMsS

L.m = 6020 W

CALCULULATED WA V6.2
Kgq 12.2 V/Rrao/sec

6o _ 0. 76
€2 s(\ ~ .0835)(\1-.0035)

OPEN LoOoP G AN A4.3 Dy

CORNER. Fre® UENCI\ES 120 AND 333
A DooOE PLOT o©f TwiIS FUNCTION
\S ALS O PReEPARED,

PREPARED BY U‘H , APPROVED BY SUBMITTED BY s\ D, L.

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NarionarL Rapio AstroNomy OBSERVATORY

Post Orrice Box 2 REPORTY uc.ﬂjﬂ:l_
GREEN BAN!, WEesT VIRGINIA 24944 CONTRACT NO. Mi‘\
TELEPHONE ARBOVALE 458-.2011 PAGE 5_'_‘_‘_0' 20

oare 0T 238
PROJECT: 300 FT. DIA. - HOMOLOGY- RADIO TELESCOPE

SUBJECT: PogITMoN REFERENCE PLATFORM

APPENDIX - I -
4~ USING T-s13S WATH N =100 e,
ADS A CESARED OoWwN  DR\VE \INSTEAD
OF DIRE€CT DR\VE,
Ka = L} \//QAD/SGQ
iT = 0.02S LB-FT- scc?
(RSPUCED ™y A FACTOR OF 10)
KT = .94 B FT/AMP

LM , 020 W
FRACTION = 0.3 LB-FT

¥

Ka CALCULATED AS 7

Kc\ " W 2.5
VH h h 253
Kg NOW BAS To BE 00X MoRe TO

G\VE THE SAME VOLTS /RAD =ens\TiviTy

99 - 0.6

= QG
€2 s\ +.0086s)( | +.0019) ®)

OPEN Loof G AIN =

= ©8& 000 x\100 x G(s)

CORNER FTREQUSNCIES IS AND {1000

PREPARED BY -J . N :

APPROVED BY SUBMITTED B©Y S : D' L M

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar. Rabro Astronomy OBSERVATORY
REPORYT NO. ﬂ.:l

Post Orrice Box 2
GreeN Banx, West VIRGINIA 24944 CONTRACT NO. RAPT
TELEPHONE ARBOVALE 458-2011 PAOES.\BO'JQ—-—
OCT 268

DATE

PROJECT: 200 FT. DIA. - HOMoLOGY- RADIO TELESCOPE
SUBJECT: POSITION REFERENCE PLATFORM APPENDIX - T~

F- COMPENSATIONN APPROACWNES

- LEAD — LACG NETWORK W\TW A TRANS,
FUNCTION OF
a . Q=+ 0.025)"
=) (\ + 0.165)?

1S TESTED oON TR Rvo0os fPLbT OF
T— S730 WHI\CR G\WES THE BEestT rFPerk-~-

FORMANCE,

THE PRASE ANALES AT S50,7S AND
100 RAD ARE RELPECTIVELY A S FoLLowsS:

. (N
/50 - Qi xr3t)
$Q 39+ i) (v + 38
= gas°® + L45° = —\ase

ZG0° + [26° + 8°+L§-z.°+£3o

35 - _— 19s5°
4!00: —— \a\éo

THULUS NO PRASE MARAQIN IS OBTAINED
EROM TH\S COMPENSATION NETWORNK,

2~ USse ~70 O2Z -\ FRRAC TIOANY WHLICW
RED VCES OPEN LOOP S AIN TO
éq‘S DB V$< ‘75\4

S.b.L.

PREPARED BY -J\ m‘ APPROVED 8Y SUBMITTED @Y

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NationaL Rabio Astronomy OBSERVATORY

Posr Orrice Box 2 REPORT uo._‘ij_q_-l_

Green Banx, Wisr Vinomua - 24544 contract no, —RAP=T]

TELEPHONE ARBOVALE 456-2011 PAGE 5._‘3_0, Q

OATE OcT 26'6&8

PROJECT: 290 FT. DIA.= HOMOLO&Y- RADID TELESCOPE
SUBJECT: P(Og|TION REFERENCE PLATFORM APPENDIX - I~

Bobs PLOT FoR COMPENSATION -
G\WES THE VALUES FOR THE NETW oK
TRANSTER FTUNCTION |

2
4 + oz2s )z

THE PRASE ANGCLE AT ODb CROSSING
( 65 RAD/sE€C) \S¢ —179°% WHICH S
KRU\'TE AN \MPROVE M ST

Ry - COMPENSATION NDO. 3 UsES S
0Z - 1IN OF FRICcTIONAL TORAQUVE, &\WVING
3.2 Db, THE CoMPENSATION NETWORK
TRANSFER FTUNCTION N ow (S

