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The referenced memo gave the results of the skew experimental tests
performed on an existing model of the ERTS transport, Further skew
tests conducted under our I R & D Program on another transport with

a double capstan drive has yielded data with much less skew, The skew
measurements were made with the same seven track head used in the first
tests, but the center track (track L) was repaired to obtain an exact
center track, The same procedure described in the referenced mcmo was

" also used for the later skew tests., A 100 ¥Hz tone was recordecd on

five tracks simultancously. Playback was in the same direction as
the recording, The skew was measured using phase detectors where the
center channel was the 1CO KHz reference, TFigure 1 shows some of the
pertinent skew measurement results., The following table compares the
two tost results:

. A ' .
- ' ERTS Transport Model. T R & D Transport
Max edge to edge skew . - 160 microinches LO microinches
Max edge to center skew 100 microinches 30 microinches

Max non~lincarity relative A
to straight line from edgoe 10 microinches 3 microinches
to center of tape

With a bit packing dcnolty of 18.75 kbpi far the proposed recorder, the
bit length would be 53,3 microinches, Thus, all the channels would be
within +0,6 of a bit of tho center channel due to the dynamic skow alone,
Preliminary static skew tests conducted by playing back a day after the
recording was made have indicated that the edge chamnel can move as much

.as 80 microinchco referenced to the centor channel, Further static skew

tests must be conducted in order to determine the cause of this static
skew as it may be the test equipment or test procedure rather than the
transport or tape. ,
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The mest prominent dynamic skew rate of S1 Hz was due to the capstan drivo.
Tests wero conducted both with and without the flywheel to determine the
cffect of the flvwheel., Without the flywhocl, some low frequency skow

(= 3.5 Hz) was also present,

Finurc 2 shows three worst case dynamic skew samples. Samplc 1 was the

worst dynamic skew measured, Table 1 lists the skew and deviation from
lincar skew for these threc skew samples, Althouph the percent non-linearity
is high,tho actual dcviation from z lincar skew 18 low for an edge to

centor tracke

TMurther skew tests which will be conducted afez

1) Controllcd static skew tests,

2) Both static and dynamic skew measuremcnts under varying tempcrature
conditions, .
'
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APPENDIX B

ANGULAR MOMENTUM STUDIES,
OF COMPUTER RESULTS.

TABULATION
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UTE MOM,FOCR

LING:

LN o
wWJe

6.

6,308
.45
d.08
d.080
2.32
4.34d
4,43
2.33
0.23
2,33
d.30
.23
"].23
4.23
4.33
3,22
J.03
4.33
2.3‘3
é.40
.33
.95
3.95
3,55
J4.55
4.%5

DIMESSION C(1d), G(5)

C(1)=2

C(2)=.95 A

C(3y=1., . — _
C(4)=1,45 C-= E""Pﬁj el inlontice ‘/:»C/‘UY‘.
c{5)=1.! _ g o
Ciiltls XK= fape poschion /> XK>

c(m=1.2 X/\/ = reel M/W/J{'j ra dacs rectes

DO 52 J=1,7

XK=@ ' G = PAngulac momendim foetor
XN=l.2

DO 34 I=1,5

AZCCJIXCXN*K2 4], ) /(2 % (XN=1,))

BZ(XN#x2,=1 ) ((1,=XK)*42.)/2.  Angular wohatmtun, =G mSR,
D ((XN**x2,-1,)*%(] ,=-XK)+] ,)*%x,5

Ez(XN*%2,-1 )% (XK*x2,)/2, _ od Yap.
FoCOXN*%2 =1 ) kXK+] ) %%x,.5 ™ = mons of Pe
GCI)=(A+3+1 . -XK) /D= (A+E+XK) /F S = fape speacd

XNZ Xht, 2 .
CONTINUE R, = ermpty nel raddies
WRITE (6,48) C(J),XK,G

FORMAT (2F13.2,5F12,4)

XK=XK+.25

IFCl.-XK) 58,18 18

CONTINUE

STOP

END

Cbb(ﬁa,—rofaﬁfu;a 7?1/5

1101, FOR
XN
xK ,.l /-4 ,';é /-? 2‘0
8,38 1.8167 1.2571 1.1125 1.1778 1.253¢

2.25 2.9145 £.9523 2.5558 1.8586 1.1242
2,10 2.8125 2.8435 8.8877 2.9481 3.9587

2.15 @.7137 8.737%3 C.7783 e.8221 2.,8737
Q.20 24,6389 B.6319 B.6647 2.7043 2.7489
2.25 @,5273 8.5263 B.5536 28,5368 3.,6242

8.38 B.4257 B.4208 2.4427 2.4693 $.4994
2.35 €.3042 2.3155 8.3318 2.3519 €.3746
Q.40 g.2228 e.2133 g.2212 B.2346 0.24S83
2,45 B.1214 2.1351 2.,11C6 2.1173 2.124S
8.58 2.3343 2.2863 8.300¢0 a.22062 g.222¢
8.55 -3,1214 -0.1051 -2.,1188 =C.1173 ~-3.1249
g.60 -0.2228 -8.2103 -2.2212 -2.2346 -3.2493
2.65 -8.3242 -0.3155 -3.3319 -3.,3519 -2,374S§

s ]
-~

3.70 -0.4257 -3.,4208 0. 4427 ~3,4893 -2.4594

2,75 -3.5273 -3,52583 -3,5536 -3.,5368 -3,8242
¢.33 -0,6239 -3,631¢ -2.6647 -2.7343 -0,7489

2.85 -3,7137 -8.7378 -2,7782 -@.3221 -3,8737
2,94 -3.8125 ~3.8439 -8.8877 =3.9431 -3.,9537
.35 -3,9145 -3.9523 -3.995% -1,3536 -1,1243
1.3 ~1.0167 -1.8971 ~1.,1125 -1.1778 -1.2522
.33 2.,0528 3.3529 8.8556 2.3539 23,3625
B.a5 g.0427 0.8588 3.,8743 3.0947 3.1157
4,14 @.3456 d.3649 2.2841 2.1142 3.1544
4.15 8.2417 2.3598 B.2389 g.1213 3.,1819
3.23 3,2371 3.,3582 2.0839 3.118)5 2.1594

Bt i et



g AT ey s € el
‘*Wm\' AP VI iz k- w3 mp il A s

L 2. 25T T TTITASS PR 5.4783 NPEN 3.1453 et
2,95 3.32 3.4251 g.0423 2.6651 2.2534 23,1253
2,55 4.35 2.2159 3.3327 3.0512 22735 2.2935
4,55 3. 40 2.3134 3.,2224 3.,3352 3.,0525 2.3579
4,55 2,45 @.33683 4.3114 2.2179 2.4253 2.3346
2.35 2.5a 2.2233 0.2423 2.4323 d.5223 2.2233
3.95 2.55 =2.2063 -3.85114 =08,0179 -3.2253  -3,334S
3.95 2.63  -3.,2134 -3.8224  -3.,2352  -8.3536 -2,3579
3.355 2.65 -2.3139  -3.2327 -2.3512  -C,4735 . -2,0986
3.35 2.73  -3.4261  -0.0422  -2.35851 -0.2934 -2,1253
3.95 3.75 -8.2313 -2.8459  -23,8763 -3.1893  -3.1463
' 3.95 3.33  -0.2371  -3.,4562  -3.3335 -2.1189 -2,1594
2.95 3,85 -2.2417 -0,23553  -2,3369 -@3.1213 -3.161S
3,95 2.93 -@.2456 -3.3639  -2.,3341 -2.1142 -2,1584
2,55 2.95 -2,2437 -8.2538  =2,8743  -0,2547  ~2.1197
3.95 1,23  -3,2528 -@.2525  -0.2556 -2,353%  -3,05825
1.23 @.23 @.2333 3.3203 3.2922 2.0292 2.3322
1.23 3.25 3.2231 2.4119 3.3256 3.2435 2.3663
1,33 3.13 3,3353 2.61597 2.3418 @,3727 3.1357
1.33 @.15 @.2365 3,4241 2.2536 ¢.33245 2.1245
1,03 a.23 3.2272 3.0256 3.253% @.2%2% @.1233
1,24 3.25 2.32632 2,3248 2.,8512 3.3233 3.1211
1.44 3.33 2.3261 3.1322] 2.3452 3.3735% 2.1357
1.28 $.35 2.0249 3.2178 3.4354 3.2539 3.2341
1,22 2.43 9.9335 2.0125 8.3254 @.24]2 2.3533
1,23 3.45 3.2313 3.4264 2.2133 @.a212 3.2258
1,20 2,5% 3.3323 2.2222 2.223¢C 2.2333 2.3233
1.39 .55 -2,3218 -3.2364 -2,3133  -2,2212 -2.3298
1,52 .63  -2.2335 -2,3125 -2,0254 -2,2413  -3,35%3
.29 2.65 -2.3345 -2,2173 -@,2364 -8.3539  -0.224l
, 1.33 @.72  -8,2861 -0,3221  -2.,3452  ~-3,8735 -3,1357
1.33 2,75 -3.,3368 -2.2243 -3,3512 -3.9338  -@,1211
1.23 .82 -3,3273  -3.3256 -3.353% ~-3,2383 -2.1283
1,20 2.85  =3.2385 ~F.8241  ~3.2536 =3.3345 -3.1245
1,22 8.92 -2.3853 -9.3197 =2.3418 -2,2787 -3,1357
1.23 @.95 -3,2231 -2,3119  -2.3256 -3,2435 -2.3663
1.23 1,00 -3,2962 -2.3033 -3.333¢ -2.3223  -3.3233
1.35 .23 -2.3538  -2.,2525  -3,2556 =3,953S  -4,3625
1.05 2.35 -3.,2424 -Q,235] -@,2232  -0,3358 3.2143
1.35 3.12 -3.,4351 =-2,3215 -3,3335 2.3273 73,3611
1.e5 @.15 -2,3287 -2.8116 3.2143 32,3476 32,9373 : =
1.45 2.20 -2.8231  =-3.8247 3.4227 2.3572 3.357% - ;
1.35 3.25 -2.d182  -3,3343 2.3251 2.3537 3.2560 - R
1,35 2.32 -3.8135 g.3221 2.3254 2.2538 @.2263 ;
) 1.45 3.35 -3.8122 2.3433 32,9216 3.,2442 3.9696 e
. 1.2 3.43  -2,3365 2.2226 2.9156 3.9313 3.2483 f
1.35 8.45 -2,3332 2.3215 3.31382 3.3162 3,3251 e
1.25 3.53 2.,9223 2.3233 9.3223 3.0033 2.31232 :
1.35 2.55 ¢.2332 -3.2215 . -3.3332 -2.3162 -2,325]
1.25 2.69 3.,3365 -3,.3326 -3.3156 =6,3313 -3,3483
1.35 2.65 3.2128  -2.2232  -3,32156  -3.3442  -3.36896
1.5 @.7a 2.2139 -3.7221  -3.2254 -9,353%  -0,3863
1,35 3.75 @.2182 2.2233 -3,3261  -2,3537  -4,2553
) 1,285 3.30 2.2231 @.2347  -3.222 -3.3572  -3.2573
1485 2.85 3.3237 2.3116  -3,3143 -2,8478  -3,9373
{ 1.45 3.53 9.3351 3.,2215 2.8335 -3,2273 -3,2611 ——
. P 1.35 3,95 2.3424 @.3351 9.3232 2.5388 -2,2143 -
) 1,85 1.92 3,2523 2.4529 3.4556 @,2539 2.2525 ,
) 1.10 2.3 -8.,1317 -2.1257  -2.1l1l2  -3.117¢ -2.1253 e
. 1.13 J.25  -3,2333  -3,3822  =2.3719  -3,3575  -3.4329
) 1,13 2,18 -2.3754 -2.4627  -3,3423  -%.2152 3.2164
) 1.13 .15  -3.,3639  =3.%473  -3.2215 2.3137 3.2495
1,12 3,23 . -2.,d532  -3.3353  -9,3473 12,2254 3.3663
1,12 3.25  -@.2432  =3.4253 @.3419 3.3135 31,3713
1.14 @.32 -2.3335  -4.217% 4.3455 0.0343 3.3653
T .35  -2.3253  =2,3119 FIPTL: J.1296 3.3551
W_ —d BERGAS e R rcnatuae gl earia 2
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lola
1,14
l1.12
1.14
114
l.14d
1,149
1.13
.14
113
1.13
.10
.13
1.15
1.15
115
1.15
o145
1015
1.15
.15
fel5
115
.15
1.15
l.15
1.15
l.15
1.15

