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APPENDIX A

ASSEMBLY DRAWINGS

A complete set of detall drawings were made of the "Five Year
Tape Transport' and are available from NASA-GSFC. A list of these
drawings by IITRI number is given in Table A-1.
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TABLE A-1

DRAWING LIST FOR FIVE-YEAR TAPE TRANSPORT

DRAWING

NUMBER -~ PART NAME

C-0100 Drive Capstan
B-0101 Spring Cap

- B-0102 Tach. Bushing
B-0103 Capstan Roller
B~0104 Drive Capstan Shaft
A-0105 Capstan Motor
A-0106 Motor Ring

-‘A-0107 Retaining Key
A-0108 Bearing/Roller Spacer
A-0109 Capstan Spring Washer
C-0110 Upper Housing
c-0111 Lower Housing
A-0112 Idler Bearing
A-0113 Spring

C-0125 Adj. Idler

A-0126 Thrust Washer
A-0127 Diff. Screw

B-0128 Idler Housing
B-0129 Crown Roller
B-0130 Thrust Cap

B-0131 Tdler Shaft

C-0150 Reel Assembly
D-0151 Reel Base

B-0152 Reel Shaft

C-0153 Reel Hub

C-0154 Bearing. Housing
A-0155 Reel Motor

ItT RESEARCH

A-2

TOTAL
_QUANTITY

N I = T e e R R e e N = i e = = et

INSTITUTE

DESCRIPTION &

SPECIFICATION

Purchased Part

Purchased Part

Purchased Part

Purchased Part



TABLE A-1 (continued)

Deck Support Foot

DRAWING
NUMBER PART NAME

. B-0156 Motor Ret. Ring
B-0157 Bearing Spacer
-C-0158 Reel Flange
B-015¢9 Brg. Ret. Ring
.B-0160 Bearing Cap
B-0161 .Spring Cap
A-0162 Reel Bearing
A-0163 V-Ring Seal
‘D-0164 Mounting Deck
B-0165
B-0166 Deck Cover
D-0167 Deck Layout
D-1000

Assembly Model -
5-Year Transport

I'T RESEARCH

A-3

TOTAL DESCRIPTION &
QUANTITY SPECIFICATION
1
1
2
1
1
1
2 Purchased Part
2
1
4
1
INSTITUTE
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APPENDIX B

TAPE GUIDANCE ANALYSIS

Double Coned Roller
Consider a piece of tape (Figure B~1l) contacting a double

coned roller with its free end displaced by an amount S. The
line of contact between the tape and the coned roller is assumed
straight to simplify the analysis. “

The tape is analyzed as two individual pleces of tape,
. d1v1ded by the roller center and contactlng each half of the
double coned roller at angles.ml and Py where:!

P

L YHB -y, (1)

Py = Y -p + Yo| (2)

The angle vy is the angle the contact line normals(n; & n,) make
with the centerline of the roller. From Figure B-1 it can be
seen that,

tan v = 2 - %1 {3)

for any point on the contact line a distance y from the center
of the roller.

By the use of similar triangles,

X

sin Y= 1 = D -2y tana (4)
D- 2y tana 2L
2
therefore,

4L
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Figure B-1 TAPE CONTACT WITH DOUBLE CONE ROLLER




gsimilarly,

X, _
sin ¥, = 57% - 2%2 (6)

and,

2
. _D (7
Xy T 7L '

Substitution of equations (5) and (7) into equation (3)

yields:
23 (D -2y tan o) 2

if a small angle approximation (tan a ~ a) is used and
-az terms neglected, equation (8) then becomes:

v = tan"l () (9

The angle @ is the angle between the centerline of the
roller and the centerline of the tape assuming that the tape
is undeformed when 1its free end is displaced. The angle £
may be determined from geometry as,

B = r.-an'l(S - 5’0) | (10)
T

The angle yo' is the slope of the tape at the roller with respect
to the undeformed tape centerline. In order to determine yo'

the tape is considered as a beam, fixed at %, and simply supported
at the roller. The loading of the beam at the roller results

from an unbalanced stress distribution in the tape, when the center
of the tape is displaced from the center of the roller. The un-
balanced stress distribution develops a restoring moment about

the tape centerline. The slope of the tape is computed from the

equation, ML
< (1D

B-3



In order to analyze the action of the tape at the roller,
the longitudinal stress distribution in the tape must first be
determined, Assuming the longitudinal stress (or strain) depends
only on roller geometry, the stress at any distance, y, from the
center of the roller is given by:

J{v = g f | ‘
() = o+ 9_(y) (12)
where:
G{y) = gtress at any distance from the center
of the roller
“n = stress at major diametex
cr(y) = stress due to roller geometry

The stress due to roller geometry may be determined from the
strain as expressed in the equation below.

. riy) 20 (y) - %’ &8 (y)w ’
r'T:uz"(y) = ) E o= . E€13)
2 40 {y) i

The roller radius for a double cone roller as a function of the
distance from roller center r{v¥} is given below. The small angle
approximation of tan2 ~ 0 is made in deriving this equation,

r{y) ==% - ya {double cone) {143
Substituting equation (14) into (13) and meglecting changes
in the wrap angle 40 (y) for changes in y, equation {12) becomes,

. " 2y E
T(y) = Um - “]Y).@__ (15)

Refering to Figure B-2, the resultant force developed at the
roller, which must equal the tape temsion {T) for equilibrium,

B-4
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FIGURE B-2 RESULTANT FORCES AND MOMENTS
IN TAPE PASSING OVER A DOUBLE
CONED ROLLER
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may be determined by integration of the stress distribution
between the limits {a,b) of tape contact.

b b -
T = f o(y) t dy =/ (c&'mn X%E ) t dy (L6)
a a

Since the stress at the major diameter (Gmp and the limits of
contact (a and b) are unknown, an iterative procedure must be
used. Hence, the stress distribution integrated between the
limits of tape contact equals the tape tension (equation 16).
Furthermore the stress at the limits of contact is equal to zero,
provided the contact width is less than the tape width, that is:

(17)

(18)

i

v(a)
o (b)

0if a yy, -

ol o=

0 if b (y0+

The stress distribution at the roller is resolved into a
moment about the center of the tape and a tangential force
acting in the direction of the line contact. Thus,

b
Mc=/ (v, = ¥) o {y) t dy - (19)
a
o .
vy = Jff g{y) sin ¥, t dy (20)
A .
b .
v, = j// o{y) sin Py dy - (21)
a

The tape moves as a result of the unbalanced tangential
forces on either side of roller center. The direction of
movement is in the direction of largest tangential force.

A non-slip condition is assumed to exist on the side having
the greatest tangential force. The side with the least force



is assumed to slide without resistance. As the tape is ad-
vanced by dx, it is screwed over an amount &yo at the helix
angle @ on the side with the largest shear force where,

by, = dx sin 3 (22)

With the tape disP1aced'by an amount &yo from its previous
position, the moment about the center of the tape and the tan-
gential force components are again calculated, If the tangential
forces are not balanced on either side of the roller, the Eape

is again screwed over &yo as defined by equation {22).

For a constant displacement of the free end, S, the pro-
cedure is repeated until equilibrium is reached.

The free end of tape may also be given a harmonic disturbance

defined by:
27X
S = Ai sin A (23)
where:
A; = peak amplitude of the disturbance, in.
A = wavelength of the disturbance, in.
x = amount of tape advanced, in.

Since equilibrium cannot be obtained with a sinusocidal input
disturbance, attenuation of the input amplitude Ai to the peak
output amplitude Ao is computed as follows: |

A
Attenuation = (1 = K%) 100 (24)
, i



Spherically Crowned Roller

The longitudinal stress distribution for a spherically
crowned roller can also be expressed by equations 12 and 13.

The expression for the radius of a spherical roller at

any distance y is,

r(y) :-21-! -p [1 - 1/1 - (y/p)z] {spherical) (25)

Substituting into equation (13) and neglecting changes in wrap
angle 40 (y) yields,

9y) = ° --E%E [1 - V 1- (Y/P)Z} (26)

which is the expression for the stress distribution over a

spherically crowned roller.

The analysis of a spherical roller is similar to that for
the double cbne,except that the contact line can no longer be
approximated by a straight line. The angle~ , which is the
angle the contact line normally makes with the centerline of
the roller, is no longer constant on either side of the roller.

Referring to Figure B-3, the angle -y can, however, be

. defined as:

Xn = X
tan ¥ = _g._?—_—l ‘ (27)

at any distance y from the center of the roller. Also, by

similar triangles, 9
X1 % - % )
sin 1;'!1 = e = _TL - - (28)
D-y
2 2p
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Figure B-3
SPHERICALLY CROWNED ROLLER



and,

2 2
D
(__ -
X, = 2 I%E ) {29)
1 jP—
gimilarly,
X % (30)
. -2 _2
sin Wz = = T
>
and
2
D
Xy = 7T : (31)

Substitution of equation (29) and (31) into equation (27) yields:

: 3
¥ = tan™1 [ §%~ C%g - %B) ] (32)
Instead of two pieces of tape divided at the roller center, the
tape contacting a spherical roller is divided into numerous pileces
of width dy. The moment about the center of the tape and the
tangential force components are calculated as before except the
angley 1is now a function of position on the roller in the ex-

pressions for ¢ 1 and P g

The tape is assumed to move laterally in the direction of
largest tangential force as before, although the helix angle g
used in equation 22 is defined as the average ¢ angle on the
side with the largest tangential force, i.e.,

N
1
=N Z Pi ,. {33)

i=1
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Guidance Program

The preceding tape guidance analysis is programmed in the
Fortran IV language. The input data specifications are given
in Table B-1. A logic flow diagram for the program is shown
in Figure B-4, A print of the program,the input data list, and
" a typical output listing are given in Figures B-5, B-6 and B-7,
respectively.
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Z1-4

Card Vériable
Number Name

1 D
T
W
R

DALPHA

EC

LENGTH
DX
DY

NPRT

Table B-1
INPUT DATA SPECIFICATION

Field

Description Width Format Units
Major diameter 1-10 F 10.0 in,
Tension 11-20 " oz.
Tape width 21-30 " in,
Crown Radius{R=0,0 for double coned) 31-40 " in.
Cone angle(DALPHA=0.0 for spherical) 41-50 " deg.
Oxide thickness 1-20 F 10.0 in.
Mylar thickness 11-20 " in.
Oxide elastic modulus 21-30 " psi,
Mylar elastic modulus 31-40 " psi.
Offset or amplitude for harmonic
disturbance 1-20 F 10.0 in.
Wavelength of harmonic disturbance
(LAM = 0.0 for constant offset) 11=-20 " in,
Tape lead-in length 21=-30 " in,
Step size in length direction 31-40 " in.
Step size in width direction 41-50 " in.
Tape length passed over roller 51-60 " in,
Print interval 61-70 I10 -




£1-4

READ

D,T,W,R,G,t,

——.——-bENTRY " tor Er B

L, d_, 4, %

WRITE HEADING
b, T, W, R, u, t

Ai’ Ay

max

tm, Ec"
L, dx, d_, %

¥*® “max

i

3

Em! hi’ k Ll

WRITE

% S, ¥ V
M,W.,0o

c? ¢ m

g = Ais in

2nx

A
ATT = (1 - K-‘_’-)-wo
1

CALIC
E, I. B

CALC

M.,

A

v

SUBROUTINE

CALC
¥, o(y), Y(¥)

wc’ Cm

W

CALC
Yoo B

. dYg =

.a

=1

Figure B-4

FLOW CHART FOR GUIDANCE PROGRAM
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Figure B-5
Tape Guidance Program
' Page 1 of 3
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2 ilGanH (1N aTPoe6d (ING) s T40s6H (LBS )9T5359H (LBS=INJ+T70s
T OAH (1N, vTB5e6 (PSLY /) ' .
T— /lh-

ALPHAmﬂdlpHA/57 29b

THK=T#+TL

FEx{(FmeTM+EC#[C) /Trin

TsWesIHTHI /12

HFl=da 14159

Al=Nau

A= N

JFiuavaltatttatb=4) Al=s

RETA=ATZ7LENGTH

XK= N . .

YOG 0

Y=g 0

NASNPRT

K=y

SIGMET/ (WHTHK)

Cail. SFHESS(U,Y9W9R ALPHASLFENGTHyE ¢ YO DYoTHK!Y!SIG!GAﬂyNQHC;SIGMl
S .

Vl"'n.(,'

Vziel

Flia=g,.n

PHIZ8=0.0

DG A0 Jd=l N

MC= MC+(Y0-Y{JJ)*Slbta)*nvvrmx

TFiY (D) 6Ta0a00 6O TO 21

FHI1=GAM{J) +3ETA=YOR

FrllasPHIlAa+PHI]

Iyl +4STGIJI#FH] I #DYRTHK

O TO 240 )

FHIZ2=6A=(U) =BETA+YOP

Brlea=PHIZza+PHIZ

Ve yReSTin{Jd)#PHI 28D Y [ HK

COnT Ty

FRT1TA=PHITA/N

Hrl2AzPHT AN

V=Ev]+V2

HF AR NE GRPRTY O TO 24

TF{LaMel Talat=a) GO TU 23

W ITE (Ge51) XealeYOsVaMCyWCeSIGM
FURMAT(F19e304F 15450F 15a30F15.1)

nx =0

TFIYDaGTLAQ) AU=YD

AlTT=(].=~AU/S)H®100,

IF(x.5F . XMaX) GO TD 25

GO TD 24

WHITE(64532) Xea YOy VeMCeWCSTIOM

FURMET (PFLS,.392F19450F15,34F15,1)

NX=0

PP W e

B-15 Page 2 of 3



113=
1las
116
l1ae
117
110
1] s
12us
121«
12p

123w
Teas:

) i
1 erir
147

1284

12w
TR
13] L]
1TAp#
133
l3aw
1354
13w

[«
X
3
O
)
tp 8
74
H i
e s
[
1]
1 7%
13
14%
1o
1/

17w

8%

19% .

2t

-
20w

?734?
Pus
250
’('«'f_‘h
2T
20
29w
30

3le

]
-

22

Figure B-5 Continued

IF(A.LT 10.E~4} VO=V
IF{ARS(V/VD) JLE.Ua0])
IF (K EQ.5) GO TO 22

IF (X GE.XMAX) GO TO 30
Xz=X+DX

NAX=NX+]1

K=K+]

CALRSRST (2L 0P TR/ AM)

IF(LAMGLT ol eE=4)
DYO=DX#*PHIL1A
[FL{aBS{V2) T oARS(V]) )
YO=YO+LYO
YOR={MCH#LENGTHI /(R #E®])
HETA=(AI=YO)} /LENGTH

GU T0 U

WRITE(by54)SeYY

AT=S

nYN==DXePHIZA

54 FORMAT(#0'95Xs0H FUR An FS 34284 OFFSETe THE TAPE REACHED AN

25

5h

o

100

1}
ing

104

106h

103

1 I8H EQUILIARIUM AT«F9,3,35H {IN]
G 1O 340

WRITE (6551 XeATT

FROM THE CENTER 0F THE ROLLER/)

FURMA L (T 45 X0k AFTERSFTa3e34M INCHES OF TAPE’THE ATTENUATION 15

1 sFé 298K PERCENT)

CONT INUE

i) TO 1

F D '

SUIROUT TNE qTHtsstu.T.w,n,AtPHA.L&NGTH E-YO.DY-THK.Y,SIGaGAMnN. -
1T wCaeSIGm)

REAL LENGTH

NIMENSLOMN Y{bUUIsSIG{HUO)1$AN(500)
TF{R, LT lusb=4) GO TO 101
C=(DWSTIGMY /(R*E)

A=l eSURT (CuCH# (/e el

G100 1h2

S (=D#G]GM) /(2 #EHALPHA)

PR Tl

TF (Aol TaYU=W/24) ASYD=W/Z2,
IF(R,GT.YUrei/2s) BEYD+tw/2

Wl oh=-4

azW{ /DY

Lz, 0n

O YA =l

Y {JIza+nNY /2, ¢ (J=1 ) #DY
IF{RALTLI0aF=4%) GO TO 104
SIGldY=5H IbM—d.*H”E/ﬁ*(l.-SQRTtl.-(Y(J)/RJ**EI)
GAM (JY={DRARS (Y (J)) )/ (2.%R¥LENGTH) .
GO 10 loé
SIG(J)=G16Me {2 wEHALPHARARS (Y (J) )} /D)
GAA(J) = #ALPHA/LENGTH

PzpeSIGEJ) #NYHTRHK

CONTITNUE

IF{ARS{T=P) LTa00 01%T) GO TO 111
SIGM=SIGMe (T«P) / (WCHTHK)

GO TO 100

CONT INUE

HE TURN

EnND

B=-16

Page 3 of 3



CROWNED GUIDE ROLLER TRANSIENT ANALYSIS

HARMONTC INPUT

DRt F CONED ROLLER

PaySTCAL PARAMATERS

TARPE TENSTON _ 10.00 0Z.
TAPE WINTH 1000 IN,
ROLLER DIAMETER ' 1500 IN,
CONE ANGLE 2eN0 DEG

TakrF FROPERTIES

OXTOE THICKNESS QU020 IN,
MY AR THICKNESS 0092 IN,
OLINE FLASTIC mODULUS 100000, PRSI
MY_AR ELASTIC MODULUS 650000, PS]
GUINANCE PARAMATERS
INeUT aMPLITUDE : L020 IN,
WAYVE LENGTH 4,000 IN
LFaD=IN LEMGTH 44280 IN,
STHP SIZE (LFNGTH) e 1010 TN
CS8TEP SIZE {(WINTH] ' . SO0 "IN,
MaXTMUM LENGTH 20,000 IN,
Figure B-6

Input Data to Tape Guidance Program
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81-4

TASF TRAVEL INFUT GuTPuT GHE AR MOMENT CONTACT WIOTH MAX .