Ce = ( + 0.04g)?
(@ +.29)*

THE cDb cRoss\NaC 'S AT So fLAO/Sa‘.
TH\S GIWES A PRASE ANALE OF

—\6A4A° WH\CHY \'S SAT\S FACT ORY,

18]

CORNC LU SDSI\ONS

= WEIGCHT, INERTIA AND FR\I\CTION OF
ELSVATION A%XIS S CRR\TICAL.,
140 L® TOTAL WEIEHNT, 35 ©0Z-IN TORAVS

0.23 LB-FT -9€C? INERTIA CAN GF
TOLERATED,

2- | ARC SEC DEAD BAND S POsSS\8LE
2. TACHOMETeER COMPENSATION \sS NEEDED

A~ T=-5730 'S THE BEST S&rRvVO MoTOoR
cryowCe

PREPARED @Y j\ M‘

APPROVED BY SUBMITTED BY S.D.L,

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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NaTtionar Rabio AstroNomy OBSERVATORY
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I. ADDENDUM TO APPENDIX I.

EXPLANATION OF APPLIED SERVO DESIGN METHOD

This step to step explanation of the applied servo design
method contained herein was prepared for the benefit of
h those reviewers of this concept study who are not tho-
i roug’ ly familiar with this type of engineering discipline,

The analysis contained in section 5.0 demonstrates that
attainments of both servo stability and desired frequency
response is possib.e with the envisioned system through
careful matchinyg ¢i suitable serwo components and through
shaping of the transfer function by application of lead-
lag networks.

J. Muradliyan S.D.L.

PREPARED BY APPROVED BY SUBMITTED B8Y

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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A - TYPES OF SERVO SYSTEMS

Open Loop Control System

Reference Controlled
Input — G 8 Variable
"R" "C"

Feedback Control System

R - G —-C
i E%ror

where ExG=C

Feedback Control System with Feedback Element

R G ———ey—C
- H
where C =G(R-HC)
cC__G
R~ 1+GH

For a tachometer feedback element H = KGS. For a gear reduction
feedback element H = 1/N where "N** is the reduction ratio.
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B - DC SERVO MOTOR TRANSFER FUNCTION

R R
SPE AT
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= Back-electromotive force (volts/rad/sec)

= Torque sensitivity (lb-ft/amp)

= Angular velocity do/dt (rad/sec)

= Armature resistance (chms)

= Armature inductance (h)

= Motor torque (lb-ft)

= Shaft angle (rad)

= Total moment of inertia referred to the armature (lb—ft-secz)
= Source resistance (ohms)

= Control voltage

= Armature current (amps)

= Rs + RM’ total loop resistance (ohms)
= Mechanical time constant (sec)

= Electrical time constant (sec)

where JL is the load moment of inertia in lb-ft-secz, J A is the
motor armature, hub and gear inertia on the motor shaft and
"N is the gear reduction ratioc between the motor shaft and the

load,



a2

T =J 90
M T dt2

a de

= al 9
E; =IRy+R)=Lyz *Kg

THE LAPLACE TRANSFORMS:

E = (RM + RS)I + LMIS + KBOOS
K J1=J_9 8
’I’I T o
COMBINING THE LAST TWO EXPRESSIONS:
A
0 KB

E, J
1 sl1+—ZL s(1+—LMs)

R

( KBKT) T
Ry
Ir
(= (K I MECHANICAL TIME CONSTANT
&t
Rp
Lyt
To= ELECTRICAL TIME CONSTANT
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C - DETERMINATION OF PHASE ANGLE AND MAGNITUDE

= Open loop transfer function

Page 4 of 11

G
G:/IT = Motor~tachometer transfer function
GLL = Lead-lag compensation network transfer function
Ko = Transducer plus preamplifier gain (volts/rad)
K A = Servo preamplifier gain
GM = Motor transfer function
GT = Tachometer transfer function
EXAMPLE:

G. = 1.4
M S(1+1,01S)(1 + .0038S)

Gy =11.38

G o Lt 0.028)2
LL 1 +0.168)°

. - 0,09 _ Ky X Gy G
MT " S(1+.0IS)(1 +.0038) ~ 1+K,xGyxGy ~I+GH

Ke = 68000 v/rad or 3v/arc sec

KA = 6, 4v/volt

G

Gg =Ko x Gy xGyp

6000 x (1 + ,025)°
$(1 +.01S)(L + . 003S)(L + . 165)°

GS=

This expression contains angle and magnitude. Themagnitude at S = 1

can be approximated as 6000 or 20 x log 6000 = 75,4 Db,
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Thus, the bode plot starts at 75.4 Db for one radian. The first term "S" in the
denominator causes the magnitude curve to proceed at -20Db/decade of frequency
increase, until it hits the frequency corresponding to the next time constant,