»! .‘1-‘ 'J zlub
3.45 ~-4,3232
3,54 J,2430
3.55 @.,4432
4,63 3.2165
4.65 3.4253%
2.72 4.,3339
.75 @.0432
@.34 3,4532
2.85 4.,2619
£,.,92 B.3754
2.95 32,3283
1,33 2.1417
@.,24 -2.1525
d.35 -2.1336
2.12 -3.1153
d.15 -3,7551
d.2¢ -3.3833
.25 -2.0633
2,33 -3,253%
8,35 -3.3448
3,43 -34.2264
B .45 -2,2132
3.53 4,0223
3.55 2.2132
8,64 23,0264
2.65 g,8403
g,72 @.3538
2.75 Q.3633
¢,89 3.0833
8.85 2.6591
£.53 g.1158
.95 2.1336
1.2¢2 3,1525
.42 -5.,2333
3.45 -3.1791
2,12 -3.1582
B.15 -3.1343
.29 -3.1134
9.25 -302935
3.39 ~3,3738
@.35 -8.354S
.42 -3.6364
'ﬁ'AS -902181
3.5¢0 23,2324
.55 2,313l
2.639 ¥,8384
2.65 3.35495
3.7¢ 0.3738
@,75 3.3833
2,33 2.1134
2.85 8.1343
4,94 3.1562
3.55 2.1751
.22 2,2333
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-3.,2234
B.,2424
U.2334
2.0473%
$.2119
4.,3178
3.5253
d.,2351
3.8473
2.,8627
a4.3gas
@.,1a57
-3.1586
-3.1289
-3.,1238
-2.,¢82S
-3.,2653
-2.2524
-3,33717
-2,32683
-3.,3172
-3.8984
£.3322
2.,2284
2.8172
@.2268
2,2377
2.3534
3.08653
B.2325
2.1239
1239
2,158¢€
-d.,2i14
-3,1758
=3.1451
-d.11586
-3,08956
-3 ,3755
-3,85717
-3.4417
-3.4271
-2.,4133
3433
9.2133
2.2271
3.3417
3.3571
£.3755
2.3956
2.1186
2.1451
3.1758
2.2114

u.é.ﬁsv
23,2033
A.0a213
-9.1%33
«d353
L.eZSS
0-"55
3,3212
Q 2473
J.2219
8.8423
22,8719
2.1112
-3,1689
-2.1238
Q.MUSI
.35382
-9.@384
-3.,08242
-23.,2144
-3,3375
-3.2043
-2,3418
3,303
3.3a16
2.3346
2.9379
g,3144
0,3242
8,3384
g.a582
3.4851
3.1236
0,189
-3.,2225
-3.,1893
-3,1273
-2,0945
-3,2652
-3.,08493
~3,8342
-3,3227
-g.,3138
-2,2365
3.8333
2.3285
@.21338
2.,3227
23,3342
3.0453
2,36972
3.2945
2.1273
23,1653
4.2225

-3.,8244
3.,3084
g.0142
3.23145
2.3118
32,3385
3.,0333

-3,32365

-3,0119

-3.,2149

-0.3142

-9.2284
@.3244
3.2262
2.2557
8.16383
32,1787

-3 02556

-3.1593

3.1031
3.4631

-4,2352

—9.3153

-3,3856
2.3333
@.2322
d.e2117
3.320732

-8.,3217

-3,R222

'9.3‘325
24,3356
c.2168
3.,2352
43,3631
13,1331
4.,1583
2,2356
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-3.5733
-3.4653
-2.3455
-2.23154

7.3339

3.1253
-3.1375
-2.95917

-3,2222

8.5121
2.2352
2.3457
2.3468
3.,2435
3.,3288
5.3155%
8,223
-2,8158
-2,2296
-3.,3425
-3.3466
-2,2457
-g.,2352
-3.9]2!
g.3222
3.,59117
2,127%
. 02532
-3.1446
-6.0729
-3.3254
22342
J.a_15
2.3269
3.,2253
23,3233
2.2138
3.233332
'G.Jl33
.32043
-2.5263
3259
-3.3235
-3.3242
22,2254
2.,3728
3.1446
2.,2533
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APEENDIX C
LIFE OF ANDCK C GREASE

The following documents are the correspondence between RCA and the Humble
Oil Co. on the life of the lubricating grease we piropose to use on the HEAO
Tape Recorder. For further information, refer to "The Bebhavior of Lubrica-
ting Oils in Inert Cas Atmospheres, '"by A. Beerbower: and D, F. Greene,
ASLE Transactions 4, 87-96, 1961, presented to the American Society of Lub-
rication Engineers at the Lubrication Conference bz1d in Boston.
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Do Sttleran ' 95
C. Ao “eBurney 6L
3431

Andok C Lubriceiing Greasge =-- HDRSS
Reference: Materials Fnjinuering mermo #1097, from C. 4. McBurney to . Eitleman/R. ldller,
rag: findok C /nti-FPriction bearing grease
Attached yon will find a letter from ¥r. X. A. Dunphy of liumble 0il and

Refining Co. which outlines our request to him for life expectance of the

lubrication life of this raterial in EDRSS. This letter confirms information

submitted in the ¢hbove nmentioned nemo,.

Attached alsc is a copy of an article from Humble 04l on some of the

parameters surrourding the use of lubricating p-oeases such as Andok C.

i £ e e /

C . /\. .liC L‘L‘J‘Iley ./".
Materials kngineering v

cAM/glb

_ecc: L. Caplan
R, ¥iller
Se 1. Rhodeside



HUMBLE OIL & REFINING COMPANY
PELHAM, NEW Y()RK.“)S()é

" MARKETING DEPARTMENT . i . . - HUTCHINSON RIVER PARKWAY
NORTHEASTERN ESSO REGICN

W M. EITCHER Februaly 20, 1967

INDUSTF.AL BUSINESS MANAG=#

Radio Corporation of America
Astro Electronics Division
Hightstown, New Jersey

Attention of Mr. C. A. McBurney
Gentlemen:

This Jetter will serve to confirm our recent telephone conversations
regarding the use of ANDOK C in space vehicle components. Our ANDOK
greases are formulated to provide outstanding service in anti-friction

- bearing applicasions subjected to most severc conditions. They have
been used by beuring manufacturers for many years as the factory fill
grease in sealed-for-life beerings. Further; many of our customers
allow anti-friciion bearings to operate in excess of five years with-
out relubrication.

