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PREFACE 

The purpose of this manual is to provide the Wang-trained Customer 
Engineer <CE> with instructions to operate, troubleshoot and repair the 
Kennedy Tape Drive Model 9100. 

Two Product Service Notices (PSN 1 s), 729-0249-Al and 729-0249-A2, are 
located at the back of the manual. 

Third Edition (July 1984) 

This reprint is the new converted number for 729-0249-A and incorporates 
documents 729-0249-Al, and 729-0249-A2. The material in this document may be 
us~d only for the purpose stated in the Preface. Updates and/or changes to 
this document will be published as Publications Update Bulletins <PUB 1 s) or 
subsequent editions. 

This document is the property of Wang Laboratories, Inc. All information 
contained herein is considered company proprietary, and its use is restricted 
to assisting the Wang-trained CE to service this Wang product. Reproduction 
of all or any part of this document is prohibited without the prior consent of 
Wang Laboratories, Inc. 

©Copyright WANG Labs., Inc. 1984 
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llCTION 

APPLICATIO~I DATA 

1.1 INTRODUCTION 

The Kennedy Model 9100 Is a synchronous digital 
magnetic tape unit that with proper external format
ting control Is capable of readln~ and writing IBM 
compatible tapes, and Is used in applications re
quiring high rellablli ty at moderate tape s pecds .• 
Typical applications include operation with mini com
puters as peripherals and high speed data collection 
systems, 

The Model 9100 ls equipped with the electronics 
necessary for reading and writing tapes and for 
controlling the tape motion. The head specifications 
and the mechanical and electrical tole!"ances of the 
Model 9100 meet the rl'qulrement& for IBM compati
bility. However, the formatting electronics, parity 
generator, cyclic redundancy check character(CHCC) 
generator, gap control, etc., are not Included and 
must be provided by the tape control and formatter 

1.2 ELECTRICAL AND MECHANICAL SPECIFICATIONS 

Tape (computer grade) 
Width , • , •• , , • , • , , , O, 5 Inch (1. 27 cm) 
Thickness • , , , , , , , , • 1. 5 mil (0. 038 mm) 
Tension , , , , , ••• , • , 8. 0 ounces (227 gm) 
Heel diameter , , , •• to 10, 5 Inches (26, 6 cm) 
Capacity , , , , , , , , 2400 feet (731. 5 meters) 
Re0l hub , , , , , • • :i. 69 Inches (9. 37 cm) dia 

per IBJ\1 standards 

Reel braking • , , , , •• , ••• , • • • • • Dynamic 
Recording mode (IBM compatible) , • NRZ 11 PE 
Tape drive , • , • , , ••• , • , , • Single capstan 
Tape speed • , , , , 45-75 lps (114-190 cm/sec) 

Instantaneous speed variation ••• , .•• , :t 1 % 
Long term speed variation , , , , , , •.• , :t 1 % 
Start/stop displacement , • O. IU inch (0, ·17li cm) 
Start/stop time (a 75 lps • , • , • , • , , • 5, 0 ms 
Rewind speed , , , , • , 200 lps (508 cm) nominal 

1lagnetlc head assembly 
(Wt Ile to read gar displacemP11t) 
Dual gap 7 track read after write ••..•••. 
, • , .••••• , , , •• , , , 0, :10 Inch (U. 7li c111J 

lA.lal gap 9 track read after write •••.•••• 
• , •• , .•• , •••• , •• , 0.15 Inch (O. :IH cm) 
lntercharu1el displacement error ••• (measured 
with IBM master skew tape PN 4:12:Jli2J 
Wrlle (maximum) lOU µInches (G, 5 µm) 
Read (mnxllllum) 100 µind1t·s (2, :i µm) 

In order lo generate properly formotted IBM com
patlbll' tapes. 