AMPLT TUDF AMPL [ TUE : . STRESS
{(INg) 1) {14e) {LHS) (LES=IN) {IN,} _ {PSI)
+ 000 Lunnon LUN0NY L0026 » 20006 . 295 3789,.8
£200 LHUB1A L0130 00097 SUDOBT 0295 3789,8
«&N0 «N1i7n LNu2tl #0157 « 00175 « 295 3789.8
« 600 1615 00421 00199 + 00269 2295 ’ iras,a
«BO0 0160¢ L0577 L0217 00367 . « 295 3789,.8
1.00u 2U20090 o (i1735 « 00208 « 00466 . +295 3789.8
1.200 Jolang LO0BG] 00170 00563 + 295 3r89,8
1.400 : 0118 : L01039 +00106 « 00656 295 3789,.,8
1,600 «Ul1176 «01175 LO0021 00742 295 3789.8
1.800 « 00618 «01175 -.000861 s 0074 0295 3789,8
2,000 : OO0 00 «Ni04] -,0013] + 00657 « 295 3785,8
2.c00 -Juel8 « 10896 -, 00200 « 00567 « 295 3789.8
2.400 -, 01176 L0741 -, 007258 +00469 + 295 3rao.8
2.600 Cmelilels 0577 -. 00298 « 00367 "e295 -3789,8
2.800 - Glufie 00608 -, 00314 00261 295 3789,8
3,000 -.02000 00238 -.00303 » 00154 + 295 3789,8
3,200 - 01602 : L0070 —.N0264 200050 » 295 3789,8
3,400 ~o01R14 =, 00090 =, 00198 =, 10051 « 295 3789,8
3.600 ~-.01176 -, 00240 -~ 00111 =, 00144 2295 378%9,8
3.800 -, 00618 ' - 00375 -4+ 00009 =, 00229 ] « 295 3789,.8
4,000 -~ 00000 -, 0u372 : « 00082 -, 00227 2295 3789,8 .
44,200 <0618 T o= 01233 00151 - 00140 : 2295 ' 3789,8
19,000 =,02000 2000066 . =, 00277 . 200047 . « 295 ‘ 3789,8
19.7200 -1 302 - 00098 =, 0N23R -,00056 2295 _ 3789,.8
19,400 - UlBld = 00254 -, 00173 - 00154 T #4299 3789,8
19,600 =,Ull76 L = D040 0 -, 00087 =, 0245 . ef95 3789,.8
19,800 -, 106148 -, D537 ' «00U15 -, 00327 _ 0295 3789,.8
20,000 = 3O000 =-.00404 200087 =4 00247 a 295 3ras,.8
2lec00 +00618 : -, 00264 « 00156 =. 00160 , 295 3res,s

AFTER 20.200 TNCHES OF TAPESTHE ATTENUATION IS 4]1.24 PERCENT

Figure B-7

Output Data to Tape Guidance Program
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APPENDIX C

TAPE STRESSES OVER CROWNED ROLLERS :

Many magnetic tape recorders use crowned rollers to stabilize
and guide the tape during the record and to reproduce operating
modes., The resulting mechanical stresses introduced into the tape,
as a result of bending around these crowned rollers, is of interest
to the tape transport designer. Extremely high stresses can
severely damage the tape and degrade its useful life. Consequently,
an analytical computer program was developed which allows the
rapid and accurate calculation of mechanical stress within the
tape. This appendix presents a general discussion of the compu-
tational procedure used, the range of capability, the computer
program, and the input/output requirements.

Consider a typical tape roller element as shown in Figure
C-1. The tape is under tension and wrapped around a crowned
Yoller. Stresses are developed within the tape due to:

® tape tension
e bending in the axial tape direction
s bending in the lateral tape direction

Furthermore, the stress components can be computed separately
and combined using the principal of superposition.

Two points should be noted concerning the behavior of the
tape. First, the tape does not necessarily maintain contact
with the roller across the entire width of the tape. Since the
tape can support very little compressive force, the stresses in
the non-contacting portion are assumed to be zero.

Secondly, the axial strain distribution or profile is only
dependent upon the geometry of the roller. Since elastic be-
havior is assumed, the stress profile is also dependent upon



Roller
Diameter

o~ 'K Cone Angle
Contact |
?w1ath +

[ ]

Tape Width

-y

|/

Tension

A

Tape Thickness

Wrap Angle

,‘{"

Figure C-1 TAPE ROLLER SYSTEM
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the roller geometry. It should also be noted that the stress or
strain developed is not dependent upon the magnitude of the

wrap angle.

The computer program uses an iterative procedure to determine
the axial stress distribution across the contact width of the
tape. Thus, a stress distribution is assumed consistent with the
roller geometry. The tensile force resulting from the integration
of the stress distribution must then equal the total tape tension.
In this way, the contact width and stress magnitude are determined.

The program considers the tape as a bilayer elastic beam,
i.e., one layer is the base material (mylar) and the second layer
is the oxide coating. Hence the program accounts for the different
thicknesses and elasticities of these materials. In addition,
the Poisson effect due to lateral bending is included in the cal-
culation of the axial tensile stresses.

Four basic types of crowned rollers may be stress analyzed
with the program. These rollers, shown in Figure C-2, are defined
by specifying zero or positive values for the variables R
(spherical radius) and o (cone angle). In addition, the oxide
side of the tape may be defined to be against the roller (I =1)
or away from the roller (I = 0) by 3pecifyingﬂthe proper value
of the integer.

Program Input/Cutput

The:iinput data necessary for program execution is entered
on two'data?pards as shown in Table C-1. The variable names,

descriptions and formats are as shown.

A complete program listing is shown as Figure C-3. The pro-
gram is written in the Fortran IV language.

A typical output sheet showing the format is given in
Figure C-4, The physical parameters and tape properties entered
are listed for easy verification. The actual computed width of
tape in surface contact with the roller is listed next.

C-3



STRAIGHT ROLLER

R 0
o 0

SPHERICAL ROLLER
R R
a 0

CONED ROLLER
R=20
= Q

SPHERICAL CONE ROLLER
R=R
— 1 R Qa =a
d i C
|
Figure C-2 - ROLLER TYPES



'Céfd.j " Variable.

Number - Name
1 1
D

TT‘.
W

R

ALF

2 TO
™

EO

EM

PO

PM

Table C-1

INPUT DATA SPECIFICATION

Description

= 1, oxide out
= 0, oxide in
Roller diameter
Tape tension

‘Tape width

Spherical_radius

~ Cone angle

Oxide thickness

- Mylar thickness

Oxide elastic modulus

Mylar elastic modulus

Poisson's ratio, oxide

Poisson's ratio, mylar

Field

Width

2-10

11-20
21-30
31-40

41-50

1-10

11-20
21-30
31-40
41-50
51-60

Format

I1
I1 .
F9.0

“F10.0
' F10.0

F10,0

.+ F10.0

F10.0

F10.0
F10.0

F10.0
' F10.0

F10.0

Units

psi



i#
2%
S
4 #
5
&0
7w
L)
oH
iGe
11
12»
13+«
144
15+
1éa
17w
1R«
194«
20
2i*
22w
23w
244
254
264
27s
2he
29¢
Ine
34
32+
33
J4#
3B«
34w
374
38«
1)
40
41#
4246
43w
ddw
454
440
470
4R ¢
49+
50«
S54#
52
53«
S54#
584

READ(5,2) 1.0 TToW,RaALF
FORMAT (14,F9.0,5F10.0)

READ (5,3 T0,TM,EQ,EM,FQ,PM
3 FORMAY (6F10.0)
ALPZ(,01745330ALF

WRITE (64+9)

[V o

QOFDORMAT (1H1,10X, 54HPRINC!PAL STRESSES IN TAPE PASSING OVER A ROLL

1ER 717}
[F{ALF 40,4041
40 1F(R)42,42,43
41 [F(3)45,45,44
42 WRITE(6,48)TToW,D
Re 1J000.8(J+W)
ALP=W/R
G0 TO 50
43 WRITE(S,47)TT»W,DsR
ALP=W/R
Dep+2,4Re{1,/CO08(ALP)=1,)
GO TO 50
44 WRITE(A,48)TT:W,0sReALF
G0 TQ 50
45 WRITEL&,;49)TT W0 ALF
46 FCRIAT(BX45MSTRAIGHT ROLLER
15%, 19MPHYSICAL PARAMATERS ///

? BXs 3OHTAPE TENSION
3 AX,30HTAPE WIDTH
4 88Xy 30HROLLER DIAMETER

47 FNORYAT(5X, 45HSPHERICALLY CROWNED ROLLER
15X, 19HPHYSICAL PARAMATERS ///

2 X 30HTAPE TENSION

5 AX)3OMTAPE WIDYH

a 8X .+ 30MROLLER DIAMETER
5 BX, 30MCROWN RADIUS

48 FORMAT(9X,45H00UBLE CONED ROLLER WITK RADIUS

15%, 19=PHYSICAL PARAMATERS ///
AX:30HTAPE TENSION
8%, JI0HTAPE WIDTH
aXx, 20HROLLER DIAMETER
A%, SUHCROWN RADIUS
38X 30MCONE ANGLE
49 FORMAT(SX,45HDOUBLE CONED ROLLER

15¥%, {9HPHYSICAL PARAMATERS ///
aX+30MTAPE TENSION
BX:30HTAPE WIDTH
8X:30MROLLER DIAMETER
BX,30HCONE ANGLE
a0 WRITE (6,11)
11 FORMAT (5X. | 5KTAPE PROPERTIES //)

WRITE (6:15)T0rTMlE0!EMJPOpPM

150FORMAY ( ABX30HOXIDE THICKNESS
ax,30HMYLAR THICKNESS
X, 30HOXIDE ELASTIC MODULUS
8% 3CHMYLAR ELASTIC MOOULUS
AX,I0HPDISSON'S RATIO (OXIDE)
BX,30KPOISSON'8 RAT]IOQ (MYLAR)

O Y D

oo

G b L D)

Figure C-3

/1177

+F10:2:2%s3H02, 0/

yFL0,3,2% s 3HIN, W/

tFLD 3, 2Xs3HIN, s 47 }
/117

1Fi0.202X,3H0Z, 2/
VF10,3,2X: 3HIN, 17
tFL0¢3:2X ) SHINg»/
2FL0e2: 2% 3HINgs 2/}
177

tFL00 242X 3R0Z 0/
dF104 32X, 3MIN, o/
sFL043,2X03HINg 2
sFL04202X03MIN o/

CaF30.2,2%s3HDEG/ /)

/s

1F10,2)2X03H0Z 0/
1FL04302X, 301Ny 2/
sFL0,302X, 3HIN, e/
1F10,2,2X:3HDEG/ /)

tF10|532x93HIN|¢1
1FPL0+5.2XsIMIN,
R TR
2FL0, 0!2”|3HPS!./
1FL0 2, 2%, 3K e/
1FL0,2,2X)34 427}

Program for Tape Stresses Over Rollers
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l‘f:

Figure C-3 Continued

584 IF(1) 4,4,5

57w 4 EL1zEQ

Sfs E2=EM

59« P1=P0

G0 FZshPM

51« T1=TQ

62 T2zT™

63a TW=TT/W

Han GO TO 6.

654 5 Ef=CM

bhu E2=FD

67 PisPM

6B : P2=rQ

659« Ti=TH

70% T?2=TQ

74 TWETT/W

72 6 CONTINUE

73u Cw=sd

740 T1L=T1

75+« Tel=T?

T4 ELsE2a(1,»PoPl)/(EL#(1.-P28p2))
% SzT1LeE1+T2L*E2

;;, l:(Tit«%iLIEtuTzL«TzL*z.*EL*TlL*T?L’/f2"fTiL*EL'TZL"

sCOMMENTe  THE TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT Bk MEANINGFUL.
7Ga I;‘R-EOnO.’Rle*TZ'Y

804 g7="
a1 Ded~2,#R#{1,/CO0SCALP)~1,)
"BE# S3As(Fi1aY/{1.~F18P1))=(2,/D*P1/R)
8% SBB=(Eia(y~T1L)/(1.=-P1aP1))a(2,/0+P1/R)
Bas 53C=(F28(Y-T1L)/(1.~P2eP2))0(2,/D+P2/R)
A5 SAD=(E28(y-T1L-T2L32(1,~-P28P2))0{2,/DeP2/R)
a6n 32 CWwg22,0Re AL :
87+ IF(CWaCW83)52,52,53
BR# 52 A3C=R/{,5aD«Re{1,~-COS{,%¢CW/R)))
89+ Qi=FE1a{1.~CO08(.54CW/R} )= ABC
9Ne @2==2u(1,~C0S{,.5=CW/R) I8 ARC
91+ TRs(CW/R)u{CW/R)
92 TRsTE#aRCa(LwWeTR/12,)8(1 . ~{TR/740, )0ttt ., ~TR/112. )
% GO TO S4
94 53 A3C=0=2,0R8(1,-COSCALP)}~{CW~CWS)BALP
95¢ G1=({Cw-CWS)BALPeEL/ABC
Gbe Q2= (Cu-CWS)BALPaE2/ABC
974 TR=11eTILo(CWCWEI/2:+ 40267210 (CWECWS) /2
80 ABC=R/(,5e0=Re(1,-COS(,85«CWS/R)))
90e u1é41¢51-t1.~cos<.5~cw51n))nagc
" W22 32+E20(1,~COS(,58CWS/R))eaBC ,
igg* ‘ TQ=T§t(TiLiEl+T?LOEZ)'2.'(R!StN(.5¢ChSIR)-.5'CHSQCOS(.50§H$/R)J¢ABC
02+« 1C
%03» 54 TAL = (TT/15.~TH)Y/CHW
104+ IF (TWL) 30+31,3%
108» 30 CwWap,099eCW

C-7



1084
107«
108
109
110G»
114+«
112+
113+
114+
115+
116¢»
117+
118+
119+
120
124+#
122+
123
124+
125+
126+
127+
128=
129+
130+
134

S 132«
T 133

1344
- 1354
134+
137+«
138+
139+
140+
1a4»
142+
143«
144+
145«
1464
1474
1480

G0 TO 32

S1=TWl *E1/TE
S?=TW| . wF2/TE
SLARSBA+QL+Se
S.BcSBB+Q1+51
SLC=8SBC+02+52
SLD=S30+QR2+52"