The two factors which most greatly effect lubrication life of a

grease in a bearing are oxidation and evaporation of the base oil.
Since the bearings in question will be operat>d in a nitrogen-helium
atmospnere, oxidation will be no problem at all. ‘In a closed system,
eveporation should cause no major difficulties, since the process will
reach steady state conditions long before the lubrication performance
of the grease is impaired. Under tlLe conditions which you outlined,
ANDOK ¢ should have indefinite lubrication life.

For your information and reference, we are enclosing a data sheet on
our ANDOK line of greases, and & paper by A. feerbower and D.F. Greene,
of Esso Research & Engineering Compeny, entit.ed, "The Behavior of
Lubricating Oils in Inert Gas Atmospheres". .

we hope that this information is helpful; should you have any additional
questions, please feel free to call upon us.

Very truly yours,
SALES ENGINEERING.

Wity

K. A. Dunphy
ajt . -



HUMBI: OIL & REFINING COMPANY

PELHAM, NEWXW YORK 10203

MARKETING DEPARTMENT _HUTCHINSON RIVER PAR{WAY

NORTHEASTER!N REGION

MARKETING TFCHNICAL S<RVICFS December 29,. 1967

Mr. $. Halpern

Radio Corporation of America
Astro Electronics Division
Box 800 .

Princeton, New Jersey 08054

Dear Mr. Halpern:

This letter will serve to confirm your recent conversation with
A. Beerbower cf Esso Research & Engineering Company concerning the
use of ANDOK C in space vehicle tape recorder components.

Under the conditions outlined in K. A. Dunphy's correspondence of:

. February 20, 1367 to C. A. McBurney, the lubrication life of ANDOK C
was considered to be indefinite. But since we understand you are
interested ir the performance of this greas: under another set of
circumstances.. we are pleased to let you know ANDOK C will serve
your lubricati-n requirements in the followiag environment with no
difficulty:

~ atmospiteric pressure of 17 psig

-~ atmosp'ieric composition consisting of 72% nltrogen,
187% ox 'gen, and 10% helium

- temperature of 75°C B

~ 30% reiative humidity

- neglig.ble load between moving parts

In fact, since our ANDOK greases have been formulated to provide
outstanding service in bearing applications considerably more severe
than the conditions described above, you may look forward to a
lubrication li.'e in excess of four years, which we understand is the
minimum length of time you desire to operate your equipment without
relubrication.

We hope that this information is helpful; however, should you have
any additional questions, please feel free to get in touch with us.

Very truly yours,

'/ // //‘/‘uq’&-

ajt F. D. Marusi

- C-5
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CIRCUIT ANALOGS OF MECHANICAL SYSTEMS,
BASED UPON DIMENSIONAL ANALYSIS.



APPENDIX D

CIRCUIT ANALOGS OF MECHANiCAL SYSTEMS
(BASED UPON DIMENSIONAL ANALYSIS)

I. Magnetic Model (Vs) = (N9) or Weber turn (flux linkage) factored.
V = (Vs)* % = (Vs)- 5—‘29- , Voltage = Velocity x (Vs)
- W _ J _ Nm -
A= WSy T TUs) ’ Current = Torque/(Vs)
9=y - V¥ = Vs . ez L (Vs) * (Vs) ?
A W J Js Nm/1/s ! Nm/rad/s
Resistance = (vs) *
- Torque/Velocity
g=Vs_ Vs _ (vs)? _ (vs)® . _(Vvs)?
A W J Nm - Nm/rad '
Inductance = (vs) 2 :
Torque/radian
p - BAS _Ws _ J_ Nm.s®_  kgm? Capacitance = 11—(1%5)3%3
v 2oovE o (vs)? (Vs) 2 ' S
IT. Electric Model (As) or coulomb factored
W J Nm _
V = e — = —— -
N (As) (As) ' Voltage Torgque/ (As)
A — .
A = i§§l. = (As). zgé ' Current = Velocity x (As)
=Y - ® _ I . L .DNm . Nmrad/s
A AZ AZs (as)? 1/s ~ (as)? '
Resistance = Torque/Velocity
(As) ?
_ Vs _ Ws _ J _ Nm.s? _ kgm? - Inertia
_As _ A%s _ (As)? _ (As)? _ (ms)? : _ (As) 2
F=g =% = J T Nm - Nm/rad’ Capacitance = Torque/radian



Circuit Anaiogs of Mechanical Spring/Mass or Torque/Inertia Systems

T e
A. —_—
F ? /// ; ; X ’}
ﬁ —/ G0 2 ////, or / S
S o M
d d? do d2e :
= ax a x = av
F = S8Sx + p g T Mggz or T c0 + K ax T J Iz
alternately
_ . . d>.<_ o . . Sl_él
F = Sjpxdt + px + M ac or T = ojﬂedt + Ko + J I
B. Magnetic Model; Velocity = Voltage
—_—> i )
4\ é § | C
e L R
Y ]
. - L de
i L./.eélt + e/R + C 3t
. _ .. s 1 - 1
equivalents F or T= i, x or © Z e, S or ¢ = T p or K = R
M or J =
C. Electric Model: Force or Torque = Voltage
< o >
| WW————
i— C R L
_ 1. : di
e = ledt + 1R + I 3t
equivalents F or T = e, x or O = i, S or ¢ = %, p or K = R,
Mor J =L



APPENDIX E

SERVO LOOP ANALYSIS, MCTR CAPSTAN-
DRIVEN SYSTEM
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gefruo Lcw‘p AVM/‘ZSIS |
MCTK CQ”PC..TG‘H Oriven Systewm
Fle, |
Mf’h’f T(\WS‘FQF FZ(\AC“f‘u?M @loc)C @[QSNM
To
..;; R(Test!) g Js |
-F, i'ﬁ———-—ﬁ’?
Ke 1<
Cont.

f:')
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Where ¢ |
E = Termiual Uo(ﬁrg@ (v)
'K‘T'“ hf{t(e/ Constant (U-M/A)
KB < Motor Back EMF Q//Fad/se»c)
Te = Motor Elec. Time Coustuut (L[ -3ecs)
K = Motor («)Moém [ CKT KE‘SLSTHAC&C.ST-)
Tm = Motwr Trtuse (N )
To * Disturhance Torque (Wow)
J - SY$T‘(‘°M IMeMLl:{ (Ha‘far*i‘LoadD Gc'a "M z.)
fHo- Moter Viccous Dé{h " Caeg{(CL@mT'
[eﬁd’ Larreﬂ” wlw(czg%i )r\ysforew
(osSE:S‘) flus load U(scoug
Qﬂd‘wﬁ C&qlClGMf (m /Faa(/Qec>
B, = 'T\afe Uelocz"f?’ af Head (}?Mkam)
(all veberred o (dler Velocrty 1w Pad(se |
,ls T’W\ = CE Kﬁ @L>
RZ’T’QCH) o
2 O - (Tw- To- F6L)
IS
of
I 0, = Tw-To
s + F

A
w



wloiwy 3. For T |
T é;CTST‘F15+T0
4, — |, °

S _kr (E-¥2é) = L @stF+To
C(Tect!) |
Solu;hl Cor él. \
8, = E- K. - To
__R(Testy)

JetF + _ KB KT
R(Tes+ 1)

S ) ¢ e —Testd 7
- T. — ’

N T”]«m () (I Tes (el | |
- RR tKekr KAt Kskr J

TE Te << T/F/
§. Yeduces tTo |

7, B~ E-K—'ﬁoréj& ) |
| - U(Testl) }Lﬁrt&t}xfgis—_ *‘D

KF) +Xekr
where - < T ) the weter
QF{ t K@KT’ ' mechaunice [

Time CenstanT
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/L new bleck d’mgrmm le Cormed
0s Follows |

Fle. 2

S KT f@g . l O
E Pes+1) >

X e
LR+l RT |
RF+ Kﬁng "

Tyfreal CQousTants for the Mac,.loaf meTor L
K= 95
Kr = 0.0647 N w/ amp
re = 63.8 mv [ rad {gec

Te = 0,000 Sec
F.. = 0.000% N'M/PaA/s-ec,
I = 0.00ls Kam®
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?'ﬁwr S, KS S
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APPENDIX F

COMPUTER RESULTS FOR SERVO LOOP ANALYSES,
MCTR CAPSTAN-DRIVEN AND REEL-DRIVEN SYSTEMS
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APPENDIX G

SERVO LOOP ANALYSIS, MCTR REEL-
DRIVEN SYSTEM.



APPENDIX G |

| 3
ge{l*l)o Loag‘o Amﬂ’}fsls |
MCTR  Reel Driven Systew
MO‘(‘Mr r(‘ms'('ef’ Function g(oa( @Mi\jd‘mw
Flé6.
To
+ Vr Tm 5 Tr , &
= o 5 == —_
- - ;i R(Test 1) ‘L)é? [ WO
v |
o
F| -~ ér
Kp (=<
Ull\erﬁ . E < Tfﬁh(wz( UOH"QSG (V)
Kt < TB:‘:“(L«(’, Cougtqut (N'W/A>
Ke = Motor Back EME (V/M&/s)
‘ COMT‘.