The standard Model 9100 Is available in 7 ur 9 track 
NRZI recording conflguratlonB, as well as the 9 
track phase encoded configuration, Standard data 
recording densities are: 200/556 cpl or 556/800 cpl 
7 track NHZI, 800 cpl 9 track NHZI, 1600 cpl 9 track 
phase encoded, 800/1600 cpl 9 track NHZI/ phase 
encoded, or eo0/1600 cpl NH.7.I, A taptl unit select 
switch Is 1.1tandard on 7 and 9 track models. A dual 
density switch Is standard on 9 track dual density 
unlts. 

The standard tape speed la 75 !pa; however, tape 
speeds from 25-75 !pa are available. The data 
transfer rate at 75 lps, 800 cpl Is 60 kHz, or 120 
kH~. nt 75 lps, 1600 cpl. Othtir options Include power 
supply modlflcation to accommodate foreign or de 
line voltages, auto power restart, etc, 

EraHe head • , •••••••. , •. , • • Full width 

Load point and end of tape reflective strip 
detection • . • • • • • • • • • • • • • • Photoelectric 
(lD:\l compatible) 

Broken tape detection Photoelectric 

Dimensions (see Figure 1-1) 
Transport mounting \horizontal) •••• , •••• 
••• Standard 19-inch (48,26 cm) HETMA rack 
Height • , •••••• , • 24. 47 inches (6Z.15 cm) 
Width • , • , , • , • , • 19. 00 Inches (48, 26 cm) 
Depth (from mounting surface) , •• , , •• , ••• 

• · •• • • •. • • • • • • 19,0 Inches (48.26 cm) 
Depth (overall) •• , 21. 62 Inches (54, 91 cm) 
Weight • • • • • • • • • • 150 pounds (67. 95 kgm) 
Shipping weight • • • • 200 pounds (75, 43 kgm) 

Operating environment 
Ambient temperature , • , , • , , +2° to +5o0 c 
Hdatlvl' humidity (noncondenslng), 151;( to 95% 

Power requirements ••• , , • • 115 vac, liO Hz 
220/240 vac, 50 llz 

single• phase 
Volt amps nominal •• , , , , , , , , , , , • ·IOU 
Volt amps maximum • , , .•. , , • , •• , 800 

Table 1-1. Electrical and Mechanical Specifications 
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• • • • • • WRIT• 

• • 
UN LIN• LDAD 

----------- ---------------·------------------------' 

WRITE INDICATOR. 
status is selected, 

Illuminated when write 

READ INDICATOR. Illuminated when read status 
Is selected. 

SELECT INDICATOR, Illuminated when tape unit 
Is on line and selected. 

WHITE ENABLE INDICATOH, Illuminated when
ever a reel with a write enable ring Is mounted 
on t. P. supply hub. 

ON LINE. A momentary pushbutton, which func
tions as alternate action. When first activated 
the tape unit ls placed ln an on-line condition; 
when the tape unit ls on line It can be remotely 
selected and will be ready if tape Is loaded to or 
past the load point, When activated again lt takes 
the tape unit off line, The Indicator Is Illuminated 
ln the on-line condition, 

LOAD. The momentary pushbutton activates the 
reel servos (tensions tape) and starts the load 
sequence, The indicator ls lllumlnated when the 
reel servos are activated and tape Is tensioned, 

HEWIND, The momentary pushbutton activates a 
rewind operation. This control Is enabled only 
when tape Is tensioned and unit is off line, The 
Indicator ls illuminated during either a local or 
remote rewind operation. Pressing the REWIND 
pushbutton at load point initiates the unload se
quence • 

NOTI 

LOAD and REWIND pushbuttons are disabled when 
the tape unit ls on line. 