Figure C-3 Continued

SWAs(EfaY/(1,~P1ePl))a(1./Re2,8P1/D)
SWHEs(FLely~Til) /(1. =PLaP1))e(1./R+2,eP1/D)
SWCI(ERa(Y=TLIL)/ (L. ~P22P2))a(4,/R¢2,4P2/D)
SWD=(E2e(Y=T4L~T2L)/(41,-P2eP2))#(1,/R%2,2P2/D)

7:7.8

STA20,0
8TB=0,0
STC=0,0
STD=z0,0
TeTWal
TRaTRe16.,
IP (I
S0S.L. & SL&
S08T & STA
8954 ¢ SWA
SOCL ¢ SL8
SOCT s STH
S0C# = SWR
SvstL = SLD
SMST = &8TR
SHMSW = SWD
SMCL = SLC
S5MCT = STC
SMEV & SWC
GO Ye 20
305, = SLD
SO5T £ STN
S50SW & 84D
SOCL = SLC
SOCY = ST¢
SO0CW & SWC
S¥MSL = SLA
SMST = STA
SMSW n SW4A
SMCL = SLB
SMCT 8 STRH
SMCW = SWR

C-8
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149
150
154¢e
152«
153
184«
156+
156+
157
1584
1594
140
161+
162+
1635+
i6d4n
165+
1660
167+
1484
1694
170+
171
172+
1734
1740
175+
176«

20 CONTINUE

Figure C-3 Continued

WRITE(S:51) CW
51 FORYAT(/5XI3ZHCONTAGY WIDTH
IF (1) 28,25.:26

25 WRITE (6,12)
12 FORYAT(SX,43H0X1DE STRESSES,PS] (OXIDE AWAY FROM ROLLERY//)

GO0 TO0 23

26 WRITE (§,22)
27 FORMAT (5X, 41HOXIDE STRESSES,PS] (OXIDE AGAINST ROLLERI//)

73 CONTINUE

WRITE (6,16) S05L.S0ST.S0SW,80CLSOCT,S0CW

160F ORMAT
1

RN PR |

8X s 30HSURFACE LENGTH DIRECTION
BX: 30HSURFACE, THICKNESS DIRECTION
BX I0HSYRFACE,WIDTH DIRECTION

BY ¢ 30MCENTER, LENGTH DIRECTION

BXs 30MCENTER, THICKNESS DIRECTION
AX: 30MCENTER,WIDTH DIRECTION

WIITE (6,13)
13 FORMAT (5%, 18KMYLAR STRESSES.PSI //)
WRITE (6,17) SH5LsSMST, SMSW, SMLL, SMCT,» SMCW

170FORMAT

[ R AV

GO TO 14
END

BX, 30MSURFACE, LENGTH DIRECTION
AX4 IPHSYRFACE » PHIGCKNESS DIFECTION
BX: IOMSURFACE.WIDTH DIREGTION

BY, IOMCENTERS LENGTH DIRECTION

BX, 30MCENTER, THICKNESS DIRECTION
AX s AUHCENTER, WIDTH DIRECTINN

FRD OF UeC 110% FORTRAN V COMPILAYION,

1
0

eCOMENT
#ERIAIDAw

0 sDIAGNOSTICe
0 sFATAL ERROR#

C-9

FL0:4s 2X3HINg ¢ 777

»F10,0,2X, 3PS/
sFL0:0)2Xs 3MPSL ./
2FL0,0,2%X3HPSY ./
yFA0,0)2X 3KPST/
1 F10,042Xy3RPS] o/
1FL0,0,2X,30PSL /7))

2FL10,0,2X; 3HPST ./
sF104, 022X 3FPST o /
1 F10.2,2X,3HPS1 ./
2F10,002X0 3HPSTs/
sF10,0,2%X,3APST ./
sFiU;OgZXg3HPS!I//,.



PRINCIPAL STRESSES IN TAPE PASSING OVER A ROLLER

DOVBLE CUNED ROLLER #]TH RaQIUS

PHYSICAL PARAMATERS

TAPE TENSIAN 24.00 0Z.
TAPE WIDTH +375  IN,
ROLLER DIAMETER 1,000 1IN,
CROWN RADIUS 2,00 In.
CONE ANGLE 2,00 BDEG

TAPE PRAPERTIES

OXI1DE THICKNESS 00046 N,
MYLAR THICKNESS +00046 IN,
OXIDE ELASTIC MQDULUS 550000, PS!
MYLAR ELASTIC MOBULUS 55Qp00, PSI
POISSON'S RATIO (OXIPE}Y .45 '
POISSON'S RATIO (MYLAR)Y 145
CONTACT WIDTH v 3750 1IN,

OX[QE STRESSES,PS! (QOXIDE AWAY FROM ROLLER)

SURFACE,LEMNGTH DIRECTION 7505, PSi
SURFACE, THICKNESS MIRECTIQN n. P81
SURFACE,«InTH DIRELTION 445, PS]1
CENTER,LENGTH DIRELTION 6797,. PSIi
CENTER, THIrKNESS DIRFCTION N, P5?
CEMTERSWIDTH DIRECTION -0, Pst

MYLLAR STRESSES.PS!

SURFACE,LENGTH DIRECTION 8090, PS!
SURFACE, THICKNESS DIRECTION 0. Psy
SURFACE,WINTH DIRECTION ~445, P§I
CENTER,LENGTH DIRECTYION 6797, PST.
CENTER, THICKNESS DIRECTION 0., PSY
CENTER,WIDYH DIRECTION -0. PS8l
Fig. C-4. -  Input/Output Data of Tape Stress Program
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Following this listing are the maximum values of the orthogonal
stress components at the immer and outer surfaces of the two
layers. The maximum tensile stress values usually occur in the
tape length direction. Compressive stresses are shown as negative
values.
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APPENDIX D

TAPE PACK _STRESS PROGRAM

INTRODUCTION

The usual method of handling and storing magnetic tape is to
wind the tape on a suitable hub, Furthermore, tape packs are
commonly wound under constant tension conditions, although con-
stant torque winding, i.e., decreasing the tension in inverse
proportion to the instantaneous pack radius, is also used.

A common and continuing problem with such tape packs is the
tendency of spoking or buckling to occur within the pack. The
reduction or the elimination of this buckling behavior is extremely
important in audio and video recorded tape since it results in
information loss through tape damage.

Tape Pack Stress Distributions

It is generally conceded that buckling within a tape pack
can only occur within a region of compressive longitudinal tape
stress. Since tape is initially wound in the positive or tensile
stress condition, the tensile stress decay and final stress dig-
tribution within the pack must be determined so the presence of

compressive stress regions can be noted.

IITRI has developed a digital computer program which determines
the state of stress within a tape pack. This program,based upon
the elastic properties of tape and hub materials, accounts for the
effects of: |
Number of tape layers, or tape length
Winding tape tension magnitude
Hub stiffness '

Hub radius
Winding tape tension profile

® & 9 ® B
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The tape pack stress profile is calculated using an iterative
procedure based upon the thick-walled pressure vessel equations.
A typical stress distribution, for a constant tension wind, is
shown in Figure D-1, As tape layers are added to the pack, the
inner layers are compressed and their original tensile stresses

are reduced.

The effect of additional tape layers, wound at constant
tension (stress), on the stress distribution within the pack is
shown in Figure D-2, A sufficient number of layers can cause
the inner layers to develop negative or compressive stresses
which leads to possible buckling.

The effect, on the stress distribution, of winding identical
packs at different constant tension levels is shown in Figure
D"3o

The stress distribution within the pack can be radically
changed by varying the winding tension as the pack is wound.
Three cases other than constant tension, are shown in Figure D-4,
Increasing winding tension rapidly compresses the inner layers
and is the least desirable technique. Maintaining a constant
winding torque requires a decrease in tension and is easily im-
plemented. Decreasing the tension from an initial value down
to zero will result in a near zero stress of the outer layers.



longitudinal Tape Stress

Layer Number

NI ZLZL T 2T LT LT T T T T 7T A

ENM
\\\\\ i o ol ~

N YT AT VA A A A AT AT A A A S e,

kx\\k_“ " \k\\\_ \\__.Tape Pack
Hub ~ Flange

Fig, D-1 TYPICAL TAPE STRESS PROFILE

D-3



Layer Number

Longitudinal Stress

Increasing Layers

Fig. D-2 EFFECT OF INCREASED TAPE LAYERS

Increasing Tensiofl

Layer Number

Longitudinal Stress

Fig. D-3 EFFECT OF HIGHER TAPE TENSIONS
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Longitudiﬁal Stress

Longitudinal Stress

.,/fa;aff”’/’ Layér Number

Fig. D-4 EFFECT OF TENSION PROFILE

'/;,z”’r \\ ' Layer Numher

Decreasing Hub Stiffness’

Fig. D-5 EFFECT OF HUB STIFFNESS
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Two factors frequently ignored in the design of a tape
pack are the hub stiffness and the hub radius. An insufficiently
stiff hub allows the pack to compress, and can result in dompres-
sive stress regions within the pack as shown in Figure D-5.
Increasing the hub radius has the desirable effeet of alleviating
inner layer compression as shown in Figure D-6.

The above mentioned stress distributions are presented here
in & qualitative manner in order to show tape pack behavior.
Absolute values of stress can be calculated with the IITRI com-
puter program for all of the above cases,

Computer Program

The tape pack computer program developed is shown in
Figure D-7, This program is written in the Fortran IV language.

The input data specifications are given in Table D-1,
and a typical input/output data listing is shown in Figure D-8.



Longitudinal Stress

Increasing Hub Radius

Layer Number

- Fig. D-6 EFFECT OF HUB RADIUS



1=
su
T
4
B
& 4
T
84
Q#
10w
11
12%
13w
14
15#
164
17#
1H
19«
20
21#
2oe
23
240
25%
26+
27+
28+
294
30+
33e
32+
33
34w
35n

I&%
37
IR %
39
40=
414
42+
43
44u

CIMENSINN S{5000)
1 READ (5,2) TRaWW ER,RRy TTeWT,ET:PT,T+1Tel1RP
2 FORMAT L2F5 1 0+F L0 0+ FS, 0 FA, 0, Fd, 0¢F LG 0s2F3,04215F5%,™)
WRITE (6,3) TRy WRIERWRR,RP, TT WwT,ETPT,T
3 FORMAT (L9HLITAPE PACK STRESSES///9XPHTR,,INKZHWR, TX2HER ) L 342K, 10
IXEmAP/2F12.,40F 120, 2F 12,47 /9X2HTT LUX2HVT p SXEHZ T 1 2X2HP T 1 5211
2P B, F1Z2. 4, FLT N, 2F12.47)
T=T/16.0
sy
[2=11+1
R=Rk'3
AxR7
Beka
Ooo4 gz, 53400
4 ST/ {WTeTT)
TL=, 523598782
WRITE (A2%) [JARe8L 1)
5 FORMAT {(/AH WRAFS e AXOHRADIUG AXAMSTRESS/IAZELD, 3 F12.0//¢H LRAFSY
LAXEHRADIUS,) SXEHATRESS)
6 1%]1+1
BaiserT
TLsTLe 52359674808
IF (1=11) 74144
7 PET/LwTeB)
PRE(P/ETIel{ P, oled/(BaBabod ) )/ (UT/AAVRSES ) Il (2,088 (A=TRIwTRaTRIALT
LIRS (2, 5 4=TRA)I+EP) + {Hat+Av A/ (ETo (FokmAsRA) JHPT/ET)
ey
8 Al=)
ReRD+AJrTT
DE3J={PRuvduba/ (e ) ) o (Bob+ueR) A{Bud-haa)-{Ped3s3/{ReR) Il boa+ram)/(2e
1HE=a%4)
StU)=s5(0U)+Dh
17 (j=103) 11,9,9
9 WRITE (6:13) Jiite500)

10 FORAMAY (]A,F1G.3,¥12.0)
11 J=Jd+11

IF (Jde1) 8,12412
12 IF (l=10) 5,13,13

13 I8s[Q+]!

WRITE (6,140 1.TL
14 FORMAT (//1+4 » 16,10t WRAPS OR ,F5,0,49H FEET OF TAPE WERE {SED FUR
1 THE PRECEDING FESULTS//6H WRAPS, 4X6HRAMILUS, 6X&HSTRESS)
GC TO &
EAD

END OF UCC 1107 FORTRAN V COMPILATION,

#COMMENT# 0 #DIAGNOSTIC#

#ECRRAORe 0 #FATAL ENRROR#

Figure D-7
Tape Pack Stress Program
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Card
Number

Variable
Name

TR
WR
ER
RR
TT
WT
ET
PT
T

IT
11
RP

Table D-l

INPUT DATA SPECIFICATION

Description

Radial reel thickness
Width of reel

Reel elastic modulus

Hub radius

Tape thickness

Tape width

Tape elastic modulus
Poisson's ratio for tape
Tape tension

Total number of wraps
Print interval

Poisson's ratio for reel

Field
Width Format -Units
1-5 F5.0 in.
6-10 F5.0 in.
11-20 F10.0 psi
21-25 F5.0 in,
26-31 F6.0 in.
32-35 F4.0 in.
36-40 F10.0 psi
41-45 F5.0 -——
46-50 F5.0 oz
51-55 I5 -
56-60 15 ---
61-65 F5.0 -———



TARE PACK STRESSES

TR WA FR KR Rp
3750 3400 16400300, 1129 L3200
- TT WY ET PT T
00112 L3000 65000L., L4500 3,900
WRARS - RANTUS S5T+<ESRS
1 614 273,
1M 928 =Br,
201 1,033 309, .
A1 1,150 380,
any 1,262 397,
501 1,374 444,
671 3,480 49,
701 1,598 545,
any 1.710 5394,
931 1.822 hd1,
1001 1.934 ART,
11012 2.4 734,
12n1 2.158 774,
137 2,270 ALs,
1401 2,382 155,

1501 WRAPS NR 1299, FEET OF TaPL YWERE USED FOR THE PRFCEDING RESULTSE

figure D-8

Input/Output Data for Tape Pack
Stress Program

D-10



APPENDIX E
RESPONSE PROGRAM

IIT RESEARCH INSTITUTE



APPENDIX E

RESPONSE PROGRAM

INTRODUCT ION

Natural frequencies and vibration response of tape transport
mechanical components (idler, capstan, reel, and tape) are cal-
culated on this tape transport dynamic simulation model (TTDSM).
The model, as programmed on the digital computer,is problem-
oriented, Information is entered into the computer on the basis
of stacking data cards which contain the information for indi-
vidual components (idler, length of tape, reel, etc.).

Natural frequency calculations are performed using the
Holzer Method of calculation,and the steady state vibration res-
ponse is obtained through the use of a standard simultaneous

equation solver.

Computer Program

The flow diagram for TTDSM is shown in Figure E-1. The
computer program follows on Figure E-2. The simulation of a
specific model transport is attained by proper sequencing of the

data cards.

Computer Program Documentation

Figure E-3 shows' the physical arrangement of the computer
cards for the tape transport dynamic simulation model. Specific
description of the individual cards follow. This description
includes the computer code name, the element description, its
field on the data card, format and units.



FOLDOUT FRAME

DIMENSION

v

AL M, 35(

mr B(1), o(I), A7),
é,vrb S?ff,g}(ff»

\  READ-WRITE /
\cowTRoL DATA

|

PEAD - WRITE j
FALE CONS?MJVTS

) READ - WRITE, . @
REEL INPVT

NATURAL FREQUENCY

READ - WRITE
CAPSTAN INPUT

1Z2=3

TREALD ~-WRITE
.HEAD LATA

READ - WR?

2

TAPE DAT.