G-"2-



20¢
Te e Motor Elec, Time ConstasT (L/K-Secs,
ﬂ s MaT‘or Q)lu%nﬁ/(fkf ﬁes:s%m«c.e. (51) |
Tw = Motor Torque ()
To = dictarbagcee TEI‘aLue, (M’M)
T’(: © ﬁ)ef Pgea( %Fiue (Uvm)
Fi = Moter Digeowus DQMFMA <N°v«/[‘qd/38c>
41@)

73

Towzue-w—ﬁee{ Ue(ocet‘y
, Trausfer Fuuctiou
Qr = ﬂecl Ueloc:'(\/ Qjad /S¢C>

WCZ k) = Torrgue~ +to- T;f@ Ue(oc/'f/v at Heod
. Trawsker Function
6, = Tzlf'& Velocrty at fread ({‘M /See)

Cdl( referred o 1dler Ue(ac(‘(‘y I raa?/Sec)

l. TM“' lé; .E‘ Kﬁ é'r
R(Test1) (— >

2. Tr Twm=- To - Ff -éi‘
' Or = HOTr
d. 6. = §2(HTr

)]

3 — |,

s Tw o~ LT £- KMCs)T"
—Q’(?eSH)< l ‘\>-

Cal“ % .
G



ot gz@‘

3. — 71, é Sa,VM:) #DP Tw»',
6, Tm = To + T [l+ F £.6)]
S’ - £ .
7. [E-ke L9Tr] = To + Tr 1t h fiesy ]
R("I‘e%l
So[l)w_ﬁ {;or Tﬂ" )
e Tr KT"E - Top
F U g
R(T‘eSf'J )
A wew klock &(/léi\f]i‘m« 15 for med
VS Qo((ow& \
Fl6. 7
To
Kr X %)- | i Tr
== = V[ |
Rtestld |+ R +Rk1kew)]¢‘@

G-4



Fle. 3
MCTR Reel Drive Sycteu

ELSC,'(’NC‘::( A V\a[o;g

¥ o L L L1 Ly

(O (Nt (O

{ ! i |

\lln = C, V”A Ca. VoS R Vs ==+ Ve == Cy
& &




: M e ———
Hooo e _S L
- *r - «© T, .

ﬂ“e— Qo[:low(u~3 QX/OI‘GS.CIO««S afe. COEPH)&(
b G ¢ LGy ¢

Ci6) - L/_l_ = P —i + (L;t‘ézlg + Lotly)Cu 82
¢
+ (Llat Lily+laly + 12°)Cy &7
R S
+ (Ll Ly+ Laly +L‘L.2>C2C'~( g

+ (ZLLLzLHJ;QLLAzz+LzzL‘L)CL Cy &S'
FoLilly Oy €+ Llo"ly C2Cy §7
R _

(14 Cfs o (it )+ CrLee L] 85
+ (Lot ly)CiCy R S UL szLq_f-LZ) C,Cq&“f
< + (Lot Ly tLele ) QG Cefg S

+ (2 Ui Ly + C,L-zz#LzzL«Q C['Clﬁ‘{ g€

+Lile LquCz‘kC‘(ES? + LIL;L‘-( G C'z?ck( S §
. /




Gee Vo = [T+ (Letl)Cus LalyCaly S Y]
“ 1+ CiRs +[C&(L(H_z)+ Cyllotly )] S° h
L) Qo RS + (Lly+L Letlaly +122)C1Cy 89
< +(LiLet LzL}+LzLu)ClCzC% K¢S k

t(zlilely + Ll L) CCCy 8
£ LileLy QOO RET+ Lily "Ly C 050y 8 &

N e
A&SHMMS %L\QT :

Cz = (1

C( >2 CZ

Cy >> Cz

Ly =3

Whete ! Start of - Tare M ~qu& Eud - of - que,

R = 187 10°s 1§72 10°w (€7 10°

G = 7€ & uf 40 ub 207 uf
.m/l;:/fbllq"'v (2 = 86/1.37 b BE/330uF L ef[3.37.uL

Cy = 207 uf . qou - 8k

L = 12€.7 wh N0, 3wh  €3,4 wh

le = E3.Y wh €38 mh 62y Wl

Ly = £3.4 mh 10,3 wh 24,7 WLGJ7



Repon § NE, e
e e Prosiot e

Contraw. t Mlo. ——

Yo e N

El6. H

e e e e e PO N 7Jf _,g_
TETOALISIITTI LN ST L e

3rI CENEREIETL, LT

S

rRima T

Co»««‘plefe MCTE }@ee( Dive SC’FUD Loo’p

YT/F

l

+Tes

M
gf@rgw.K3
236v/ly

&

Lﬁqti/Laj

COW\fJ.

AED 61 b o

Ky l
|+

~<— Detector

K2

1'%#23 _

.HT'eSwI—(HfK ‘mTés)(,@) Ur

Kg
Pkae

370V/I‘4J




(&) = &r = b
Tr L
Co(sy = oL = _Q_o__
Tr ¢l

6few- Loof) @'mfﬂ :
&= KiekebyKyls 20
g
{:lq‘ﬂ”ei" C Due. To TZFgwe DlSTurbmugeM):
- - ¥, '42@)

8.
To [ - K68 K ks Ky-Ks
S

Jditter (b“»e o T_oro(/ue Dt&‘(’urbqn_ce_):



APPENDIX H

COMPUTER READOUT FOR UNEQUALIZED RECORDER
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APPENDIX I

COMPUTER READOUT FOR RECORDER
WITH ZERO-CROSSING EQUALIZER

I-1



[P S T

i f —p i - e e e —— —— - -+ s ——
4 ‘\

8852L°8g= 00000°0
. 1
T T T o 000°0 000*0 - 000°'0 000°*0 000°'0 000*0 - 000°0 000*0 -000°0 000°*0 - 000°0 Co0*1 0001
000°0 000°0 000°0 000°*0 0000 000°0 0000 0co0‘0 000°0 000°*0 000°*1= 000°*1
. 00000°1 00000°81

8652, °8g~ 00000°0

. N ﬁ
< smemo——e - oo . 0000 000°0  000°0  000°0 - 000'0 000°0  000°0- 000°0 - 000°0 - 000°0-- 000*1  000¢0y 000°00y
000°0 000°0 000*0C 000°C 0uO*0 000°0 000°0 000°0 000°0 000°T 000°z  0CO0°Y
' 00060°T  0000LO0*€2

-— b aie e

£

.

SRR N

pF

el

9862L°66= 000000
1

e 000°0  000°0 ©000°0 000°0 000°0 .000°0C 000°0 000°0 000°0 000°0 - 000°0 000°*T 000°T
000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000*Y 000+521

00000°1  0006°1

. €E60E€°y L= 0000

4
e 000°0 000°*0 000°0 000°0 000°'0 000*0 000°0 0000 000°0 000°0 --000°} 0002 0C0°1 )
: 000°0 000°0 0000 000°'0 000°0 000°%0 000°'0 000°'0 000'0 000°*0 000*0 0v0°1
: 000u0°1 00000°g¢L

691695~ 000000

e - 000*0 0co°*0 000°0 000°0 - 000'0 000*0 000°0 000°0 000°0 - 000°0 - 000°0 0201 000°1
' 000°0 c00°0 000°0 000*0 000°*0 000°0 ooo*o 000°0 000*0 000°*0 06000 0uo*1
000u0*Y 0c0c0*22

4

820€€*2¢~ 85C00°0
: 1
T T T e e Co 000°0 000°Q 000°0 000°0 000°'0 - 000*0 000°'0 000°*0- - 000°*0- 000°'0 000°0 000°*t 0c0°1
000°0 000°0 000°0 000°0 000*0 000°0 0o00*0 000°0 0000 000°*0 000°*t 00C°* 90
. 000V0°1 0J000°6666

Su3ILVI4 3HL 40 WONIU QNY @D NI49T173

. 00000°0 00000*0 00000°0 00000°0 00000°0 o]
e e - . --—.- 00000°0- ..-..-.00000°0.... .... 00000°*0 - —_-. 000000 .. 00000°0 0

. . BLZUEE~ 2Y919%°0
00900°622 9%
/

. tﬁi_- ..EZ .[d:l;w»Ez_t.ﬂ.ugﬁ.at_ :Euu



%890~
%€0°%0
e e e e i . oo e e e e e e e e e w o= - ... 000°0 L1
%0L°0~
%L0*0

- SO SEVNNSRUR o [+ 1o Rl o SRNURUUSIN - | SENEN
%0L%0= .
: %60°%0
e e — e e L e e e . L . e . 000°0 st
_ %tL0=
%80°0
et e et e e e e e s e e e e e e e e et e e e eme .. 000°0. . 61
\ : %2L'0~
%L0%0
N . . . B 000°0 €1
%GL*0=
: ' %02°'0
e e . e et e o e e e — e .- 0000 . . 21
: %86°0=
: _ %ent0
e e e e L ' . L. L . e . . 000°0 11
%811~