.16 sec in this case, For every term in the denominator of the GS expression,
the slope of the bode plot changes by -20Db, Thus as the plot beyond 6 rad/sec
[correspondlng to(1+. 168)2], the slope changes from -20Db/decade of
frequency to -60Db/decade. The next time constant is .02. This being in the
numerator of Gs and a square term, the slope changes from -60Db to -20Db,

or for every (1 + TS) term in the numerator the slope changes by +20Db/decade.

wm| =

75.4Db

1
S(1 +.168)2
2
o (1+,0.8)
0 DbJ[—— — 8(l +.1¢8)
>N~
1 rai/sec 80 'vad/sec~

Figure No. 1
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From the expression for closed loop transfer function:

cC __G
R “T+GH

the expression C/R becomes « if the denominator of the transfer function

becomes zero, Or,

1=GH=0
GH=1
GH =1 /-180°

GH represents t* s open loop transfer function, Magnitude of ''1" represents

zero Db on the bode plot, -180° is the phase angle.

The angle has to be less than -180° for stable operation. The difference
between -180° and actual phase at 0 Db is called phase margin.

= - ° o
g ™ 180" -,

As a rule of thumb, a phase margin of 30° produces only one overshoot for a

step input (or a damping ratio § of 0.5).

A phase margin of 6u” rep sents a damping ratio of 0.7 or a critically damped
system with no overshoot, Phase margins over 60° represent overdamped

systems without overshoot,

AV /—

§eo.5 §=0.7 §-1

Responses for step input with various values of 5.

Figure No, 2
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Calculations for phase angle are performed after the bode plot has been completed
and the zero Db crossing has been determined. Thus, if the above bode plot

crosses the 0 Db at 75 rad/sec, the phase angle in this area is needed.

jw is substituted for S (inverse transform) since the phase angle is of interest,

the constant part of Gs is left out,

2

_ _ (1 +i.02w)
/Gg = angle of Gg ) ) —3
S(L+7 .0Ly(L+.003w)(l +; 16n)

Svbsdtuting w= 50 rad/sec

- (1-l-j1)2 _ 45° + 45° = -198°
= °© 0 ° 3 o — =
/L éso j50(1+j0.5)(1+j.15)(1+j8)2 90° + 26° + 8° + 822 + 82

Every j term represents an angle, Thus,
a+an) = L)1 cas
1

(1 +J1)2 = 2 x 45°

j50 = 90°

Angles in the numerator are positive angles, Angles in the denominator are

negative angles.

From the above expression for GS’ the entire excursion of the phase angle can be
determined. Thus for very small values of w, fGS = -90°, For very large values

this becomes -270°.
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An alternate method of determining phase angle is to plot on the bode plot the

phase angle of each individual (1 + TS) function,

Thus for (1 + TIS) the phase angle is:

90°
45°
00
1
S=—
T
1 .
For (l-l-—T_lS) the phase angle is:
00
-45°
-90°
L 1
S=T1-

After all angle plots are drawn, their magnitudes can be added to find éﬁ'
The mathematical approach on the preceding page and the graphic approach on

this page are identical.

Figure No, 3 shows this procedure. On the upper half of the semi-log paper the
phase angle of each expression is drawn. Note that the phase angle of 1/S is a
constant 90°, The phase angle of each expression is 45° when TS = 1 for that
expression or when S = 1/T, It also can be observed from Figure No. 3 that

phase angle of an expression squared is equal to twice the phase angle of that

ie., /1+.028° =2x /1+.025

If the expression is in the numerator, the phase angle increases from zero

expression,

towards +90°, If the expression is in the denominator, the angle increases

from zero towards -90°,
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D - CLOSED LOOP TRANSFER FUNCTION

The magnitude of a closed loop system is unity up to its natural frequency, or

within its band width,

Open Loop

Closed Loop

0D

70 rad/sec

Figure No, 4

Beyond the natural frequency the magnitude will decrease as shown.

The phase angle of the closed loop will start at 0 degrees. By the time the
frequency increases to the value of natural frequency, it will be -180°, For
frequencies beyond this it will become asymptotic to -270°. In practice the
above band width plot reflects also closed loop system damping ratio as shown

below:

0 Db

Figure No. 5
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E - TYPICAL LEAD-LAG COMPENSATION NETWORKS

Figure No, 6

The diagram above represents an operational amplifier used as an active lead-
lag network. CO and RO are the feedback components, C1 and R1 are the input

components. X1 is the input and XO the output signal. The transfer function is:

X, Ry |L+RC =_K(1+T1 )
X R, |T+R,CS (T +T,5)

The parameters can be selected to give unity gain at steady state. The negative
sign indicates polarity inversion. Non-inverting operational amplifiers or

operational amplifiers with inverting and non-inverting inputs are also available,

R
R
o ‘ O
X, o A,R X,
Cy
Figure No, 7
2

X, 1+@,-89RCS  (+T8)
1 1+,78,Y)RCS (1 +Ty8)