\ READ ~-WRITE
APSTAN DATA

READ-

WRIJ"‘
JDLER DATA J'"lfz-

< D=1z=2 L:

T,
J(L}=ATH0E = R(Z)= pEOB[—= K (D)= Mofgr(wwﬁ DAL | JU) = ﬂ;ﬁa
?:IO .!‘1 f 2:; I EN OMEG=SF
>
DELTS =0 S=5-pELTS 4@? e @ /“’2‘:;1‘;‘6 ’ \J"VRS”:f
<
= Fl. < . = 2
peLTs= [y A F = F+ JINOMER*= (5)

2

e OMEG = OMEG + DELOMG = F ' ¥

- e:wx&=oMEG—o£L0MGJ—-{p££aMG-&A—Mﬁi: |-l

A(7,1-2), A(I, I}, AK

=7+ 1 t

Al Tel), BBCI) chiD

[ Ax A(I*I IJ A(I Iu’) A(I*! 5-2;

I=7+2 |AAK, BN, DL
Al1,2),A(2,1), A(e 2),A2,3) p=4{ T, AL, J/),B(1),C(DN,0(1}, F(I)
8(2) , D(2), AK BK(1.J) . BB(1), RID,CNID, H (T}
i
AL+, AT, T-2), ACT+ 1, 1w _
_""'AE;I";))B({Iﬁ (2)) (1.1 ""‘" I+l H&Z‘i& I= Ii——

Ll;'MEG: OMEG + PELOMG ]'—-

@5—]0##5& 2OMEG +FS H M= W] h

FIGURE E-1

R.{IJ) = RGTHA(FEJITICC( L.
R(.?J} RWT) + BI) SIN,

’—?——{ 8K(1,07} = (PELTI R TI

T=7+2

szgré H?

Hcctin) = CC(JJ')"‘ SK(IJJ'} ] @L—-I=I+]
P-4

i
!
CCtIT) = CCLTT) # BRI, TT) p

CW7)= CLT

i
]
f
}

[ﬁ.’( €1+ 2BK(2)+ 2 BKL3)+ BK(4)

TAPE TRANSPORT DYNAMIC SIMULATION MODEL COMPUTER FLOW DIAGRAM

FOLDOUT FRAME
' .




L&
28
EL
[
G
Hi
7 e
f4 ¥
G

104

11+#

12«

13%

14%

154«

1%

17

1A+

19%

20%

21+

22%

g3

2a#

25%

26

27

28¢e

294

30w

31=
32+
33w

J4w

35+

360

ar=

CEAY

39

4%

41%

4pn

DIMENSION A(29:25) «BI(25)sCI25)4D(25)+TL(25) 2BB{25) +CNI(Z25) sR(2
15) e BK{25:25) ¢ AJ{25) s AK {25} sF (25) 4+CC(25) X(25)+IR(25)+JC (25
212 XD{25,25)
DIMENSION BBB{2541)
REAL MODET
KA = 1
DO 4 I=1+2541
DO 4 JJ=142541
4 XD(IoedJ) = 0.0
5 DO 761 I=le25s1
DO 760 JI=142501
A{lIsJ]l)= 0,0

760 BR{IsJI)= 0.0

Bl = 0.0
BB{(I) = 0.0
ClI)= 0,0
CCLI) = 0.0
DII} = 0,0
Ik{I) = 0
JC{IY =0
F{I) = 0.0
CN(IY = 0.0
RII) = n,0
TLET) = DD
AJ{I)Y = 0.0
X{1) = 040

TTL=0:0

761 AK(I) = 0.0

READ (5¢10) DELTeTMAXSAMTsECsSF I NoKsISCleISC2eFSoFL

10 FORMAT ( S5E10e59 413y E10.50E8,3)
READ (S,20) DENSTsMODET s THKT 4 WTHT 4V

20 FORMAT ( 5E10.5 )
WRITE (6930} DELT o TMAKSAMToECsSFoNeKaISCLloISC29FSeFL

A0 FORMAT 19H1ICONTROL INPUT DATA//TH DELTASE10.D+5X6HT MAX=ELD0.5¢5
1 X9HAMT e TAPE=SEL1 0,5 ¢5SX12HERROR CRIT.=E1049+5X8HSTL.FREQSE10.5/79H NQOF
PREQG=T3+10XBHNOSETS=I3+10X4HSC1=13517X4HSC2213924X10HFREQLINT=E10
3.59715H MAXFREQUENCY=EB,3/)
WRITE (6+40) DENSToMODETsTHKT ¢ WTHT 9V

40 FORMAT 16H TAPE INPUT DATA/Z 9H DENSITY=EL10.D¢5XIHMODELST=ELD.D
] o SXRGHTHK g TAPE=E 105+ DXIHWTH. TAPE=EL10.5¢SX9HTAPE VEL=E10.5/)
WHITE (Aheb()

50 FORMAT ( 26H TAPE TRANSPORT INPUT DATA /)

Figure E-2
Computer Program for TTDSM
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43w

Lt
45+
GhHe
47
4H#
4o%
S04
g1
S2¢
53+
G4
854
SHe
57¢
54
S+
GO
bl
b
63
b4
65#
H6H¥
A
G
69@
Tow
71e
Tow
73w
Tow
The
ThE
TT7#
TR%
Tow#
ao=
d8ie
B2
R34
B4
Bo#
B4
A7s
ARa#
B8gw
[0+
1=
g2
93+
G4
Qe
Ga#
974
98+
Qow

C

Figure E-2 Continued

IF ( ISC1l = 2 ) 55, 486, 1486
NATURAL FREQUENCY

85 I = 1
J o= 1
60 JCC =1

IF ( b =2 ) TGy T0s 100
70 READ (5480) JeAJHUB RHUB:FDRAGoTSeTCsAKDsRASVAsMyNA
B0 FORMAT (1148E9e%0I1,13)
WRITE (/+90) JsAJHUB+RHUBsFDRAGsTSsTCoAKDsRASVAIMeNA
G0 FORMAT{]IH REEL9C00E=II92X1OHINERTaHUB=E9.4§216HR.HUB=E9a4OexIUHDR
1AG COFF=E9c4o2X13HPFRT«TORA(S) =EQ.492K13HPERT . TORQG(C)I=ED o4/ 6XDHFLU
?x=E9.4?EXTHRESIST=E904QEXGHVDLT5=E9n4i?XbHPTECDSII|2X3HNA=13//)
100 IF ( J = 3) 140, 1109 140
110 READ (95120) JeAJHURsRHUB«FDRAGsTSeTCsAKDeRAIVAIMINA
120 FORMAT (IlosBE9.4¢I1+13)
WRITE (6¢130) JeAJHUBsRHUBSFDORAGsTSoTCoAKDIRAsVAsMINA
130 FPRMAT  (14H CAPSTANCODE=T1+ZX10HINERT HUB=ED+492X6HR HUB=E9.44+2X
110HDRAG COEF=E9,4¢2X13HPERT ., TORG(S) =EDe492X1IHPERTTORQ(C)=E9,4/6X
PSHFLUXSEQeb s 2XTHRESISTSED o4y 2X6HVOLTSSED 49 2X6HPT,CD=11 ¢ 2X3HNA=T3/
3/)
IF t J =T ) lé4ne Tls 140
71 READ (5,472) J«BJHUB,GR
72 FORMAT ( 11,2E9.4 )
WRITE (6:73) JeBJHURGR
73 FORMAY ( 22H CAPSTAN REDUCER,CODE=I1:10H INERTIA=E9.64513H OGEAR R
1ATIO=ED .4/ /)
140 1F ( J - 4) 1805 150+ 180
150 READ (5.160) JeAJHUB oRHUBIFDRAG TS+ TCoAXDeRAIVASMaNA
160 FORMAT ( J14BEG.4411513)
WRITF (6el170) JeAJHUB«RHUBoFDRAGs TSoTCoMeNA
170 FORMAT (12r IDLERSCODE=I1¢2X]10HINERT HUBSED 4 ¢2X6HRHUB=E9.4¢2X]0H
1D0RAG COEF=F9.4s2X]13HPERY,TORQ(5)=E.4+2X13HPERT«TORQ(C) =2E9s4/2X6HP
2T.CO=I142X3HNA=TE//)
180 IF ( J = 5 ) 220s 190 220
190 READ (5:200) JeFQsF1oCNNoM
200 FORMAT { I1:3E9.4.11 )
WRITE (He210) JeFOeF1oClNNsM
210 FORMAT (11H HEADCODE=T11+2X11HSTAT,L.FRICT= E9 492X} 0HDYNLFRICT= E9 [
12X14HDYNFRICT S (N} =EP. G 2X6HPT . CO=11//7)
JCC = 4
BA = TL{I=])}
220 IF ( J = 6 ) 260s 230s 260
230 READ {(5+240) JoeTLLeM
240 FORMAT { T1:E9,4¢11 )
WRITE (64250} JeTLL M
250 FORMAT (11 TAPF,CODE=I1+2X10HTAPE LGTH E9:492KBHPT, CD:II//,
YL(I) = TLL
IF (JCC = & ) 260+ 255, 260
255 TL(I=-10=TL(])+BaA
AK(I=1) = [ MODET#THKT#WTAT )} / TL{(]-1)
GO TD 60
260 AJ(I) = AJHUB + ( BJURUB#(GR##2,0))
BJUHUB = 0.0
GR = 0.0
R(]}) = RHWUB
IF ( J =1 ) 262,262¢ 261
261 AK(I) = [ MODET®#THKT#WTHT ) / TL(I)
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Figure E-2 Continued

100* 262 AJIIY = AJIL) 7/ ( R(I)=a2_.0)
01+# L =1

oz« I = 1T ¢ 1 _

103+ IF ( J -1 2709 2705 60

104% 270 OMEG = SF

1054 NN = 1

106 280 G = 1,0

107« DELOMG = DELY

10g+ IP = 1

10g% 290 FA= 0,0

Tlpw S = 1,0

1)+ DELTS = (0.0

1124 I =1

113« N0 S =5 - PDELTS

ilae , IF { IP = 2 3y 360, 310+ 310
115+ 310 IF ¢ 1 = 1) 3400 320 340
l116% 320 WRITE (6.330)

117# 330 FORMAT ( 30H NATURAL FREQUENCY CALCULATION// GH STATION#BX1OHTHET
11A# 1A (RAD) #SHX1I3HTORQUE { IN=LB) //)
116+ 340 THE = S / R(I}

1204 WRITE (6:350) [+THESFA

121% A50 FORMAT ( TH T I2sOXELO.4+5XELD.4 }
1e2w 360 FAx FA+ AJ(I)#(OMEG®#2,0) %S
123+ ) IF (1 = L ) 370, 3B0, 380
124w 370 DELTS = FA/Z AK(])

125% i=1+

12k”% GO 10 300 _
1erts 380 IF ( 1P = 2 ) 3900 470s &70
128w 350 IF { FA=0.0) 400 430: 410
129w 400 IF { G = 1.0 } 410+ 420+ 410
13n# 410 AA = G # FA

131+ IF { AA =0,0) 4504 420, %20
132+« 420 OMEG = OMEG +« DELOMG

133% G = FA

134w GO TO 290

135 430 AOMEG = OMEG 7/ 6.,2B3]18

136 WRITE (6e440) NN AOMEG

137+ 460 FORMAT ( 22HINATURAL FREGUENCY NO.I342H =E10c5¢3H HZ//)
13a# IP =13 .

139% GO TO 290

140% 450 IF ( DELOMG =~ EC ) 430 460, 460
1414 460 OMEG = OMEG = DELOMG

l42e DELOMG = DELOMG / 16.0

143 OMEG = OMEG + DELOMG

1444 GO T0 290

145 G670 IF ( NN = N } 4800¢48l. 481
1464 4800 IF ( OMFG = FL ) 4B0s 48ls 481
147 480 OMEG = OMEG « FS

1484 NN = NN ¢ ]

149% GO TO 280

150% 481 IF ( KA = K } 4R2y 10000 10000
151« 482 KA = KA + ]

152% GO TO 5

153 C  TIME TRANSIENT RESPONSE

154« 486 [ = 1

195 ¢ 490 IF { I = 1) 4959 495, 500
1564 49% J = 2

E-5



1574

153+
159+
160#
1614
162¢
1630
1640
1644
1564
1674
16,1%
169
170w
171w
172¢%
173
1744
175«
176#
1774
17Rs
179
180+
181+«
1824+
183+
184w
1854
1BA
1874
1834
189%
1910
191+
1924
193#
1944
195+
196%
197+
1OH*®
199+
200%
201#
202
203%
204%
205He
Z0&#
207%
208+
209«
210+
211+
2iz#
2l3e

500
505
510
520

530

540
550
560

570

5840
590
600

610

630
640

650

6610

670

700
710
720

730

740

Figure E-2 Continued

GO TO 505
aAK = AK(I=2)
IF ((J = 2 ) 5405 5100 540
READ (5,520} JsAJHUBRHUBsFDRAGsTSoTCoAKDsRASVAsMoNA
FORMAT (I19BESe4el1413)
WRITE (65530)Js ASHUAsRHUB«FDRAGoTSsTCyAKDsRAsVAIMoNA .
FORMAT {11H REEL ,CODE=11,2X10HINERT +HUBZED .6 +2X6HR,HUBSED 4 »2X]10MDR
1AG COEF=ES.4+2X13HPERTTORQ(S) =F 9,4 s2X13HPERT . TORQ(C) 2E9e4/6XSHFLU

2XEE9, 4y 2XTHRESIST=ED .4+ 2X6HVOL TSSED 49 2XOHPTACD=1192X3HNAZII//)

IF (1 = 1 ) 780, 660 780

IF { ' Jd = .3) 580, 5505 580

READ (5.560) Je AJHUBRHUB+FDRAGTSsTCoAKDsRAsVAOMNA

FORMAT (11+BE9ets11s13)

WRITE (6+5703JsAJHUBYRHUBSFDRAGoTSeTCvAKDIRAIVAIMsNA

FORMAT (14H CAPSTANSCODE=I1+2X10HINERT ,HUB=ED:4+2X6HR,HUBRERs692X
110HDRAG COEF=E9,6s2X13HPERTZTORQ(SIZEF e+ 2X13HPERT(TORQ(C) =EG44/6X

?5HFLUX=E9.492!7HRESIST=E994qZKbHVOLTS=E9.4vEXbHPT.CD=110213HNA=I3/
an

GO TO 670

IF { J - & ) 630 590 630

READ (5:600)JeAJHUB RRUABSFDRAG TS TCoAKDyRAIVA«MoNA

FORMAT ( J14BEG.6s11¢13)

WRITE (6¢610)JeAJHUBIRHUBFDRAGTSeTCoeMeNA

FORMAT (12H IDLFER+CODE=T192X10HINERTHUB=EQ .432X6HR«HUB2EDs%402X]10H
1DRAG COEF=E9.%9¢2X13HPERTTORQA(S) 2EQ.4¢2X1INPERT«TORG(C) =E94/5R6HP
2T CD=11.2X3HNA=Y3//)

G0 TO 670

READ (54,6603 JeFOaF1oCNNM

FORMAT ( 11+3E9.4s11)

WRITE (6¢650) JeFOsF1leCNNeM ’

FORMAT (11H HEADCODE=I1+2X11HSTATFRICT=ED 492X10HDYNFRICT®ED 40
12X14HDYNFRICT . (N)=EQ o4 9 2KO6HPT,CO=11//)

1Z = 3 ' '

GO 10 700

[Z = 2

GO 10 700

IZ = 1

READ (54710 JeTLL oM

FORMAT ( T1sF9e4sl} }

WRITE (6.720) JeTLL M

FURMAT (11H TAPE,CODE=11+2X10HTAPE LGTH=E9:4,+2X6HPT.CD=11//)

TL{TY = TLL

IF ( I1Z = 2 t T30e¢ 7500 740

AR{TI={ (MODET & THKT® WTHT) / TLI(I))

4(I+I¢)) = 1,0

A{l+1s1=2) = ({ AAK}®{ RHUB®®2,0)) / AJHUB

AlTelel} = (=1a0)®{( RHUB®#2,0)/ AJHUB)® ( AAK + AK(1))
A{T+1s1¢]1) ={(=140)/AJHUB) ® { FDRAG + ({(AKO®##2,0) /RA ))
All+le1¢2) = ((RHUB##2,0)/AJHUB )®AK(])

R{l1) = (TS% RHUB}/ AJHUB

D(I} = (NA® V ) /RHUB

GO 10 770

AK (1) =( (MODET #THKT# WIMT) / TL({I})
Alles1=2) = AAK / F1

AlI-I) = {AK{1)=AAK ) / F1
All«T¢1l)y = =8K(I) /7 F1

Bu(]) = =FO0 / F1
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Figure E-2 Continued