000°0= o1
e e e el o D4 - T AL ¢ SO
%“€1°2-
000°0 6
- e e . el . %660 .. R .. .
000°u 8
. %66° 1=
o e =, - e e e e e e e o %080 L s e
000°0 L
. %011~
. . o . . . %492°0 _ . .. .. ..
: 000°0 9
%9L° 0=
- . S - ) . - . %H0°0 . .. .. .- .
000°0 S
. . %59°0~-
. . ) _ _ L . %00%0~= .. .
000°0 )
%29°0-
e - .. e o . e L L L %MO0= L L
o 000°0 €
%1940~
%200~
000°3 z
%19°0~-
s . . . . . %10°0- i
000°0 1
. %99°0=
(*434 WOUd)IHOY¥Y3 9NISSLUD 0OW¥3T % € 3dAL L1U%001 Vi¥v 118



wusg et V6 CE
S0=-31L°1 ¢gg*22

60~3L6*1—08%22 --
60-381°2 gL*22
§0~-3l¢g*2 oOL°*22
§0=-366°%2--g69°22
g0-31L°2 09v°*e2
§0-308"2 66°¢2

e~ G0=398°2 - 06°22

Go~3€g*e gv*ee
G0=-38L°2 04°22
Gu-30L'2 sg'ee
§0~-365°2 0€°22
S0-30€°2 92*'22

Go=362°1 gleg2
90-324%°'g 01°¢22
Q0-30L%2~ 60°*¢2
GU=360°*Y~ 00°¢2
S0~30L°T= G66°12
- GU=30¢°2= 06°12
GU-34g*2e 68°12
G0-38L°2« 08°12
GO0=3L6°2~ GL*12
GO-361%¢~ 0OL*12
G0~32¢°€= 69°12

o G0=394"€=-09°12

GO=3v6°€~ 66°12
S0=-39%%¢~ 05°12
GO~34G'€~ GH*12
GO-3LY*€Ew 0¥ 12
G0=3BE*E~ GE* 12
- g0=322*¢= Og*12 -
§0-396°%2« g2*12
g0=-3¢g*2~ 02°'12
- GU=326°1~= G1°1¢
§0~3G91°1= 01°12
90-38€*€=~ §0°*12

e e = 90316 %% - 00°12 -

§0-321°1 ¢6e6°C2
60~329°'1 0s6°0¢

— 60~3/6'1 -69°*02 --
G0=-322°%2 08°'02
G0-3e%'2 gL'0R2

ke e 603292 0L°02 -

§0-308°2 §9°02
G0=346°2 09°02

e §0=390%€ - 6§6°02 -

60-310'¢ 0g*02
S0-3%0'€ S$%'02

60-384°1--02'22 —-

~60-300°€— 04°02
$0-316°2 S¢*02
§0~39,°2 0€°02
—-60-306°2 - 62°0Z -

6U=~380°'2 02°'0¢
60-38%°1 §1°02

90-362°L - 01°02-
L0-3G6g°8= 60°02
90-31L.°8~ 00°02
§0-3€6° 1~ g6°61
§0-3€0°2~ 06°61
§0-3Le°2~ G861
- §0-329°2%~ 08°61

§e-318°2= L 61
nunm&;.ﬂ ‘o1

» L4
+ L]
- &+ [ - e v e e
+ [}
+ . ’
- . - - — i e e e a e+ e et mmmtmn v oee e @ e i - s o+ e e F— -
. . ¥
L]
S o . B =
+ .
+ L]
- - . . e - + - eiemm s as msree mms e e — s e W an ] St m e b A e o ———————— S — ——— 2 . - -
» .
* .
— e [P e i et e e W e e 3 m——— e e e e —- -t e -
+ [
* L]
- e - e . - e - e e s s e+ e S v S UL P - -
¢ +
. *
e et ¢ o e e et i e e £ — e e e
\ L *
. +
e e e e - - VU U S GO SV VU | T e e e s - - L 3 - -
! \ . +
b +
i e — o n . e+ e _— —— i — L ——— _—- - .- * - -
B . .
L +
. - - —_ - e e e e e - L e m e eimemen + B e et e e e e e e +*
s +
. +
e e e e e e e o e e e e e e e _e R . S
s +
] +
v e - - e i e n = < mmiamn m s mn + mone e+ e imm s+ sommine s e e & P O
¢ +
. A .
: U *>-—t e - - - - -
L L} -
4+ [
U, R PO o s [ e e a———
+ []
+ .
$. L} m et ¢ e ne e
+ [
. * . .
—— —— 4 — e e e e e
* []
'y [ ]
— U —
+ [
+ []
R *. L] - SO,
+ [
+ L]
—— » L —_ e
' 4
- . +
R — N o e mmmnn ee e are v it o i et = i+ = g LN — - - - . -
. . . . -
. +
- - e e e e e e 8 i e e+ L ’

,

- -



-~ GQ0=36%"1m

‘02°92
c1°92

£0=348°2=
G0~392%2e

ot1°'92 .
§0°92
00°*92
€6°52
06°s2
€g's?
og*ge -
gL g2
oL*s?
-69°6q2
09°¢?
65°s?

Q0~-349°9=
90-3L2°1
90-3L6°L
€0-31¢°*1
¢0-3L9°1
G0=3b6*1
G0=-391°2
GLU-3Lle*2
S0~-316*2
C0=-3HL*2
SU~-38Y°2

--- 60=-3¢8L°2

'

CU=366°2 - 06°62

gn'ge
04°62.
Sg*G2
0e*g2
62*g?
02°'62
§1°62
01°¢g2
60°g?
00°62
G6'H2
0642
sghe
08" %2
SL*%2 -
0L h2
GO H2
09°*%2 .
§6° 42
0642
1AKT
0v*n2
se* 42
0e*Hve -
§2'%2
02°42
6142
01*4%2
60*H2
0052 .
G6'€2
06°¢€2
¢8'¢e2
08°€?
SL*e2
0L*€2
Go*ed
09°¢?
6$6°¢2
0g°€2
SH'Ee
oh'e?
(12 X4
0€*€?
62'¢?
02*¢€z

G0-310°¢
S0-351°€E
G0-322°¢
g0~30¢°¢
60-39¢°¢
GU=30"€
$0-3E%°¢
GU-3Gn"*¢
G0-3Lh*E
GO=36%°¢€
guU-=325°¢
G0=34hG"¢E
G0-3€6°€
60-326°¢
GO0-316°'€
§0-305°¢
G0=-36%*¢
GO-3L%°€
G0=-3EY°E
60~-346¢€"¢
GU-392°¢
Gu=-311°¢
GU=3496°¢

§0=30%°2

60-3¢6"1

§0-362*1

9U~3€0°*g

90-3ghg~
GU=-391°1~-
€U-368°1~
GU=-39¢* 2=
GL-3¢L*2~
§0-386*2~=
S0-361°%¢~-
c0-38¢° €~
§U-396°€~
§0-3TL €~
§0-31y* ¢~
GO0-3E8° €~
0=-3T18°¢~
§0~3¢L°¢E~=
§U=399°¢€=
§0~306%€=
§0=342°¢=
§U=-318*2=
GU=302°2~ G1°€2
gu=-Jgnr*1= 01°c2

-

L 2 2R S 4

]
_ e e e e e e = .-
]
+t
. T - . T I, . Y L [ = .
; . . fd
* s !
c —— SNSRI " [ LR [ -f\..’!; .
+* )
Y [}
[ e — [ B o e e e e e e e e+ e e e e e .
+ [}
" .
» .. . — R
’ [ ]
&. [ ]
SR P, - - S U LUV (SO - e e e et —
+ )
* .
e e e e e et s W e e I - — -
_ . .
+ .
. - e TR Y U e e Y — U . -
Py L[]
* \ »
erreemnin e st s rorevmramne e n v v+ B L i e e+ e et 2 e 1 am £ meren amermen e on e L e e et e e een -
‘ [ ]
+ ¢ .
e [T 1 o e oo L e trent emen et cntaon miammert o e moemmeremn @ e e e e = - .
+ .
+ .
O SO U s e e et e e
&+ [ ]
» [ ]
. - A @ e e e P, e Y e e e e . -
* [ ]
‘e . [ '
—— 2 R e e = - |. e amm e B e e et - S s e st e+ Ao ot e m - . ot e s+ e e+ vy minn .. - -
+ [}
+ .
- o e N, NENTE U . s
+ .
7 * ’
e e e s L NN, USRI . -
. +
¢ +
- s e e e e - .. e . +
L 4+
. +
. i . . ¢ *
[
L]
°
.
L]
]
]
°
]
[ ]
.
[ ]
.
[}



D% sw«d LT DO WL o T -
€0~39¢°¢~ 06°62
G0=3€5°¢c» GH*62

G0=389°€= 0%'62 —— ——
§0-36€'€~ GE€°62
G0~-3H2'¢e= DE*62

e e GO 6028 GZ O v mm i e e o e e e e e J—

§0-3g65°2~- 0262
G0=3h6°T= G1°62

S0-381°*1~ 01°62 v — .
90~329°€~- 60°62
90=-3¢2*y 00°62

e e GU=FH0®T GO B2 - e o e e e s e e o e e e

§0=-366°1 06°82
§0-3%6*1 68°82

§0~-302°'2 08°'92 — - e
G0-32v*2 §L'82
§0=-329°'2 0,L%'82"
e e e e mo..wam.~ 69?2 e e e e e e e s e ——————
60-3.5'2 09°'62
§0~301'c ¢g6'82
- wem G0=302°%€ 06°82 - omrmmemens -
§0-312%¢ ¢§v°82

G0~-3hc*g O0%'82
D et ee e SQ=J T E SEOET v e mm e e s e

G0-3L%*¢ 0€°'82 +
¢0-3¢g°¢ ¢2*'g2 *
§0=39G'€ 02°%82 v e e e

§0~386°€ &§1°82¢ *
§0-365°'¢ 01°g2 +

L e e e o G0=309°%€ GOYEZ ¢ e w e s e e o et e

€0-329'¢ 00°'32 . +
§0-3%9°E G6°L2 +
e e QU= HQ . DECLT e mem e e
€0-359*€ 68°L2 +
60-329°¢ 08°L2 +
e e e e GO0=FBG € GLOLY - e e e e
g0-38¢g*'¢ OL*LZ +

G0-395%'t 69°.L2 +
- - G0=356*€ 09°LC . e e - 4
60-36%°€ S6°L2 ) .