POWEH. The ON/OFF switch applies power to 
the tape transport • 

Figure 1-2. Control PantJI Controls and Indicators 
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POINT 

,.A•T RE\/ PWD 
CVCLI! l"WD RUN RUN •TOP 

• • 
WRIT• T••T 
Tm•T MOD• 

-------
NOTI 

Tape transport must be off line and STOP pushbutton 
depressed before test panel can become functional, 

l06-tll00-600A 

TEST point and SKEW indicator, Indicator lights lf tupe skew exceeds the appropriate skew 
(read or write) gate setting, An oscllloscope test point Is available for monitoring skew gate 
timing, 

HDS indicator, lndlcates that hlgh density mode has been selected, 

EOT indicator, Indicates when tape has reached or passed end of tape, 

LOAD POINT Indicator. lndicates when tape ls at load point. 

CYCLE pushbutton, An lnterlor.kect pushbutton which runs tape In alternating forward and 
reverse modes, l!seful for making ramp or vacuum sensor adjustments, Depressing STOP 
pushbutton terminates this operation, 

FAST FORWARD pushbutton. An Interlocked pushbutton switch that allows tape unit to run 
forward at fast speed. Depressing STOP pushbutton or EOT marker terminates this operation, 

REVERSE RUN pushbutton. An Interlocked pushbutton switch that allows tape unit to run ln 
reverse at normal speed, Depressing STOP pushbutton or load point marker terminates this 
operation. 

FORWARD RUN pushbutton. An interlocked pushbutton switch that allows tape unit to proceed 
forward at normal speed. Depressing STOP pushbutton or EOT marker terminates this oper
ation, 

STOP pushbutton. An interlol'kl'd pushbutton switch that terminates all tape motion, 

WRITE TEST pushbutton amt lndi L'ator. .\ 111omentn ry pushbutton which programs 1' s to be 
written on all channels to facilitate wrltl· !::!kL•w adjustment. WRITE TEST remains active In 
FORWARD Hl'N mode only, (STOP pu!:!hbutton muRt be depressed and TEST MODE selected 
to actuate this feature.) The lndiC'ator remalnH lllumlnatcd while unit Is In this mode, 

TEST MODE pushbutton and Indicator, A momentary pushbutton selects test mode and acti
vates test ranel. When indicator ls Illuminated, test panel Is active. (Tape unit must be off 
line nnd STOP pushbutton depressed befnrl' test panel will function,) 

Test Panel Controls and Indicators 
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1.4 INTlllFACI CONNICTIONI 

The interface connectors on the Model 9100 are de
signed for twtsted pnlr Inputs nnd outputs, For each 
active pin there Is a ground pin, The mating inter
face connectors, three 36-pln edge connectors ( PN 
121-0096) are supplied with the tape unit, 

1.1 INTHPACI llQNAL CHARACTEIUITICI 

The tape unit responds to zero true inputs and pro
vides zero true outputs, Each signal Input le termi
nated in Bl;.ch a manner as to provide matching fo;· 
twisted pair cables, See Figure 1-3, Each output 
line ls driven with an open collector driver, For 
beet results the typical lnterfaclnp; circuit config
urations shown In Figure 1-4 should be used, The 
recommended twisted pair cable will reduce the 
magnitude of lntercable crosstalk, Unless otherwise 
specified all wires should be 24 AWG minimum, with 
a minimum insulation thickness of O, 01 Inch. Each 
pair should have not less than one twist per Inch and 
the input-output cables should not exceed 20 feet In 
length. 

1.1 INl'UT llQNAL DllCRIPTION 

The input receiver circuits, due to zero true current 
sinking logic design, will interpret a disconnected 
wire or removal of power at the transmitter as a 
logic 0 or false condition. The logic 1 or true state 
requires 25 ma current sink with less than o. 4v. 