2l4ae CN{I) = CNN

2l5+ AAK = AK({I)

2l 1 =1+

217¢% GO TO 509

2iae 75¢ I = 1}

2194 T = 0,0

zane AKLT)=({MODET #® THKT # WwTHT} 7 TL(I))

221“’ A(lo?) = 1.0 :

2eon Al2e]1) = {=le0)#{{ RHUB®*22,0) / AJHUB)® AK({I)
223e Al2:2) = (=150 / AJHUB)® ( FDRAG ¢ (( AKD®®2.,0 ) / RA})
2244 At2:3) = (=1,0}¢ A{Z24+])

225% R(2) = ( TS# RHUYB) / AJHUB

2264 D(2) = ( NA# V )} / RHUB

227% TTO I = 1 +2

22ue GO TO 450

229# 180 AlJsI+1) = 1,0

230# All+lel=2i= { AaK® [RHMUB®#2,.0)) / AJHUR
231+ A{I+1e]l) = {=]1e0)% ((RHUB##2,0) / AJHUB ) # AAK
232¢% A{T+]141+1) =2 { =1,0/844HUBY { FORAG + (( AKD%#4#2,0) / RA ))
2334 B{I) = ( TS RHUB) / AJHUB

2344 DY = ( NA ® ¥ } / HHUB

23bhe KK = 1 +1

Pinw WRITE (6e785)

23T+ 785 FORMAT ( Z23HIFORCED RESPONSE QUTPUT//)

238« 90 I = ]

23a4 795 DU BI0 Jus=]1sKKy]

chan IF ( BB(JJ) = 0.0 )} 796, T9HB, 756

241 796 IF ( R(JJ) = 0,0 ) 798, T989, 7988

chaci 7989 AHBB = 0.0

2473% G0 TO 7199

Phhw 798 ABB = «1,0#BB{JJ]

f45e GO TOo 799

2461 TORB ABB = BR(JJ}

2470 799 D0 AQ0 JdJd=1+KK,]

24811 CRQ0 ROJY) = R + AGJJeJUJIRCCLUIN)

2694 R{JdJ) = RIJJ} + BOJII®{ SINE DiJdJ)®T)}) + aBB
2504 R10 CONTINUE

251 # DO B20 JJ=leKKse]

5% BRK({I.JJ) = DELT & R(JJ)

253« B20 CONTINUE

254 ¢ IF { I = 1 ) 830s B30, B60

255 # 830 T =T + ( DELT / 2.0 )

256# B40 D0 B850 JJ=)sKKel

257« B850 CClJJ) = CCULJIJ) + { BK{I+JJY /7 2,0 )

258a# GO TO 8G90

2594 860 IF { I = 3 ) B40:87T0+900

260 BT0 T =T ¢ ( DELY / 2.0 )

261+ CClUJ) = CCtUL) + BRI{IJJ)

2620 H90 I =TI + 1

263 60 TO 795

264 % 300 DO 940 JJ=]1,KKs]

2hh# I =1

266 910 ClUUr = CUJJ) * (10 /6,0)%( BK({Iodd) ¢(2,09BK(1elagu) 1 +(2,0%BK(]
267w 1¢29JJ)) ¢ BEK(le3:J0))

chue IF ¢ JJ= 1 )} 920, 9209 931

269 920 WRITE (6¢930) T.C(JJ)

270% 930 FORMAT { 6H TIME=E)Q0,4¢SXOHRESPONSERE1D0,4//)
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271¢#
212e
273¢
PTlaw
275#%
2TR%
L
278¢«
279
2a0e
28l%
2AZ2%
7R3%
Z284n
285
2Bk
2R
2ans
Z2ag#
290+
291#
2972¢
293¢
294+
2954
296+
297«
294w
29G4
300%
301e
3oee
303+
304e
305%
3nee
307w
30K«
o
Ilne
3lie
3lpe
L2313
3i4¢
316¢
316#
317#
3lHu
3loe
320
Y-8 R
322%
323+
324+
Az2s«
iz2ev
327¢

Figure E-2 Continued

GO TO 940
931 WRITE (6:932) JJClJV)
932 FORMAT ( 4H JJ=T3:42X6HC(JJI=EL10.4)
Q40 CONTINUE
IF { T = TMAX } T790s 790 1000
1000 IF ( KA = K ) 1010. 1G000s 10000
1010 KA = KA ¢+ ]
GO 70 5
STEADY STATE RESPONSE
1486 1 = |
1490 IF (-1 = 1 } 1495 1495, 1500
1495 J = 2
GO TO 1505
1500 AAK = AK(I=2)
CCH = CH
1505 IF ( 4 - 2 } 1540, 15104 1540
1510 READ (551920)JsAJHUB+RHUB«FDRAG:TSoeTCoAKDsRAs VA MeNA
1920 FORMAT (I1+48E944411,13)
WRITE (691530)JAJHUBRHUBsFDRAGsTSeTCoAKDeRAsVAMoNA
1530 FORMAT(11H REEL+CODE=I1+2X10HINERTWHUB=ED 4 +2X6HRHUB=ZEDG.4+2X]1 0HOR
1AG COEF=E9.4 92X 1 AHPERTTORG(S) =£9,4¢2X 1 3HPERT.TORQ(C) =EQ .4 /6XSHFLU
PASED b o 2XTHRESIST=FE944 3 2XOHVOLYS=ES .49 2X6HP T CO=1]+2X3HNA=13//]
IF ¢1 = 1 ) 1780+ 1660s 1780
1540 IF ¢ J = 3) 1580, 1550, 1580
1550 READ (541560} JesAJHUBsRHUB+FDRAGTSeTCoAKDeRASVAMyNA
1960 FORMAT (IleBED44s11413)
WRITE (6.1570)JsAJHUBoRHUBsFDHAGsTSeTCoeAKDaRAYVASMNA
1570 FORMAT (14 CAPSTANSCODE=11+2X10HINERT  HUB=E9.49y2X6HR  HUBZEG 42X
J10HDRAG COEF=EG,4+2X1IAPERT ,TOROQ(S)SEFe4+2X13HPERTTORQ(CI=ES,4/6X
POHFLUX=ED o4 9 2XTHRESISTZEQe 4 4 2XOHVOLTS=EG 449 2XOHPTCD=1142X3HNAZ] 3/
a/)
IF ¢ J =7 ) 187Ds 15714 1670
1571 READ (5¢1572) JeBJHUBIBGR«BFDRAGyBAKD+BRA
1572 FORMAT ( T1+5E£9.4 )
WRITE (6:1573) JsBJHUBI+GR+BFDRAG.BAKD+BRA .
1573 FORMAT { 22H CAPSTAN REDUCER.CODE=11410r INERTIA=E9,44)13H GEAR R
1ATIO=E9,4912H (RAG COEF=E9,4+7H FLUX®2ED.4+13H RESISTANCE=E9.4//

#)

BSF = SF # GR
GH = 0.0

GO 10 le&70

1580 IF ( J = 4 } 1630 1590, 1630
1560 READ (5¢1600)JsAJHUB+RHUBFDRAGyTSoTCoyAKDsRAW VYA MyeNA
1600 FORMAT ( I1sBE9.4eIle13}
WRITE (6491610)JsAJMUB+RHUBYFDRAGYTSeTCoaMoNA
1410 FORMAT (12H IDLERyCODE=I1o2X10MINERT A HUB=ED 4 ¢Z2X6HRHUBZED o4 o2X10H -
1DRAG COEF=EYe4 42X 1 3HPERTY (TORQ(S) SED .4+ 2X13HPERTSTORQ(CIZEQ 44 /SXEHP
PTLCD=T1e2X3HNA=1I/ /) :
GO TO 1670
1630 READ (9+1640)JeF0sF1sCNNeM
1640 FORMAT ( I1.3E9.4911)
WRITE (6¢1650)JeFO«F1sCNNaM _
1650 FORMAT (11H HEAD+CODESI1o2X11HSTATSFRICTSEG ,4»2X10HDYNFRICT=EG 4 s
12A14HDYNLFRICT, (N} =EQa 4o 2X6HPT,CD=211//)
1Z = 3
GO TO 1700
1860 12 = 2

E-8



328
329
30+
331+
332+
333+
334%
335+
338
331+
3348w
3394
3404
341+%
4w
3430
440
345
46

CALTH

34R%
349¢
3s0w
35)«
352+
353
354
355+
35a6%
357#
358+
359+
360«!-
B«
620
363w
36448
365w
1664
AT
36K+
A69%
370¢
KEAR:
372w
373%
374
376+
aA76%
A7TH
378%
379
3R0
RI-RRS
382#%
aBg3e
84 @

1670
1700
1710
1720

1721

1725

1750

Ivr3o

1780

Figure E-2 Continued

GG TO 1700

12 = 1

READ (541710)JsTLLeMsCH

FORMAT ( [14E9464411+E944}

WRITE (6417201 JeTLLeMsCH

FORMAT (11H TAPE+CODE=I1#2X10HTAPE LGTHSED .4 +2X6HPT,CD=11+2X11HHEA
D COEF+=E944//)

IF ¢ U = 5 ) 1725y 1721 1725

—

TTL = TLL

GO TO 1630

TLL = TLL « TTL

TTL = 0,0

IF ( IZ = 2 ) 1730 1750 1730

AK{IL) = (( MODET® THKT®# WTHT}Y / TLL)

Allsl) = { RHUB®AK(I})=({AJHUBY ( SF#82,01) /RHUB)
BETA = (( AKD®¥#2,0) / HA)

A{ls2) = {((=SF/RHUB) # ( FDRAG+BETA ))}={ RHUB®CH® SF)
Af{le3) = («AK(1}¥® RHUB)

Af{241) = =A(1s2)

A(242) = Allsl)

Al{244) = Alls3)

B{l) = TS

Bt2)y = 1C

Allsd) = ( RHUB#CH® SF)

Al2+3) = =A(]ls8)

I =1+ 2

GO T0 l490

ARK{I) = (( MODETH#THKT® WTHT) / TLL)

Atls1) = RHUB® (AAK+AK (1)) ={( AJHUB® (SF®#2,0)) / RHUR)={ (BJHUB*{BSF
1482,01) /7RHUA)

BJHUB = 0.0

A(I+1el+l) = A(IoI)

A(ls]=2) = =RHUB®#AAK
A(Tel=1) = RHUB#CCH¥SF
HETA = ({ AKO®#2,0) / RA)

HBETA = ({ BAKD##2,4) / BRA)
A{IeI+l)= (=leQ)®((SF/RHUB) «{FDRAG*RETA ) «(RHUB#(CH+CCH)#SF) +
1{( BSF&n2,0) / RHUB) % ( BFDRAG + BRETA})

HS5F = 0.0
HAKD = 0,0
BRA = 0,0

BRBETA = 0.0
BFDRAG = (.0

AlTe]e2) 5 =RHUB®AK(I)
A{lI4+1+3) = RHUB®CH#®SF
A{Telal) = =A(Is1+])
Al{l+]lal=2) = =A(Ia]I=})
A(I+leI=1) = A(]s1l=2)
A(I+)lele2) =2 =A(Is]+3)
A(L+1+4I43) = A(I41+2)
B(IY = TS

H{l¢l) = TC

I =1+ 2

GO TO 1490

AlleI=2) = =RHUB®AAK
A(IeIl=1} = RHUB®CCH®SF
AllIsI) = (RHUB®AAK) =~ ({AJHUB® (SF##2,G}) / RHUB)
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Figure E-2 Continued

RETA = (( AKD##2,0} / RA)

3R5 4
KL .8 AllsI+l) = (~1e0)*{(( FDRAG +« BETA) /RHUB) +CCH) #SF
ARTH Al(T+1s1=2) = =A(Is]I=1}
aARAs A{lelol=1) = A(IsI=2)
389« Allelel) = =Allel*l}
“39n+ A(I+1aI+¢1} = AlILI1)
91 A{lY = TS
392+ BiIsl}y = TC
393¢ KK = 1 ¢ 1
394ut NMAX = 25
3g5% ESPY1 = 1.0
3oa NzKK
Age7# Do 1971 JJ = 14KK
308 1971 RBB(JJs1) = BJJ]
3G9+ CALL INVER(A+14+BBBeleDET)
400¢ DO 1972 JJ = leKK
401+ 1672 x(JJ} =RBB(JJr]}
4nzge WRITE (641975) KA
4034 1975 FORMAT ( BH1SET NO.I3sl6H RESPONSE OUTPUT 7}
40460 DO 1810 JJ=12KKs2
405% ARES = ({ X{JJ)ee2,0) ¢ ( X(JJel)882,0)) #8045
406 PHA = ATAN{ X{JJy 7/ XidJd+l))
4074 WRITE (6418000 JJeX{JJ) :
400w 1800 FORMAY ( 12H ELEMENT NO.139519HR£SPONSE=E10.5.IKGHINCHES)
L0 BN Y AR NN
410+ WRITE (6s1801) JZeX(JZ) ¢ARESPHA ' '
G11% 1801 FORMAT ( 12H ELEMENT NO.I3v5K9HRESPONSE=El0.5:1K6HINCHES-5X19HRESP
4l12¢ 1 DNSE AMPLITUDE=E10o501K&HINCHES;5!6HPHASE=F9.40lX#HRAD-/)
4] 3% XD(KAsJJ) = SF & ARES
Glaw 1810 CONTINUE
4150 IF ( KA = K ) 1820+ 1830, 1830
41h0 1820 KA = KA + 1 ‘
417% GO TO 5
4] Hu 1A30 CONTINUE
410+ WRITE (6,1831) .
L2n% 1R3]1 FORMAT ( 29H1T0TAL FORCED RESPONSE OUTPUT //}
4zl NO 1860 JJz)sKKe2
4p2® , DO 1R50 KAz]eKyel
423 1450 AVEL = AVEL ~+ XD(KAyJI) #8240
LP4% VEL = ( AVEL#®%¥0,5)
42548 JZ = JdJs]
42n4 WHITE (6s1BB1) JJeJZeVEL .
427T¢ 1851 FORMAT { 9H ELEMENT(IE;IH-IchH)-quHVELOCITY=E10.5q9H IN/SEC, /)
Lh2pe AVEL = 040
4294 veL = 0,0
4304 1860 CONTINUE
431% 10000 CONTINUE
4329 END
END OF COMPILATION: NO DIAGNDSTICS.
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11-4

16
2t
4

44
~ be

X
1o
i
g4

10«

11+

C12e

13«
14&
15#

l6%

17¢
18¢

19« -

2ns
21«
22
23#
2at
25e
6%
2T+
2Re
29%

OO O0O0OO OO0 0N

SUBROUTINE INVER{AaeNeBaveDET)

anegdd INVER INPUT (AsNeBeMDET)

aadouy 7

A(leli X + A(]e2)Y + A(103}12
A(Z2+1)X + A(242)Y + a4(243})2
A(3e1)XK « AL3e2)Y ¢ A(3932)2Z
N o= NUMBER JF EQUATIONS

M o= NUMBER OF COLUMNS ON LEFT

"

B{lsal} ¢ Bi(}.+2)
B(2+«]) + B(2+2)
B{(3sl) + B(3s2)

SIDE = B(I¢M)

WNAND 4 MUST RE DEFINED IN CallLING PROGRAM IE. CALL INVER{A93+4Be2+DET)

DET = VaLUE OF DETERMINANT

SET DIMENSION LIMEITS EQUAL TO NwM
sarast [NVER OQUTPUT (B.DET)

X = Al(lel}
Y HiZ2e1)
A(3s1)

sevs T DOES NOT EQUAL TIME IN THIS ROUTINE

NDIMENSTION A(NsN) sB(NeM} s IPVOT(14) ¢ INDEX(14914)PIVOT{14}
EQUIVALENCE {IROWsJROW),» {ICOLsJCOL)}

57

17

13

43
83

DET=1.,

DO 17 Jz=leN

I#VOT (J) =0

DO 135 I=l.N

T=0.