U , §0=30%°¢ 0§°L2
D e e GO= T2 E GHVLZT - o o e o e e e
GO=361%g 04°L2
§0-3L6%2 SE*LZ

e e e - G0=3G %2 0ELT e s e o e e e s

- §0~-32K%2 g2*Le
€0=3%6°1 02°L2
mm v e = GO=TF0E T GTPLZ e e e oo e e
90-38u°*s O01°*L2
90-39%"€= 60°L2

;i e e e GO=39 T T Q0°L2 e e e e ez

G0-39g°* 1= ¢6°92
§0-38€°2% 06°92

S e €U-36.2= 6g°*92 R
SU=-310%*¢€~ 08°92
G0~322°¢~ 6L*°92

o et i GO 2R = OL*Q2 . e e B TSR
GU=-3T19°¢~ 69°92 ’
§0~-39L°€~ 09°92

- . 60~39g8°€e~ S§°92
§0-368°¢€~ 06°92

. §U-398°€~ 6v°* 52

CU~-308°€E~- 0%*92

C I g
¢ sy R

e
Ceme s e s .*lll..
+

i
{

L 4

¢+

~ -

—— -

+
+

[ J
B et e e s rm e = [P e e -
A
s
0
e o e e e e et e comet aae ma e e+ ammmime aemramm e O L e e e e - -
. ;
: .
—— L} -- P —— -
s
+ .
& P - i e o e Y e e e e -
0
* 0
[P - L et e e ot e e e e e PR

.
i
i
i
i

|

| +
|

|

i

i

o © 0 # & & o 00 s e 0 e s 80 v e .
+

-



SC-31€°2 068°2¢ *
. §0-30¢°2Z GL*Z¢ .
~§0=369°2 oOL*2¢ . S, -+ :
c0~398°'2 69°*2¢ * '
§0-310*¢ 09°'2¢ .
e i e+ e e o C0-301 . [ (44 . e e e e e e e e e W
: g0-321%¢C 0¢*2¢ ‘ .
GU=301°¢ 6%°2¢ : .
| e e GU=~3H0U*€ ove2e o e et e cmmte e e e e o e e @ o e R
) GU~366°2 €E°*2€ .
60-308°2 0¢°'2¢ . ’ *
B T < § P *2 (4 *2 [ e e ne vae e o cevees sarmaomine | imetsents - e ¢ 2 mienim e emce e e s o o es 5 coe B 2 ot e ¢ e et g <o e m e+ 2

H
{
H

oo i e et e o s . e s £ -+ s o PR 7
i
—

;
'
:
t
i
|
)
!
i
!
4
i
)

. : §0-310'2 0Z°'2¢€ ’ .
: §0-306°1T §1°2¢€ +
| e QU=394 %L O1°2€ e - . s e o e e

Lo-365° L= 60'2€
90-3¢9°8~- 00°2¢
U 1 § P £ Sl N - S ( S U SN OV
‘GU-3EL* 2~ 06'TE
. §0-38¢g°2~ S8°'1¢
e i e - GU-3€9°2= OBlE - -
GU-3Eg* 2~ GL'1¢ . ’ '
' G0=310°*¢€=~ OL*TE
e e e e . QU=361°%°€E= §9°1E - - et e e e eo 4 el cen . eamh e s e s e s teem e s A s e e e = st e e e
| GU-3%¢c%€~ 09°1¢ \
G0-3e¥v*€~ G6° 1€
4 e e e - G0=39h %€= 0G°1E e e e ie e m e e e e e et e e e s e e e eem
G0-3yp'g~ gH*lg

L 4

e e e e e et B e L e e e e -

e e e e e

! g0-36c°€=- 0%°1¢€ . .
e e e GO=I0E E® GEOTE - oo e e e cmme e e e o s m e — S +
: gu~361°¢= 0€' 1€ +
: G0-368°2~ 62°1¢ : } ) *
et e e we = GO=3Llp*2~ 02°1€ et i immm e e emimemnt e e e en s e e e eene e raoin S o ort 1 e et 21 - e 4 e e e = e e e PR | -

G0~3Lly° 1~ §1°1¢€
GO-311*1~ O1°1¢
e e QO0=306%2% GOCTE . e e e e e
90-3$8'% 00°'1¢ )
G0-36T°1 6€6°0€ ) *
e e = GU=3H9°'T 06°0E . .. e e e e e e e e o e e o e o -
60-366°1 68°'0E +
“ G0-3€2%2 08°'0€ : +
N ol et . e GU-3EMT CL'OE . e e O SR
. $0-319*2 0L'0€ +
§0-38L%2 €9°U¢ : +
e e e e .. G0=126%2 09°0€ C e e e e e e e e L. e e e i =
. . §0-310'¢ 66'0E L)
ﬁ §0~-350'€ 06°0€ : +
e e e .. §0=3T0%€  gH*0E . _ .. R e v
i §0-366°2 0Y°*0¢ »
§0~-398°*2 ¢§€°0¢ +
0 GO=3TLY2 0€C0E e e e e e i it e e
c0=3p4y°2  G2°0¢ +
, G0-310'2 02°0¢ .
“ .g0=3TH°T - 61°0€ oo »
; 90-32¢*9 O01°0g *
. 90-30L°'1= 60°0¢
90-3L5 6=~ 00°0€ _.__
i §0-329°1~ 66'62
’ ¢0-3¢eT1°*2~ 06°62
e —— 60-389%2- G8°62 S O
. $0-32,°%2~ 08°'62
! . §0-326°2~ §L*62
P, et ¢0=3T1%c= 0L*62 .. g T

.
i L

i
i
!
1
i
!
1
1
|
H
{
|
H
|
;
:
i
i
l
;

e e et e e+ e -

*

|
|
i
I
|

+

1
>

..Q.-:...iO...ow....."..-...‘o.............--0"..... .-.'-:..0



APPENDIX J

DESIGN STUDY - NASA MULTI-CHANNEL TAPE RECORDER,
C. R. THOMPSON TO L. BAKER, NOVEMBER 20, 1970.



Internal Correspondence ‘:
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To L. Baker Location RCA AED Date 11/

Hightstown
From C. R, Thompson Location 10_5_3 Telephone PC-5327

Subiect  pesign Study - NASA Multi-Channel Tape Recorder (ARD Prop. #101150-4).

In anticipation of the receipt of formal authorization to proceed with the
GCS portion of the design study, Attachment 1 delineates our anticipated
action regarding tradeoff studies to be undertaken for the two-inch
co-planar tape transport.

Stan Clurman (SPC) and Ollie Bessette (OEB) will participate actively
in the study and will conduct flutter and skew tests on an existing
model of the IRTS transport., A tentative schedule for performance is
included in Attachment 2.

In our kickoff meeting (12 November 1970) we agreed t hat the two-inch

tape transport now under construction for the ERTS Progranm would be used
as a base~line for our studies, The Feasibility lModel and the Engineering
Model are now in operation in our laboratories and all attendees of the
kickoff meeting are cordially invited to Camden for a demonstration,

With regard to Attachment 1, we have categorized each characteristic

for which g specification and narrative was requested in the Preliminary
Statement of Work. In most cases, we will endcavor to make positive
statements (PS) about existing hardware or existing techniques, In some
cases, a Tradeoff Study (TS) will be provided from information currently
available in our files., In other cases, New Data (D) will be observed
in our laboratory or derived from laboratory observations and a narrative
will be provided. We currently plan to postpone (PN) preparation of
information for the last four items until a more convenient time,

I look forward to a successful study program, a superb report svbmission
to NASA and all of the follow on business for RCA.

C ; ? ﬁw’)u /2<;(%,)

C. R« Thompson, Hanager
Recording Equipment Projects

CRT:bj
xc: J. Graebner - AERD

R, Miller - AED
R, Treadwell -~ AED : 3_2

RCA 32



Paragraph Noe

3.2.5.1
3.24502
3024543
3.2.50U
3.2.5.5
3.2,5.6
3¢24507
342.5.8
3.2.5.9
30245410
342,5,11
3,2.5,11.1
3624501142
3.2.5.11.3
3.2.5.11.k
342.5,12
3.2.5.13
3.2.5.1h
3.2.5.15
3.2.5.16
30265417 -
342,5.18
34245419

32,5420

ATTACHMENT 1

Characteristic

Vibration, Shock, Acceleration
Temperature

Humidity

Reliability - MIBF

Size

Weight

Volume

Tape Speed A
Record/Reproducer Speed Ratio
Wow and f‘lutter

Tape Edge-to-Idge Dynamic Skew
Percent Linearity

Shape of the Linearity Curve_

Skew Spectra

Tape Capacity (maximum)
Record Time (maximum)
Reproduc‘e Time (maximum)
M.agnetic Head Stacks
Number of Tracks
Start-Up Time

Revefse Time

Power Requirements

Power Drain (maximum)

Ca’cegog
PS
PS
PS

Variation/Dynamic Skew Parameters PS

PS
5
PS

PS

Responsibility

SPC
SPC

SPC

OEB

SPC

sF
SPC
SPC

SPC
ommm
OEB/SPC
OEB/SPC
OEB/SPC
OEB/SPC
OEB/SPC
OEB

OEB
OEB
0FB
OLB
SPC
SPC
SPC

SPC



Attachment 1 (continuodeeseees)