DO 9 J=1sN
IF(IPVOT(JY=1) 134+49,.13
DO 23 K=1sN
IF(IPVOTI(K)=1) 43423041
IF(ABS(T)=ARS(A(JeK))) B83:23423
IROw=J

ICOL =K

Figure E-2 Continued



0%
31w
Az
33«
Jaw
35w
36
37
Inw
g%
40n
4]
4P
43w
G4w
450
460
47w
4R#
493
S0
L]
S
53«
Saw
554
Sf#
57«
DA
B4
6O
H1#
bW
L R
Gaw
by e
66(}
&7
HH#
h
T
Tl
T2%
T3
Téw
Tou
Taw
770

FEND OF COMPILATIONG

hYl
O

73

12

33

109

205
66
52

347

21

B9

18
hH
135
222

19

549

Bl

Figure E-2 Continued

T=A{(JeK)
CONT INUE
CONTINUE
IPYOT(ICOL)YSIPVOT{ICOL) +1
IF(IROW=ICOL) 734106473
DET=«DET
N0 12 L=1eN
T=A(IROWL)
A(IROWSL)=A(ICOL L)}
ALICOLsL) =T

IF{m} 109+109¢33
N0 2 L=1.M
T=B(1ROW.L )
BLIROWsL)=B{ICOL4L)
BIICOLsL)=T

INDEX{Tol)=1IROW
INDEX{I2)=1COL
PIVOTIIY=A(ICOLLICOL)
DET=DET#PIVOT(I)
ALTCOLSICULYI=]
NO 205 L=14N
ACTICOL«L)=A(ICOLL)/PIVOTI(D)
TF{M) 34T7+347+686
DO 52 L=]M .
HBLICOLsLY=BIICOLL)YZ7PIVOT (L)
DO 135 LI=1sN

IF(LI=TCOL) 214135,21
T=A(LLI+TCOLY
A{LTI«ICOL)=0,
00 A9 L=]sN
ALLT 9L ) =ALLTsL)=A(ICOLLI*T
IF (M) 135%+1354+18
DO 68 L=alsM
BILTol)=B(LTIsL)=B{ICOLsL)*T
CONTINUF
N 3 I=1.N
LaN=Te+]

IF (INDFEX{Lal)=INDEX(LS2)) 1943419
JROW=INDEX (v 1)
JUOL=INDEX (L +2)
NO 949 K=lsN

T=A(K e JROW)

A{K e JROW)}=A(KsJCOL)

ALK JCOL) =T
CUNT INUE
CUONT INUE
HETORN

END

NO OIAGNOSTICS,
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TTDSM: Tape Transport Dynamic Simulation Model

/
/ ‘Reel Card /
/ - /

~4

Capstan Card

Tape Card

Head Card

Tape Card

/If/ Capstan Card

Tape Card

Idler Card | W

Tape Card

Reel Card N

Tape Constants Card

Control Card

Figure E3 - Simulation Model Input Data Cards

E-13




CONTROL _CARD

Code Nomenclature Field Format Units
DELT Frequency Step Size 1«10 E10.5 Rad/Sec
TMAX Stop Time 11-20 E10.5 Sec

AMT Tape Length 21-30 E10.5 Feet

EC Error Criterion 31-40 E10.5 Rad/Sec
SF Starting Frequency 41-50 E10.5 Rad/Sec
N Number of Frequency 51-33 I3

K Number of Data Sets 54-56 13

IsCl Switch 1 ' 57-59 I3 Note 1
Isc2 Switch 2 60-62 _

FS Frequency Interval  63-72 E1C.5 Rad/Sec
FL Maximum Frequency 73-80 E8.3 Rad/Sec

Note 1: ISCl = 1 for natural frequency calculation

ISC1 = 3 for linear forced response calculation
' TAPE_CONSTANTS CARD

Code Nomenclature Field Format Units

DENST Tape Density 1-10 E10.5 1b/in

MODET  Modulus ofElasticity 11-20 E10.5 lb/in

THKT Thickness 21-30 E10.5 in

WTHT Width 31-40 E10.5 in

' Tape Velocity 41-50 El10.5 in/sec



REEL, CAPSTAN, AND IDLER CARDS

Code Nomenclature Field Format Units

J Next Element® 1 I1

AJHUB  Inertia, total 2-10 E9.4 1b/in/sec?
(hub & tape)

RHUB Radius (pack or hub) 11-19 E9.4 in

FDRAG Drag Coefficient 20-28 E9.4 lb/in/sec

TS Torque Perturbation  29-37 E9.4 in/1b
(sine) '

TG Torque Perturbation  38-46 E9.4 in/1b
(cosine)

AKD*%* Flux 47=55 E9.4

RA%* Resistance 56-64 E9.4 Chms

VA** Voltage 65-73 E9.4 ~Yolts

M Linear Subroutine 74 I1
Code o

NA Perturbation Ratio 75-77 I3

% Next Element Code. Each of the following input cards re-
quires a "next element' code to inform the computer of what
type of datd is to be read from the following card. The
following integers are entered in the first data field
column "J". ‘

Enter J=1 to end reading
Enter J=2 if next element is a reel
Enter J=3 1f next element is a capstan
Enter J=4 if next element is an idler
Enger J=5 1f next element is a head
Enter J=6 if next element is a tape
Enter J=7 if next element is a reducer
The program assumes that the first card after the control
and tape constant cards will be a reel.
*% Equal to +0.0000 + 00 for idlers

Flux = aJKT K

B
torque sensitivity Qigégé)

back EMF QEELE%QEEE)

where:
Kr

x:
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TAPE CARD

Code Nomenclatuxe Field Format Units
J Next Element 1 11 _
TLL Tape Length 2=-10 E9.4 - in
M ' Linear Subroutine Code 11 I1
CH Head Constant 12-20 E9.4 1b/sec/in
HEAD CARD
Code Nomenclature Field Format Units
J Next Element 1 I1.
FO Static Friction 2-10 E9.4 1b
Fl Dynamic Friction - 11-19 E9.4 1b/sec/in
CNN Dynamic Friction (y) 20-28 E9.4
M Linear Subrouting 29 Il
Code

LOW _SPEED CAPSTAN REDUCER

Code Nomenclature Field Format Units

J Next Element 1 Il

BJHUB  Inertia 2-10 E9.4 1b/in/sec
GR Gear Ratio 11-19 E9.4 C:1
BFDRAG Drag Coefficient 20-28 E9.4 in/1b/sec
BKD Flux 29-37 E9.4

BRA Resistance 38=46 E9.4 Ohms



Example Response Problem

The use of this computer program, TTDSM, is illustrated
for one specific problem involving the five year high reliability
tape transport. Figure E-4 shows a schematic figure of the
transport with its dynamic properties. The disturbing forces
are generated from eccentricities in the idlers and capstans.

- The first example is the calculation of the natural frequen-
cies of the system. The input data for the natural frequency
calculation is shown in Figure E-5 as computer printout. All
input data is always printed out prior to computation. The
natural frequencies are obtained through a searching technique
and therefore, the initial step size (delta) should be larger
than 5.0 rad sr:zc:'1 and the starting frequency must be greater
than zero. The searching technique ends either after the set
number of frequencies or on the maximum frequency, while the
error criterion is used to determine the natural frequency
accuracy span. It should be noted that in these examples the
tape mass is included and modeled in terms of an equivalent low
inertis idler in the center of each system element. The result-
ing output data is shown in Figure E-6 where the natural frequency
is given in hertz and the mode shape (theta) in radians.

The second illustrated example is that of the steady state
vibrational response. The input data for this caleulation is
given in Figure E-7. Here the forcing frequency (a single fre-
quency forcing function is allowed per data ;et) is shown as
ST.FREQ., the damping constant on each mechanical component as
DRAG COEF, and the forcing function amplitudes (sine and cosine
components) to obtain proper phasing, if required, as PERT TORQ.
Again, the tape mass is modeled in terms of a equivalent low in-
ertia idier'ih the center of each system element. The output
data shown in Figure E-8 tabulate the response (i.e., displacement).
at each component.in the trénspbrt;in.terms of amplitude and
phase angle;iTheSe data also show the rms vibration velocity of
each element of the transport.
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Tape Data:

L = 1500 ft.
E = 650000 psi
t = 0.00112 in.
W=1.0 in.

J = 0.0466 lbyin.sécz
R = 3.375 in.

J = 0.01085

R =2.0 in.

&
<
Wy
J = 0.00012
R = 0.‘75" (A}
5.2
0 L ‘
- ‘ R = 0.625" J = 0.00012
o , R = 0.75"
1%
X |
J = 0.000%2
R = 0.625 7.52"
ky ky ky Kk, k5 T K6
M faad Mo baaad M3 laanvea] M A s b Mg
Head

Reel Idlier Capstan Capstan Idler. . Reel

Figure E-4 TRANSPORT DYNAMIC PROPERTIES
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61-%

Figure E-5

System Frequency Calculation Input Data

TCONTROL INPUT DaTAa

DELTA= ,50000+01 T Maxs 10000400 AMI L TAPE= 15000404 - ERRON CRITe= ,10000+01 ST.FREQE 4000040}
NOLFREQ=s 6 NOLSETSs 1 sC1= 1 sctzz 0 FREQ«INT«= 00000
MAX FREQUENCY= ,400+04 '

TAPE INPUT DATA ) ‘ '
DENSITY=®E +66000=01 MODELST= - .65000+086 THE. TAPE= ,11200-02 WTH.TAPE= 10000401 TAPE VEL= ,30000+01

TAPE TRANSPORT INPUT DaTA

REEL+CODE=6 INERT,HUB= ,10B5-01 WH.HUB= L,2000¢01 DRAG COEF= ,3820-02 PERT.TORG(S)= 0000 PERT,TORG(C)Y= 0000
FLUXS 5880401 RESIST= .6000+02 VOLTS= ,0000 PY.CD=1 HNa= 1

TAPE.CODE=4 TAPE ILGTH= 42715401 PT.CD=1

IDLER+CODE=6 INERT.HUB= ,2183-06 R,HUR= ,1000+01 ORaG COEF= 0000 PERT,.TORQ(S)= 0000 PERT.TORG(CI= 0000
PT,.CO=1 NA= 1 | ‘

TAPE+CODE=4 TAPE LGTHz .2715+n1 PT.CD=]

IDLERSCODE=S INERT HUR= ,1200=03 R.HUB= ,7500+00 DRAG COEF= .6560~03 PERT.TORQ(S)= .5970=04 PERT,TORGIC)w +8000~04
PT.CO=)1 HNA= 1

TAPE+CODE=4 TAPE LGTH= ,2685+0) PT,CD=l

IDLER+CODE=6 INERY.HUB= ,2183-06 R.HUB= +1000+«01 DRAG COEF= 0000 PERT.TORQ(S)= ,0000 PERT,TORG(C)= ,0000

PT.CD=1 Na= 1

TEAPESCODE®3  TAPE LGTH= »2695+01 PTeCD=1

CAPSTAN.CODE=S INERT,HUB= ,1200-03 R,HUB= +6250+00 DRAG COEF= ,5800~03 PERT.TORA(SI= 20000 PERT.TORGIC)= L0000
FLUX= ,1040+01 RESIST= (4000402 VOLTS= ,0000 PT.CD=1 NA= 1

TAPE.CODE=4 TAPE LGTH= .2285+0]1 PT.CD=]

IDLERCODE=6 INERT.HUR= ,2075-06 R.MUB= ,1000+01 DRAG COEF= ,2000-02 PERT,TORG{5}= L0000 PERT,TORQ(C)= ,0000
PT.COs1 NAZ 1

TAPECODE=3 TAPE LGTH= .2285+01 PT.CD=l

 CAPSTANJCODE=6  INERT.HUB= ,1200-03 R.HUB= +6250+00 DRAG COEF= ,5B00~03 PERTTORG(S)= L0000 PERT.TORQ{CI= 0000

FLUX= .1040+01 RESIST= 44000402 VOLTS= +D000 PT,CD=1 NA= 1



0Z-4

TAPESCONE=4 TAPE LGTr= J3760¢0} PTL.CD2]

IDLERWCODE=6  INERTHUus L,2183=06

ReHUA= L10004+01 ez COEF= L0000 PERT,TURG{S}= 0000
PT.CO=1  ~As '

TAPESCODE=4 ~TAPE LGTH= .3T60+D} PT,C0=1

IDLERsCODESE INERT.HUR= ,1200-03 d.HURS ,7500+00 DRAG COEF= +6380~03 PERT,.TORLISI= L0000
PT.CD=1 Na= 1

TAPESCDOE=4 TAPE (GTH=z ,2140+0] PT.CO=]

IDLERSCODE=6 INERT.HUR= ,2183-06

DRaG COEF= 0000
PT,LD=1 Na= 1

ReMUB= ,1000+01 PERT,TORG(S)= 0000

TAPE +CODE=Z TAPE LGTH=s ,2140+01 PT.CD=]

REEL+CODE=1 INERT,HUB= .4b6560=01 R,HUB= .3375+01. DRAG COEF= .3B20=0¢

PERT.TORQ{S}s L0000
FLUX=s 5880401 RESIST= 4000402 VOLTS5= ,0000 PT.CO=1 Nazs ]

Figure E-5 Continued

PERTSTOHG (Cle L0000

PERT.TORQ{Cl= ,0000

PERT.TORQIC)I= L0000

PERT.TORGI(Cl= Q000



 Figure E-6. .
Frequency Calculation Output Data

" NATURAL FREQUENCY NO. "1 = ,20034+02 HZ -

NATURAL FREQUENCY CALCULATION

STATTON THETA (RAD) TORQUE ( IN=L,B)
1 «5000+00 £0000
2 «8397400 < 4298+402
3 - «9059+00 $ 6298402
4 «5118+00 < 4528402
5 «55074+00 W 4528402
6 1968400 04695402
7 ¢ T909=01 4696402
A -.1943+00 L46720402
9 = 5841400 6720402
10 =.5725+00 W4571402
11 . 2094400 4571402

. E-21



Figure E-6 NCdntinﬁed'
" NATURAL FREQUENCY NO, "2 = ,72654¢02 HZ .~

NATURAL FREQUENCY CALCULATION

STATION

THETA (RAD).

_TORQUE (IN=LB)

1 «5000:00 0000
2 =-,1108+01 . 565303
3 - 4288+01 .5652+03
4 -, 4779+01 24222403
S =41015+02 L 6220+03
6 -o6392+01] «1606+02
T . *e1031+02 . 1578+02
A -, 4393+01 e 3966+03
9 -431254+0) -,3968+03
10 =,8711+00 -, 5010%03
11 «17B3+00 =, 5010+03

E-22



Figure E-6 Continued
NATURAL FREQUENCY NO, "33 [15069+03 HZ =

NATURAL FREQUENCY CALCULATION

STATION THETA(RAD) TORQUE ( IN=LB)
| 5000400 - 0000
? -.8069+01 2432404
3 -, 2284+02 . 2430¢04
4 -.1400*02 ‘.8462‘03
5 -s 1737402 -,R4894+03
6 1192401 -.3835+04
T «2118+02 -,3838+04
8 .1423¢02 -.1923+03
9 2028402 -.1895+03
in « 7217401 2720404
11 =e2316400 2721404

- E-23



Figure E-6 Continued

" NATURAL FREQUENCY NO, & = 415142403 HZ "~

NATURAL FREQUENCY CALCULATION

STATION

[y

— D 0T NP R W

- THETA(RAD}

«5000+00
-.1363402
-, 3T76T+02

-,1049+02"

-1167*02
»1219+02
22733202
-.1408+02
~.6030+02

- 2192402

4146400

TORQUE (IN={.8)

.0000 "
« 3924404
» 3920404
=, 4799404
'04802*04
F.1562‘04
".1558‘04
603a4+04
+6030+04
-, 7927404
-, T934+04

E-24



' Figure E-6 Continued
NATURAL FREQUENCY NO. 5 = ,21525+03 HZ'

NATURAL FREQUENCY CALCULATION

STATION THETA(RADY = TORQUE {IN~LB)

| ' «5000+00 .0000
2 =, 1750+02 «4961+04
3 -y 4797402 «4954+04
4 2347401 -,9085+04
5 . «50064+02 -,5086+04
é +4626+01 «8495+04
7 =.3527+02 +849T7+04
8 -.19554+01 -,3889+04
9 2418402 ~,3890+04
10 «HT6G¢0} +3187+04
11

=,1805+00 +3190+04

E-25



Figure E-6 Continued
' NATURAL FREQUENCY NO. "6 = ,7889540¢ HZ

 NATURAL FREQUENCY CALCULATION

STATION THETA(RAD) TORQUE (IN=LB)
1 «5000+00 . 0000
2 -, 2486405 «6665+07
3 "el711402 -, 6669+07
4 - 2076403 ¢ 5954+ 05
5 =e25244+02 =-,518]1+05
6 13?53‘05 -|1196‘08
7 W 2602+05 «T1T4+07
R -, 5855+08 o1136+11
9 «6014+08 -, 2007+11

10 -y 6940¢]) «2363+14
11 - ,BT715¢10 -, 1360+14

E-26
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Figure E-7
System Response Calculation Input Data’

CONTROL INPUT DATA

DELTA= .50000+01 T maXs ,70D000+00 AMT L TAPE= .15000+04 ERROR CRIT.= L13000401 ST.FREQ= .40000+01
NOLFREQ= ] NOLJSETS= 4 5C)1= 3 sce= ¢ FREQ«INT = 00000
MAX FREQUENCY= ,200+04 -

TAPE INPUT DATA
DENSITY= .66000=0] MUDLELST= .65000+06 THK.TAPE= .11200-02 WTH.TAPE= .10000+01 TAPE VEL= »310000+01

TAPE TRANSPORT INPUT DaTa
REEL CODE=6 - INERT,AUB= ,1085=01 R.HUB= .2000+01 ODRAG COEF= .3820-02 PERT,TORGIS)= ,0000 PERT,TORQIC)I= L0000
FLUX= ,5BR0+01 RESIST= 6000402 VOLTS= L0000 PT.CD=1 Nas ]

TAPEWCODE=4 TAPE LGTH= ,2715+01 PT.CD=1 HEAD COEF.= 0000

IOLER.+CODE=6 INERT,.HUR= ,2183-06 R.HUB= ,1000+01 ODRAG COEF= ,0000 PERT.TORQISI= + 0000 PERT,TORQ(C)I= ,0000
PT,CO=} Naz= 1]

TAPECODE=4 Tnﬁk LGTH= 2715401 PT.CO=]1 HEAD COEF.= .0000

IDLER+CODE=6 INERT.HUB= .1200-03 R.HUB= .7500+00 DRAG COEF= .69560-03 PERT.TORQ{S)= ,5970=04 PERT.TORQ{C)=. ,8000-04
PT,CO=1 Na= 1 :

TAPE+CODE=4 TAPE |GTH= ,2695+01 PT.CD=1 HEAD COEF.= ,0000

IDLERsCODE=6 INERT.HUE= .2183=06 R.HUB= .1000+01 DRAG COEF= .0000 PERT.TORQ!S) = L0000 PERT,.TORQIC)= ,0000
PT.CD=]1 Na= 1

TAPECODE=3 TAPE LGTH= .2695+01 PT.CD=1 HEAD COEF,= ,0000

CAPSTANGCODE=6 INERT,HUB= ,1200-03 R,HU3= .6250+00 DRAG CDEF= «5800-03 PERT,TORQ(S)= .0000 PERT,TORGIC)= 0000
FLUXm ,10640+0)1 RESIST= .4000+402 VOLTS= ,0000 PT.CD=] Na= |}

TAPE+CODE=4 TAPEVLGTH= 222085+0) PT.CD=)] HEAD COEF.= .0000

IDLER:CODE=6 INERT.HUB=Z ,2075-06 R.HUB= L1000+01 DRAG COEF= ,2000-02 PERT.TORQ(S)= ,0000 PERT.TORQIC)I= L0000
PT.CD=] Naz 1

TAPE+CODE=3 TAPE LGTH= 2285401 PT.COzl HEAD COEF.z= .0000

CAPSTANCCODEeS INERT,HUB=E .1200«03 R.HUB= ,6250+400 DRAG COEF= ,5800-03 PERT.TORQ(S)= 0000 PERT.TORG{C)= ,0000
FLUXS (104040} RESIST= .4000+402 VOLTS= 0000 PT.CO=1 NaA= ]



8¢-1

TAPE « CODE=4

10LER+CODE=6
PT.CD=1

TAPESCODE=4

IDLERCODE=6
PY,CDx}

TAPECODE=S

IDLER.CODE=6
PT.CD=1

TAPE«CODE=2

REEL +CODE=1

FLUX= ,5880+0)

TAPE L6TH= .3760¢a1 PT.CD=]

INERTHUB= ,2]183-06

R.HUB=
Na= 1 '

TAPE LGTH= ,3760+01 PT,.CD=ul

INERT HUAE ,1200-03
NA= )

R.HUB=

TAPE LGTHz +2140+01 PT.CD=]

INERY HUB= ,2]183=-06 R,HUB=
NA= )
TAPE LGTH= ,2140+01 PT.CO=]

INERT HUB= ,4660-01
RESIST= .6000402

R.HUB= ,3375+01
VOLTS= L0000

HEAD COUFF.=z 0000

+1000+40) DRAG COEF= L0000

AEAD COEF.= 0000

»T500+00 DRAG CQEF= ,6360-03

HEAD CPEF.= ,0000

+1000401 DRAG COEF= ,0000

HEAD COEF.= .0000

PT.CO=] Na= 1}

DRAG COEF= ,3820-02 PERT.TORQISI=

PERT,.TORRI(S)= 0000
PERT.TORG(SY=z G000

PERT,TORQ(S)= ,0000

0000

Figure E-7 Continued

PERT,.TORQ{Cl= ,0000

PERT,TORQIC) =

PERT.TORQIC)=

PERT.TORO(C}=

« 0000

0000

0000
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SET NO,.

T ELEMENT

o

ELEMENT

ELEMENT
ELEMENT

ELEMENT
ELEMENT

ELEMENT
ELEMENT

ELEMENT
ELEMENT

ELEMENY
ELEMENT

ELEMENT
ELEMENT

ELEMENT
ELEMENT

ELEMENT
ELEMENT

ELEMENT
ELEMENT

ELEMENT
ELEMENT

1 RESPONSE OUTPLY

No.
NO,

Nol
Nu.

NO.
NO,

NO.
NO,

NO.
NO,

ND.
NO,

Nol
NOD,

NO,
NO,

NO,
NO,

NO.
NO,

NO .
NG,

L ] N o

o

o0 o= =4

11
i2

13
14

15
by

17
18

19
20

2l
22

RESVUNSE=E ,006000 TNCHES

RESPONSE= 4234630=15 IHCHES RESPONSE
RESPONSE= .00000 INCHES
RESPONSE=-.BBB18=15 INCHES .  RESPONSE
RESPONSF= ,00000 INCHES '
HESPONSE ==, 35527~14 INCHES RESPONSE
RESPONSE= ,80000-04 INCHES
RESPONSE=e, 1 TT64=14 INCHES RESPONSE
RESPONSEE »78063<17 INCHES

RESPONSE= .11102-14 INCMES RESPONSE
RESPONSEs~.20126-05 INCHES
RESPONSE==,35359-06 INCHES RESPONSE
RESPONSE= »17764=14 INCHES
RESPONSEe-411315=05 INCHES RESPONSE
RESPONSE= +00000 INCHES

RESPONSEz 00000 INCHES RESPONSE
RESPONSE= ,00000 INCHES

RESPONSE= 400000 INCHES RESPONSE
RESPONSE= ,00000 INCHES

RESPONSEz 400000 INCHES RESPONSE
RESPONSE= 400000 INCHES

RESPONSE= .00000  INCHES RESPONSE

Figure E-8

AMPLITUDE=

AMPLITUDE=

AMPLITUDE=

AMPLITUBE=

AMPLITUDE=

AMPLITUDE=

AMPLITURE=

AMPLITUDE=

AMPLITUDE=

AMPLITUDE=

AMPLITUDE=

«23430-15

+B8B18-15

+35527=-14

«B0000~0D4

e11103-14

«20434-05

»11315-05

»00000

«00000

«00000

«000400

INCHES

INCHES

INCMES

INCHES

INCHES

INCHES

INCHES

INCHES

INCHES

INCHES

INCHES

Response Output Data

PHASE=
PHASE=
PHASE=
PHASE=
PHASE=
PHASE=
PHASE=
PHASE=

PHASE=

‘PHASE=

PHASE=

+»0000

«0000

'105708

£0070

1,3969

-+ 0000

20000

+0000

+0000

«0000

RAD,
RAD.
RAD.
RAD,
RAD.
RAD.
RAD.
RAD,
RAD.
RAD.

RAD.
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APPENDIX F
CONTROL SYSTEM ELECTRONICS
DESCRIPTION

SPEED CONTROL SYSTEM

Speed-Capstan Drive Servo

The schematic diagram of the speed control panel is shown
in Figure F-1. Operational amplifier A401 (Fairchild type
HA748TC) sums the velocity-ccommand voltage, "ic (from Figure
F-3), and the measured-velocity voltage, X (from Figure F-2),
~ via R401 and R402,respectively, to serve as the comparator; and
also functions as the augmenting integrator by virtue of its
feedback through R406 and C405. At frequencies above 70 Hz
(established by R406 and C405), the voltage gain of this ampli-
fier from either ﬁ or “ﬁc (each of which has a scale factor of
100 millivolts per inch/second of tape speed) to pin 6 of Q401
is «47; while at frequencies below 70 Hz, the magnitude of
this gain varies inversely with frequency. The output of Q401
is applied via relay contact K40lA (to permit turning off motor
drive in standby mode -- see section 2.2.5 Vol., II) to R410 which
provides means for adjusting the servo loop gain over a range of

about 20 dB,

Operational power amplifier Q410 (Inland Controls model
IC-50) is connected as indicated in the basic circuit of
Figure F-10 to form a transconductance amplifier. The motor
armature is connected between pins 12 and 24 of J401, R422 is
the current-sensing resistor, R419 is the feedback resistor,
and R412 is the input resistor. The overall "gain' or trans-
conductance of this amplifier from its input voltage at the
wiper of R410 to motor current is <0.347 amps/volt. For the
motor's (Magnetic Technology model 1937-050~115) nominal torque
constant of 10.4 oz-in/amp, this gain translates to -3.61 oz-in/
volt. To make the net useful output torque of the motor propor-

I'T RESEARCH INSTITUTE
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tional to amplifier input voltage in the presence of bearing
and brush/commutator friction drag, a small offset input giving
rise to a torque equal to the drag torque is provided through
R418 and set with R417. Resistor R415 sets the peak amplifier
output current limit at about +0.595 amperes which, in turn,
limits peak motor torque to +6.19 ounce=-inches. Sensitivity of
meter M40l is set with R420 and R421 to produce an indication
of 500 pA (full scale) when the motor is developing a torque of
5 ounce-inches to facilitate direct reading of total torque.

Tachometer Processing (Figure F-2)

The frequency-to=voltage converter consists of a pulse
standardizer that produces two zero-based, stabilized-energy
pulses per cycle of A or B from the tachometer; and a low-pass
filter that extracts the average value of these pulses (which
is proportional to pulse frequency and, thus, capstan speed).
Pulse energy is stabilized to provide calibration stability,
and this is achieved by making the pulses rectangular and
accurately maintaining both pulse width and amplitude,

The A and B (inverted due to line-driving inverters on
transport -- see Figure F-8) signals from the tachometer
enter the prbcessing circultry on pins 6 and 24, respectively,of
J106. Due to the action of NAND gates Ql8B and Q18C (each 1/4
of type 74L00) and the input OR gate of monostable multivibrator
'Ql6 (type 74121), the latter is triggered on both positive and
negative transitions of B (or B) in the forward (record) direc-
tion, and of A (or A) in the reverse (play) direction. Each
time Q16 is triggered, it produces a positive=-going rectangular
pulse about 8 u seconds wide at pin 6. The width of this pulse
is directly related to the product of C30 and the sum of R31
and R32, and is essentially independent of the termperature of
Ql6 and moderate changes in supply voltage. However, the pulse
is not zero based (i.e., output amplitude between pulses is
not zero) and its amplitude is not accurately established, so

11T RESEARCH INSTITUTE
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the circuitry involving transistors Q30 and Q31 (each type
2N4126) is employed to impart these characteristics.

_ Between pulses, when the voltage at pin 6 of Ql6 is low,
the base voltage of Q30 is pulled sufficiently below the fixed
base veltage of Q31 (about +11 volts) that Q30 is turned on and
draws all of the current flowing through R36 and R37. As a
consequence, Q31 is cut off and there is no voltage developed
across R40 =~= thus providing the required zero base for the
pulses. During each pulse, when the voltage at pin 6 of Ql6 is
high, the base voltage of Q31 such that Q30 is cut off and all
of the current flowing through R36 and R37 is drawn by Q31
through R40 to develop a stable pulse amplitude of about 10
volts. This amplitude is inversely related to the sum of R36
and R37, and is essentially independent of moderate variations
in the characteristics of Q31.

The standardized pulses developed across R40 are passed
through a noniverting, unity=-gain active low=-pass filter
(Frequency Devices type 730BT-3) to obtain their average value.
Cutoff frequency of this filter in Hertz is 10,000/(Rz+5) where
R, is the resistance in kilohms of R43, R&44, R45, and R46.
Thus, with the 5.1-Kohm resistors used, cutoff frequency is
about 1000 Hz. The scale factor of the output voltage from the
filter is adjusted (with R31 and R36) to be 100 millivolts per
inch/second of tape speed (i).

The pulses developed across R40 are always positive,
regardless of direction of tape travel. Thus the signal out of
the filter also is always positive and proportional to the
absolute magnitude of tape speed, il. To provide the polarity-
sensitive speed signal, X, required by the speed-control servo,
the filter output is passed through an analog unity-gain inverting
amplifier employing Q33 (Fairchild type pA741TC) and relay con-
tact K30-C is used to select the proper signal polarity. Thus,
in the forward (record) direction, the relay is operated and

'fT RESEARCH INSTITUTE
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the filter output is used for i; while in the reverse (play)
direction, the relay is released and the inverter output is

used for i.

The polarity of the phase difference between A and B
tachometer signals is sensed with D=-type flip-flop Ql9B (1/2 of
type 74L74) which stores and reproduces at its pin=9 output
(F) the level of its pin-12 input (A), each time its pin-11
input (B) makes a positive transition. Thus its pin=9 output
(F) is high in the forward (record) direction, and its pin-8
output (F) is high in the reverse (play) direction. These two

outputs are used to drive (via transistors Q34, Q35, and Q36)
felaf K30 which, in turn, effects the polarity switching of the
X signal mentioned above, as well as several other direction-
related switching operations. A magnetically-latching relay
(Automatic Electric series HRM, cat. no., HF=26) is used for

K30 to provide the nonvolatile memory of direction required for
the power-off dynamic braking of the reel motors (see section
2.2.4.5, Vol. II).

Although fllter Q32 effectively attenuates the pulse-rate
ripple in the X signal at even the minimum operating tape speed
of 3 inches/second, the ripple becomes quite large at lower
speeds. To prevent these high-ripple levels from entering the
speed-control servo, the i output from K30~C is switched off
by relay contact K31=-A whenever tape speed magnitude is below
about 1.6 inches/second. This relay contact also is used to
prevent the wrong polarity i signal from being applied to the
servo {(which would result in positive feedback) even brlefly
when K30 is changing state.

The state of K30 is sensed with its contact K30=-A which
gives rise to a high output (Fr) at pin 8 of inverter Q12-F
(1/6 of type 7404) when K30 is latched (operated), and a high
output (Br) at pin 6 of inverter Ql2-E (1/6 of type 7404) when

IIT RESEARCH INSTITUTE
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K30 is released. These signals are compared with sensed-direction
signals F and F in NAND gates Q4A, Q4D, and Q4B (each 1/4 of type
74L00) to yield a signal to pin 6 of Q4B that is high only when the
relay state corresponds to the actual direction. Retrlggerable
monostable multivibrator Ql7 (type 74L122) and D-type fllp-flop
Q19A (1/2 of type 74L74) are combined to form a frequency or pulse-
rate threshold detector, which produces a high output (V;) at pin 6
of Q19A only when the input pulse rate (from pin 6 of Ql6) exceeds
about 2000 per second. This threshold corresponds to a tape speed
of 1.57 in/sec, and is set with R65. Finally, NAND gate Q4C (1/4
of type 74L00) combines the V, and K30-state-verification signals
to cause K31 (G.B. 821C-6 reed type) to be operated (via inverter
Q7C and transistor Q37) only when K30 is in the proper state and
tape speed is greater than about 1,6 inches/second.