Parapgraph No. Charactoristic Catoegory i Responsibility
3e2.5.21 Control Logic P FLP
342.5.22 Record/Reproduce Electronics PS . OEB
36245023 Record/Reproduce Ratio PS OEB
34265024 Input Impedance PS OEB
3.2,5.25 Signal Input Level PS OEB
34245426 Output Impedance ' PS OEB
3.2,5.27 Record Frequency Change PS : OEB
3.2.5.23 . 'Reproduce Frequency Response PS OEB
34245429 Signal Output Level | PS OZB
34245430 System Noise Level | PS OEB
302.5,31  Max Distortion o PS OEB
3425032 Reference Oscillator j PS OEB
34245433 " Rise and Fall Time PS OEB
3.2.5.3L  Overshoot and Undershoot PS OEB
302.5035 Amplitude Linearity PS OEB
30265036 . Tape Drive and Speeds PS ‘ SPC
3e2,5437 . Tape Start - Stop Distance i PS . SPC
342,538 End-of-Tape Sensing 4 PS SPC
3.2.5.39' . " Tape Motion Sensor PS SPC
3.2,5.140 Speed Accuracy - Long Terﬁ PS OEB
3.2.5.L1 Static Skew PS OEB
3e265.143 Packing Density TS OEB
3.2.5.Lk Data Quality TS .OEB
32,5016 Track Width and Spacing PS ) OEB
3.2.5.47 Tape Length, Width, Thickness PS SPC
3.2.5.48 Erasure Method | PS OEB



Attachment 1 (contmucdo eccoee )

Paragraph No, Characteristic Category Resnonsibility
3e2.50L9 Drift PS SPC
342,5,50 Type of Drive Motor . B . SPC
30245.51 Type of Braking PS SPC
3e2.5.42 Interface Connectors PN ——
3.2.5.15 FM Spectrum/or Data Rate PN -
3,2.5.52 Type of Equalization & Characteristics -- PN —
3.2.5.53 Phase Response PN —
342.5.5L Amplitude Response PN -—
36245455 Harmonic Distortion PN —
/

J-5
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APPENDIX K

DESIGN STUDY - NASA MULTI-CHANNEL TAPE RECORDER,
D. H. SAPP TO L. BAKER, FEBRUARY 17, 1971.



e

ILmn\
II;uMcd

L. Bakcr ¥ ;o Location AED Hightstown Date’ Februafy 17, 1971

- -

D.H. Sapp Location  Camden 10-5-3 Telephone L4955

Design Study = NASA Multi-Channel Tape Recorder (AED Prop.#101150-A)

The attached report summarizes the conclusion of the design study for
the NASA multi-channel tape recorders. The two-inch tape transport
now under construction for the ERTS program has been used as a base=
ltine for the studies. Flutter and skew experimental tests were
performed on an existing model of the ERTS transport. The flutter
and skew conclusions have been based on these tests. However,

flutter skew tests conducted under our IR&D program on another

transport with a double capstan drive has yielded preliminary data

4w:th approximately one=-half the skew of the preV|ous tests.

4( éfum o

D H. Sapp :
Recording Equupment

/njp ' : ' _ g
xc: S.P. Clurman

0.E, Bessette

€C.R. Thompson

F.D. Keld

R. Trcadwell = AED

R, Miller - AED



1. General . .
The two-Inch tape transport now under constructlon for.the ERTS program
has been used as a baseline for the studies. fhe ERTS recorder woulgd
be modifled to provide multi-track longitudinal scan capability. The
ERTS recorder was designed for long life, high reliability, minimum
power consump£lon and minimum welght. The recorder is divided into
two discrete packages; one a hermetically sealed.unl; containing the
tape transport and.the other a housing which accommodates most of the
electronics. The present ERTS recorder uses a transverse scan with a
head-to-tape speed of 2000 ips.' it has a tape load of 2,000 feet of
2-inch magnetic tape with a record or playback time or 33 minutes for
a record or playback tape speed of>12 ips. A L:1 speedup is used to
obtain a 48 ips rewind tape speed. The head gap siz; is ho-micréinches
to obtain a limiting resolution of 50 MH?.. The track width is 7.0 mils
and track spaciné 15‘9.6 mils. The modified ERTS recorder which would
provide iOO longitudinat cﬁannels would use the same 2,000 foot tape
load as the present ERTS recorder, but would increasé its_record tape
Speed-to 13.33 ips with a record time of 30 minutes. A playback/record
tape gpeed ratio of 4:1 would provide a 53.33 ips playback tape speed
and.a playback time of 7.5 minutes. Ea;h of the 100 channels will
have the capablilty of recording 250 Kbps of delay modulation digital
data and playback back at a data rate of | Mbps. The bit packing.
density would be 18,750 bpl. o
The tape transport tape reelihg system tape tension is -always main-
tatned through a Negator-differential mechanism. The mechaﬁism is
arranged with the two Negators fully wound at the start of the transport
cycle so that they ma? supply the necessary Hifferentia! drive to the
take-up sides of the reéllng system. At center of tape, the Negators
reach a minimum energy state and.then are rewound as the direction of

the differenttal turns reverses.

K-3



"I Dectalled Specification Paramecters

The important parameters for the multi-track recorder are given below.

The paragraph numbers used are those of the AED statement of work.

3.2,5.1 Vibratlon, Shock, Acceleration

3.2.5.2 Temperature

The transport shall meet the requirements pféscrlbed In the Nimbus D

Environmental épéclflcatlon, dated September 22,.1967.

3.2.5.5 size
The external dimenslons of the transport enclosure shall be:
17.1% length, 13.76" width, and 6.75" helght. Thls envelope
Includes any expanslon In a vacuum envIronﬁent.

3.2,5.6 Mcight

’ The welght of the complete transport assembly shall be 39 poun%s.
A This.does not include tHe cables andiconnéctors to the_externai

systém; or the_weight'of signal processfng electronics.

3.2.5.8 Tape Speed - . T
The record tape speed shall -be 13-1/3 fps._ The playbéck tape speed
shall be 53-1/3 ips. .

3.2.5.9 Playback/Recbrd Speed Ratlo

The playback/rccord tape speed ratlo shall be 4 to 1.

3.2.5.10 Wow and Flutter

A1l discrete wow and flutter components shall be less than 0.2
percent rms. The cumulative wow and flutter for frequencies up
to 20 kHz shall be less than 0.4 percent rms.

3.2.5.11 Dynamic Skew

3.2.,5.11,1 Percent Linearify

The two-inch width tape edge-to-edge dynamic skew linearity shall

be less than 25 percent.

K-4



3.2.5.11.2
3.2.5.11.3

3.2.5.12

3.2.5.13

3.2.5.14

13.2.5.15

Shape of the Dynamic Skew Curve

The tape edgec-to-edge dynamic skew shall be within 25 microinches
of a straight line connecting the edge skew points.

Maximum Dynamlic Skew

The tape edge-to-edge dynamic skew shall be less than 200

microinches,

Tape Capacity

The two-inch width tape shall be 2,000 feet or greater,

Reccord Time

The record time shall be 30 minutes or greater.

Reproduce Time _. i

The reproduce time shall be one-quartcrgthe record time or 7.5
minutes or greater.

Magnetic Head Stacks

. A single record/playback magnetic head stack shall be used for

3.2.5.16

3.2.5.17

.. 3.2.5.18

both recording and playback of the 100 tracks.

Number of Tracks

The number of tracks shall be 100,

Start-Up Time ' o . o .

Start-up times are based upon acceleration to synchronous speed of the
transport inertia, which includes a momentum-compensatibn flywheel.
It also Includes a setting time for transients to die down and tape
.speed to be'stab!llzed. The start-up time in the record mode shall

L

be 1 second. The start-up time in the playback mode shall be 2.5

seconds,

Reverse Time .

The total reverse time Includes time for full deceleration and
acceleration, plus stabilizing time. The reversal time at low speed

shall be 1.5 seconds. The reversal time at high speed shall be 4.0

seconds., . .

K-5



3.2,5.19 Power Requircments

3.2.5.36

3.2.5.38

3.2.5.41

3.2.5.43

3.2.5.46

3.2.5.47

The power requirements shall not exceed those listed for each
operational mode In the Power Budget, Table 3.2.5.19-1.

Tape Df!ve

The tépe shall be driven by a urethane coated gapstan, around which
it Is wrapped with a wrap angle of 190°.  The capstan, in turn, shall
be driven by the capstan motor through a single mylar belt,

End-of-Tape Sensing

EOT sensing shall be done by a primary microswitch, with a secondary
microswitch as a backup feature.. fhe prlﬁéry switch shall be activated
by the reel foliower arm which is movingAtowards minjmum reel diameter.
The secondary switch shall be activated by the reel follower arm which
is moving toward maximum reel diameter. The seéondary switch shall be
set to operate after the primarf switch by a fapellength increment of
15 feet. ‘

Static sﬁew
The sfatic skew shall not exceed the dynamié skew specified in para.

3.2.5.11.