Speed-Command Generator (Figure F-3)

Speeds in the slow and fast ranges are selected by manually
setting the panel-mounted variable resistors R84 and R81, respectively.
In the record mode, relay contact K1-D is operated and applies +15
volts to one of these two resistors, depending on which speed range
is selected with toggle switch S8l. In the play mode, relay contact
K2-D is operated and applies -15 volts to only the fast-range
resistor, R81l. For a constant or slowly-varying voltage at the
arm of either R81 or R84, the three operational amplifiers, Q82,
Q83, and Q84 (each Fairchild type MA741TC) behave as a single
operétional amplifier to produce a proportional output voltage
(-X ) at pin 6 of Q84 (and pin 14 of J103 and J104). The voltage
gain is defined by the input summing resistors R82 and R85, and
feedback resistor R91. Thus, R84 permits adjusting the DC voltage
at pin 6 of Q84 from about -0.2 to -1.0 volts (record mode only) ;
while R81 permits adjusting this voltage from about -2 to -8.3
volts in the record mode and about +2 to +8.3 volts in the play
mode. The scale factor relating these output voltages (-ﬁc) to
speed is -10 in/sec per volt (or -100 millivolts per in/sec),
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where positive velocity is defined to be motion in the

record direction.

Operational amplifier Q84 is connected as a unity-gain
inverter, so the output of Q83 is simply X with a scale factor
of 10 in/sec per volt. Operational ampllfier Q83 is connected
as an inverting 1ntegrator with a gain of -1/4 per second, so
the output of Q82 is ~X with a scale factor of 2.5 1n/sec2 per
volt., Thus the rate 11m1t of X c? OT the maximum tape accelera-
tion, is established by llmltlng the output voltage of QB2.

This action is performed by a pair of active feedback limiters
consisting of Q80, Q8l, and their associated components. Variable
resistor R88 permits adjusting the‘voitage limit of Q82's output
from about +2.4 to +10.3 volts, which corresponds to an accelera-
tion range of about =6 to =26 in/secz; while variable resistor

R94 permits adjusting the opposite-polarity limits over the

same ranges,

Operational amplifier Q85 (Fairchild type pA741TC) is con-
nected as a unity-gain inverting full-wave rectifier to provide
a signal approximately proportional to the absolute magnitude
of X (i.e., [x I) for use as a secondary 1nput to the reel-
drlve servos, Due to the 0.6 to 0.7-volt inherent threshold of
the diodes D84 and D85 (each type IN914), the output of Q85 is
linearly related to the magnitude of commanded speeds only for
speeds greater than +6 or 7 inches/sec, and is zero for lower

_speeds.

TENSION CONTROL SYSTEM

Reelerive Servos

When switch 5201 (having three poles: S201A, S201B, and
8201C) is is position F (see Figure F-4), the circuit configuration
is that of a Tension-Control Servo which operates as follows.

QOperational amplifier Q201 (Fairchild type LAT741TC) sums

the primary and secondary tension-command voltages (adjusted
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with R205 and R201 respectively), and the measured-tension
voltage, -F, via resistors R202, R203, R206, and R210 to serve

as the comparator; and also functions as the integrator by
virtue of its feedback through C206 (and €205). The voltage
gain of this amplifier from =F to the junction of R212 and R214
is unity (with =90° phase shift) at 8 Hz,and varies inversely
with frequency. Diode D201 is employed to prevent Q201 from
ever developing a positive iﬁput (corresponding to a negative
torque command) to the power amplifier Q202; and diode D200
simply prevents Q201 from saturating when D201 is not conducting.,

Operatiocnal power amplifier Q202 (Inland Controls model
IC=5Q0) is connected as indicated in the basic circuit of Figu
ure F-5 to form a transductance amplifier, The motor armature
is connected between pins 12 and 24 of J201, R225 is the current-
sensing resistor, R221 is the feedback resistor, and R214 is the
input resistor. The torque-command input voltage (at junction
of R212 and R214) for this power amplifier normally is produced
by Q201l, but a minimum input limit is established by R212 and
the setting of R213 to provide a small residual torque and tape
tension in the standby mode when the output from Q201 tends to
go to zero. The overall "gain'" or transductance of the power
amplifier from its input voltage at the junction of R212 and
R214 to motor current is -0.110 amps/volt. For the motor's
(Magnetic Technology model 3000B=-065-110) nominal torque constant
of 39 oz-in/amp, this gain translates to =4.30 oz-in/volt. To
make the net useful output torque of the motor proportional to
amplifier input voltage In the presence of bearing and brush/
commutator friction drag, a small offset input causing a torque
equal to the drag torque is provided through R217 and set with
R216., Resistor R223 sets the peak amplifier output current
limit at about +1.47 amperes which, in turn, limits peak motor
torque to +57.4 ounce-inches. Sensitivity of meter M201 is set
with R226 and R227 to produce an indication of 500 pA (full
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scale) when the motor is developing a torque of 50 ounce-inches
to facilitate direct reading of total torque.

Output from the tension-sensing instrument, having a scale
factor of abcut 40 millivolts per ounce of tape tensicn, appears
at pin 13 of J201 and is amplified by operational amplifier
Q203 (Fairchild type 1A777TC). Gain of this amplifier is set with
R231 to produce a scale factor at its output (pin 6 of Q203) of
500 millivolts per ounce of tape tension. This signal is then
fed back to the power amplifier through C203 and R219 to provide
phase-lead damping, and is inverted by operational amplifier
Q204 (Fairchild type pA741TC) to provide the proper polarity
for closing the tension=control loop.

When switch 5201 is in position H, the circuit configuration
is transformed to that of an open-loop torque-control system by
disconnecting the feedback from the tension sensor (at cutput
of Q203) and changing Q201 to an amplifier by substituting R211
for C206 as its feedback impedance. 1In this torque-centrol
configuration, Q201 simply sums the primary and secondary
tension-command inputs to yield a proportional torque=ccmmand

voltage.

Tension-Capstan Control (Figure F-6)

Operaticnal power amplifier Q301 (Inland Controls Model
IC-50) is connected as indicated in the basic circuit of Figure
- F-10 to form a transconductance amplifier. The motor armature
is connected between pins 12 and 24 of J301, R310 is the current-
sensing resistor, R311l is the feedback resistor, and R302 is the
input resistor. The torque or tension-increment command input
voltage (at arm of S301) for this power amplifier is zero when
S301 is off, and is set with R30l when S301 is on. The overall
"gain'" or transcenductance of the power amplifier, from its
input voltage to motor current,is =0.055 amps/volt for the
motor's (Magnetic Technology Meodel 1937-050-115) nominal torque
constant of 10.4 oz-in/amp. This gain translates to -0.573
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oz=in/volt. To make the net useful output torque of the motor
proportional to amplifier input voltage in the presence of

bearing and brush/commutator friction drag, a small offset input
giving rise to a torque equal to the drag torque is provided
through R306 and set with R305. Resistor R308 sets the peak
amplifier output current limit at about -+0.595 amperes which, in
turn, limits peak motor torque to +6.19 ounce-inches. Sensitivity
of meter M301 is set with R313 and R314 to produce an indication
of 500uA (full scale) when the motor is developing a torque

of 5 ounce-inches to facilitate direct reading of total torque.

Tension-Command Exciter (Figure F-7)

Operational amplifier Q120 (Fairchild Type HA741TC) is
connected as an inverting amplifier with a voltage gain (from
junction of D120 and R120 to pin 6 of Q120) of -6.5. In the
standby mode when the tape is not moving, the input from Ql4A
is "low" (less than +0.3 volt), so due to the threshold of
D120, the input voltage to QL20 is zero and its outﬁut is zero.
On the other hand, in either the record of play mode, or in the
standby mode while the tape is still moving, the input from
Ql4A is "high" (greater than +2.4 volts), so due to the voltage
drop of D120, the input voltage to Ql20 is at least +1.75, and
its output voltage tends to go to at least =~11.4 volts. However,
zener diode D121 acts as a feedback limiter to hold the amplifier
output at -10 volts. By virtue of the input and overall feed-
back resistors R175 and R133 respectively, the three operational
amplifiers Q123, Ql124, and Q125 (each Fairchild Type UA741TC)
behave under steady-state conditions as a single operational
amplifier connected as a unity-gain inverter (gain trimmed with
R126) to produce an output, Vg, at pin 6 of Q125 which is equal
in magnitude but opposite in polarity to the output of Q120.
Thus, the steady-state values of Vg are either zero or +10 volts.

Operaticnal amplifier Q125 is connected as a unity-gain
inverter, so the output of Q124 is simply “Vp- QOperational
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amplifier Q124 is connected as an inverting integrator wigh a
gain of about -2 per second, so the output of Q123 is 0.5VF.
Thus the maximum rate at which Vp can change is established by
limiting the output voltage of Ql23. This action is performed
by a pair of active feedback limiters consisting of Q121, Q122,
and their associated components., Variable resistor R129 permits
adjusting the voltage limit of Q123's output from about +2.4 to
+10.3 volts, which corresponds to Vp rates from 4.8 to 20.6
volts/second; while variable resistor R136 permits adjusting

the opposite=polarity limits over the same ranges.

Drag-Compensation Exciter (Figure F-7)

Relay contact K30-B (Figure F-7) is operated when the
tape is moving forward, is released when the tape is moving
backward, and may be in either state when the tape is stationary.
Relay contact K1-E is operated in the record mode, relay contact
KZ2-E is operated in the play mode, and both K1-E and K2-F are -
released in the standby mode. Resistor R154, in conjunction with
either R151, R152, or R153, depending on the states of the relay
contacts, serves as the input resistor of operational amplifier
Q151 (Fairchild Type puA741TC) which is connected as an inverting
amplifier with a gain of -2/3. Thus in the record mode with the
tape moving forward, the effective input voltage (via R152) is
~15 and the output of Ql51, V,, is +10 volts:; in the play mode
with the tape moving backward, the effective input voltage (via
R151) is +15 and Vp is ~10 volts; and in standby, the effective
input voltage (via R153) is zero, so Vp 1s zero. Operational
amplifier Q152 (Fairchild Type pA741TC) is connected as a unity-
gain inverter to produce an output of -Vp-

Power-0ff Dynamic Braking

The power-off shorting action is readily provided by
normally-closed contacts on the main power relay, K170, but
since only the supply-reel motor is to be shorted and the tape
can be moving in either direction when power is lost, it is
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necessary to also have a nonvolatile memory of tape direction

to permit shorting, the proper reel motor. This memory is pro-
vided by using a magnetic~latching type relay (Automatic Electric
Series HRM, number HF-26) for K30, which performs all direction-
related switching. The power-off dynamic braking is provided by
relay contacts K170-E, K170-F, K30-D and K30-E connected as

shown schematically in the upper-right corner of Figure F-10.

Mode Control Svstem

A schematic of the mode control system is shown in Figure
F-8. Inputs from the left and right end-of-tape sensors appear
at pins 7 and 25 respectively of J106. Shunt capacitors Cl and
C2 suppress pickup in the cable of '"hash'" from the four DC drive
motors. Cascaded inverters Ql1B and Q110 (each 1/6 of a type
7404) in conjunction with positive feedback through R1 act to
"square up'" the output from the left end-of-tape sensor to pro-
duce standard logic-level signals TL and T;. Inverters Ql1A
and Ql1C with R2 perform the same function for the right end-of-
tape sensor to produce Tp and T~. Two-input NAND gate Q6D
(1/4 of a type 741L00) combines T, and T, to produce the TETE
signal which (via circuitry shown on Figure 2,2.13) electrically
locks up the main power relay under normal conditions, and shuts
off all power under abnormal conditions that cause TL and TR to
be high at the same time. Cross-coupled two=-input NAND gates
QlA and Q1B (each 1/4 of a type 74L0Q) form the left end-of-tape -
memory or latch, having outputs M; and EZ;'while Q3A and Q3B
(each 1/4 of a type 74L00) similarly form the right end-of=-tape
latch, having outputs My and ﬁE.

Record-mode relay Kl is energized by transistor Q26 and its
associated circuitry when the output from NAND gate Ql4C (1/3
of a type 74L10) is high; and play relay K2 is similarly
energized by Q25 and its associated circuitry when the output
of NAND gate Ql4B (1/3 of type 74L10) is high. When either of
these relays is energized, it is electrically locked up through
its driving logic by the signal (Rr and P. respectively) derived
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from its own F contact. Thus, pressing the normally-closed
standby push button, S3, in the relay supply line causes which-
ever relay is locked up to release,

Cross-coupled two=-input NAND gates Ql3C and Q13D (each 1/4
of a type 74L00) form the operate memory or latch, having out-

puts MO and MO‘ The latter output is combined with the K; and
P, signals in NAND Ql4A (1/3 of a type 74L10) to produce the
Rr + Pr +-M0 signal which drives the tension=-command exciter
(see Figure 2.2.10) directly, and relay K401 (via pin 18 of
J104) on the speed-control panel (see Figure .F-1) through

transistor Q27 and its associated circuitry.

Transport Circuitry

A complete schematic circuit diagram of the transport,
including the head, is shown in Figure F-9. Each of the four
motors is shunted by a 0.02uF disk ceramic capacitor to suppress
electrical "hash'" produced by the brush/commutator switching
actions. Inverters Q601C and Q601D (each 1/6 of a type 74R04)
are used as a line drivers at the outputs of the tachometer.
Shunt resistors R601 and R602, and capacitors C601 and C602 are
used on the outputs of these inverters to eliminate the effects
of cross coupling of the A and B signals in the output cable,
and to suppress pickup of "hash" from the motors. The outputs
of the two tension-sensing instruments are plugged into minia-
ture phone jacks J603 and J603 to facilitate routing these sig-
nals back to the main control panel via the cable plugged into

J601.
Power System (Figure F-10)

Diode D172 prevents the main power relay, K170,‘from being
energized unless the input supplies have the proper polarities,
while 20=-volt zener diode D171 prevents K170 from being energized
unless both input supplies are present. If the input supplies
are proper, pressing the '"on" push button, $170, will energize
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K170. When the relay operates, its K170-B contact applies +24
volts to the power amplifiers, the +15 volt regulator, Q180, and
the +5 volt regulator, Q185; its K170-D contact applies +24 volts
to lamps and other relays; and its K170-A contact applies =20
volts to the power amplifiers and the -15 volt regulator, Q190.
If the tape is in its proper position through the end-of-tape
sensors, transitor Q171 then will be immediately saturated, via
transistor Q170, by the high signal from Q6D (see Figure F-8)

to effectively shunt S170 and keep K170 energized when 5170 is
released (i.e. K170 becomes electrically locked up). With S170
released, K170 will release and remove all power if the signal
from Q6D ever goes low., The normally-cpen contracts Kl-A and
K2-A of the record and play relays respectively parallel the
normally=closed "off"” push button, S171, in series with K170 to
prevent the pressing of 8171 from releasing K171 in either the

record or play modes.

Resistor R180 permits setting the output voltage of regulator
Q180 to +15 volts, and R183 in conjunction with trahsistor‘Q181
sets the load-current limit at about 240 mA. Similarly, R191
permits setting the output voltage of‘regulator Q190 to =15
volts, and R190 sets the load-current limit at about 210 mA.
The 17-volt zener diodes D180 and D190, and the 6.2-volt zener
diode D185 do not conduct under normal conditions and serve only
to protect all of the semiconductor circultry connected to the
+15, =15, and +5 volt lines respectively from over voltage or
reverse voltage due, for example, to regulator failure or
inadvertent shorts between supply lines,
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