Packing Density,

Each data track shall be capable of digital bit packing densities
of 18,750 bpi when delay'modulation is used. With this packing
density a 250 Kbps data rate can be recorded and played backAaf

a 1.0 Mbps data rate. -

Track Width and Spacling N

Each of the 100 heads shall have a track width of 12 mils and
spacing between tracks of 8 mils. Each head shall have a gap of

35 microinches,

Tape Length, Width, Thickness

The magnetic tape shall 2,000 feet in length, 2 inches in width,

and 1.2 mils thick.
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3.2.5.48 Erasurec Mcthod

The erasure method shall be ac erasure.

3.2.5.50 Drive Motor

The capstan motor shall be a 2-phase, L4-pole hysteresis motor.
fhe shaft speed shall be 31.25 rps In the‘jow speed mode and 125
rps In the high speed mode. In the low speed mode, 1t shall be
started and run on the same windings, and its'pullrout torque
shall be 1.7 in-oz. 1In the high speed mode, it shall be brought
to synéhronous'Speed on a start winding, and then switched to a
~run winding, at which point its pull-out torque shall be also

1.7 in-oz.

3.2.5.51 Braking

Braking shall be accomplished by another winding within .the motor
‘which is energized with dc voltage. The brake winding shall be
wound In a 2-pole configuration, so as to avoid any transformer

coupling with the high speed and low speed windings.

Design Study Concluslons

1. Tape Speeds

The tape speed wlll be l3-l/31ips in-the record mode and 53-1/3 ips

in the playback, rewind, and fast-forward modes. The record Speed
was éelected on the basis of 2,000 feet of usable tape, as a
realistic parameter, and a recording time of 30 minutes. A'Speed-
up ratio of four-to-one has been selecteﬁ'for simplicity in
electrical éwitching of speeds, and to bbtain reasonably efficient
usage of a single motor at elther speed.

2. Head Confiquration

Recording and playback will be done with the sameé head in order to
avoid the effects of gap scatter on inter-track time displacement
error. The head stack will contain 100 heads, Each head wll) have

a track wldth of .012', and a gap of 35 mlcroinches,

K-8



3.

It was also calculated that the head was not optimum and could be

Crosstalk

Experimental tests were conducted on several heads to determine the
amount of crosstalk, Based on these experimental Indications, the
crosstalk between any two channels in a 100 track head ;hauld be less
than 35 dB.

Bit Packing Density

In order to measure crosstalk, bit packing density,and skew,a head

was constructed with 7 tracks. Three of the tracks were centered at

22 mils pitch for ckosstalk measurements, and four tracks were spaced

equally about the center for skew lineafity and skcw'yariation measure=-

ments. This head design allowed resolution of 60 microinch wavelength
x .

information. Using delay modulation, a frequency spectrum of 0.5 to 0.7

times the bit rate is required. For the 60 microinch resolution and a

"1 Mbps data rate a iape speed of 30 to 42 ips would be -required. This

corresponds to a bit packing density of 23.8 to 33.3 Kpbi at these tape

speeds, The recorder proposed in Section Il of this report uses a bit

_packing density of 18.75 Kbpi at 53-1/3 ips tape speed.

Tests were made at frequencies from 20 kHz to 1.2 MHz at 30 and 60 ips,
to evaluate the performance of this head. The TR70 transport was used
since the tape speed was readily available with the converted dc

capstan. At both speeds, successful record playback transfer was made

at wavelength approaching the gap ‘length of 35 microinches. Response

data of the fabricated head at 60.!ps indicated thaf It was nearly

adequate to handle 1| Mbps data (500 to 700 kHz response required).

®

”

improved.

Refer to Figures L-1 and L-2 for response data. Tests were made on
R .
standard video tape which is magnetically oriented on the "transverse'

direction. This means that. the '"easy'' axis of magnetization is "across"

the tape and the "hard'" axis Is "along'" the tape '""longlitudinally", This

K-9
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difference corresponds to a relative loss In signal output during
playback of about 3 dB for typc L0O tape and'presumably about the same
for the 700 QOersted tape. For further informatlon on érlqntation and
retentivity refer to reference”.

The significant results of these tests show that the signal-to-noise
requirements for delay mod can b; met with this head. Based on the
sine wave response data and the slot noise readings, a wideband signal=
to-noise (pp/rms) of 28 dB was calcualted for the 700 oersted tape,
and 26 dB for the standard (310 de) tape. 26 dB has been previously
calculated to be approximately the minimum S/N requ!remcﬁts (21 dB

+5 dB discognts). Transporting this data (26.dB dslng standard tape)
to a.system utilizing properly oriented éape (+3 to +6 dB), indicates
tha& such a Sysrém is feasible and 18.75 Kbpi:is achlevable, ™ .
The primary result of the high energ& tap; £est was a L dB incfe§se

in playback signal level. This corréspoﬁded (in our test) to ak ds

improvement in signal-to-noise (S/N) over the 20 kHz to 200 kHz

s

portion of the band and about 2 dB S/N improvement at the upper end

of the band (1 MHz) where we were reading tape noise. A second result
of the high énergy tape tests is the definite improvemeht iﬁ
Eerformance‘at the short wavelength. This impFovement Is somewhat
masked by the inability of the head gap to adequately resolve wave-

length In this area (40-70 m!crolnéhes).

_Flutter and Wow

Flutter and wow measurements were performed on an existing model of

_the ERTS transport utilizing a two phase 250 Hz sine wave capstan

motor. The discrete flutter components were measured withaa one=-
tenth octave GRIS64A frequency analyzer. The cumulative measurements
were conducted with a Krohn-Hite 330-M bandpass filter and HP3L0OA

rms voltmeter. A 100 kHz tone was recorded on the tape and then

+#1EEE Transaction on Magnetics, Vol. Mag. =5, No. 4, P, 821" K-\ .



6.

played back In the same direction as the recording. A GR1142A

frequency discriminator was used to obtaln the flutter frequencies.

Flgure 5-1 is a plot of the discrete flutter components. The

largest discrete flutter components was 0.08% at 250 Hz, the motor

drive frequency. Figure 5-2 1s a plot of the cumulative flutter.

1t measﬁred less than 0.2% flutter for frequencies up through 20 kHz.

Skew
Skew measurements were made with the 7 tréck,head described in
paragraph 1114 of this report and an ekfsting model of the ERTS
transport utilizing a two phase 250 Hz sine wave capstén motor.
Further skew tests now being conducted under our [R&D program on
another transport with a double capstan drive Héye yielded
preliminarf data with approximgte1y one-half:of the skew of thé
previous tests.

b

Tests for measuring skew were performed on the § heads which were

equally spaced across the 2 inch tape. Measurements were made of

outer tracks vs center track and "half way out' track vs center

'
/
/

‘track,
Transport Case '
' Track -

— L

emnad <. 2

. 3 »
__ L

— 5

— 7

A 100 kHz tone was recorded on the five tracks simultaneously.
Playback was In the same direction as the recording. The skew

was measured using phase detectors where the center channel was

!

&}
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AN

" the 100 kHz reference. Thus the output of the four phase detectors
was the phase or timing difference between the center channel and

the other four channels, 'A Visicorder 1108 was used to simultaneously
rec;;d théﬁéutputs of the four phase detectors. Two récording/play-
back runs were made with the visicorder turned on for 5 seconds

eQery one minute og playback tfme.' The visicorder charts were
examined to determine the worst case dynamic skew and worst case
d;viétlon from a linear dynamic skew, Figure 6-1 shows some of the
skew measurement results. The gkew samples which had the worst skew
or deviation from linear skew are given in Table 6-1._ In this table,
track 2 refers to the.edge channel next . to tHe tfanSport case,

Figure 6-2 shows how the maximum skew of track 1 during each 5 second
period taken evéry‘minute varied with the ]eﬁgtﬁ of time thé-tape
played back, Tﬁe vorst skew was 106 microinches near the end-of
tane, Fiaure 6-3 shows fouf skew sémpleS'ali taken within a Gdims
period. If shows both linear dynamic skew and non-linear dynamic
| skew. Due to an open lead on the head for track 4 (whicé has since
been repaired), track 3 was used instead of track'h to represent

the center éhannel. Track 3 is only 22 mils from the éenter track
L, Figure 6-4 shows four fairly linear skew samples obtained‘fromA
run #2. Flgure 6-5 shows the worst case skew samples obtained in
each 5 second period the vis!cor&er rén. The numbers and letters
“(BOT 1, 2, 3, 4, 5 and EOT). refer to thf time in minutes from the

beginning of the tape when the 5 second'perlod was recorded by the

visicorder, . ;
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APPENDIX L

DESIGN REVIEW MATERIAL PRESENTED AT
GSFC ON MARCH 19, 1971.
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MTR FUNCTI OI\/PAC’</\G£/POWEF€
- MATRIX

RE CORD | |
MODE FUNCT/ON PACKAGE CT Pise Diss

(w
BCH ENCODER & DATA BUFFERING 31 43
SERJAL 70 /4 CHANNEL CONV 20 2.5

FOURTEEN GAFFING BUFFERS €99 479

147098 CHANNEL CONVERTER 47 110
93 DD ENCODERS 152 38
RECORD SUB JoTAL 9249 715

PLAYBACK
M om: PHASE LOCK LooPS 165 100

DDLECODERS & DESKEW DET ‘ssg-, 19,0

DIVIDED BY SIXTEEN COU/\TE/?S 196 323

- DESKEW BUFFER STORE 755 70

| 5 "t O ER | s
RE/M HIGH SFEED MUX C UNTE . 8

FARALLEL T0 SERAL CONV - 817 525

PLAYBACK SUB TOTAL 2497 _ \%2.0
SYSTEM  ToTAL 3,948  i34%
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