The logic 0 or false state will be 3v due to the input 
matching resistors (see Figure 1-3), The recom
mended Input pulse width ls 2 microseconds. The 
rise and fall times for pulses and levels must be 
less than 0, 5 mlcrO'tiecond, Each Input ls enabled 
when the tape transport Is on line and selected. 

r- - - -;sy- - -.., 
I TAPE TRAHSPORT I 

RECEIVER I 
220 

TI 330 TTL 7400, I 
OTL 836 

'"""'- --- -- __ _: ~v_J 

Figure t-3. Typic•I R•ceiver Circuit 
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1.7 OUTPUT llGNAL DHCIUPTION 

Each output line Is drl\'en with an open culleclor 
current sinking log It• drl\'er whl di Is l'apable uf sink
ing up to -10 mn In thl• true Htntt'o All outputs are 
dlsubled (fa.lse) when the tupt• unit Is not on llrw or 
not sdeclt•t..l, 

1.1 TAPE MOTION COMMANDS 

Fur maximum Interface convt•nlence, !\lode! 9100 Is 
configured to control tape motion nnd direction using 
the SYNCHHONOl'S FOHWAHD commund and S\'N
CHHONOl'S H EV ERSE C'ommnnd. The tape transport 
cnpsto.n servo accelerates the tape to the required 
speed with a lineal' ramp, The tape Is al!rn deceler
ated to n stop with a linear rnmp, Start and stop 
occurs within the lnterrecord gaps, The rump time 
Is 6 mB for 75 lpa and varies Inverse!_\' with tape 
speed, The amount of tape travel during the rump 
up or ramp down Is always 0, 19 inch. 

These two factora are to be taken lnlO consideration 
when writing and gapping. A delay Is required be
fore writing to Insure that tape Is up to speed and to 
allow read after write, Tl ming diagrams for perti
nent commands to provide properly formatted tapes 
are shown In Figures 1-5 throuiih 1-7, 

Figure 1-5 shows the timing requirements for writing 
a block In a read after write system (dual gap head) 
ln the write mode with read occurring Immediately 
after writing. Flp;u re 1-6 shows the timing require
ments for reading a block In the forward direction. 
Figure 1-7 shows the timing requl1:emcnts for l'ead
lng a block on a read after write system ln the re
verse direction. 

1.9 INTERFACE INPUT SIGNALS 

All commands from and to the Input/output connector 
t\rL• preconditioned by lauding tape and placing the 
tnpl' unit on line using the front panel controls. The 
next commands set up the recorder, 

1. D. l 8ETl'P COMMANDS 

TRANSPORT SELECT 
SLT Levt•I l'l-J 

A ll·vd that when trur enables all the lnterfat·e driv
ers o.nd receivers In the transport, thus connt•t•lln!-( 
the transport to the controller. Transport must altio 
bi· on line, and 8LT must be true for entire seqUt'nce 
(u11tll Lape motion stops). The SLT levl'l 1p:p· bL· n•
movcd to dlticonnect the machine l•um 1111' H,Lill•m, 
Till' rc:nd or write status will remain In till la,;l e::;t.1b
l1sh1·d conJitlon, 
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~--<' TTL 7rnv- 1 

OR EC}UIV. I TTL 7400 
OR EQUIV . 

TAPE TRANSPORT 
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I• 20 FT MA~ 

STOP 

RUN 

TA 0 E 
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llAR°S 
WRITE 
DATA 
STROBE 

READ 
DATA 
STROBE 

t•TIME-SECONDS 
S•SPEED- IPS 

lll·OOll 

I 
I 

TAPE CONTROL UNIT 
+5V 

:~ 

_______ l ____ _,U,.----4, 

I >--i 
I -

TTL 7438 
OR EQUIV. 

WRITE START"""414 ~WRITE I RAMP 
DELAY I I I .....3.ll 
twsD•tR+tGD : i i~AP.~al:y ~ r-tR•-r 

t •• fil Vi I GD,~I WSC S I I I I l 
I I I I I -----4' I 1 I 

I I I 
t--1 I 

FIRST DATA BYTE 

READ OE LAY--- _ _I I CHECK CHARACTER(S) 
t .i.ll (9 TRA~) ,..-- 1 I 

RO S I I I 

tRD·~ (7 TRACK) : tR~ ~ I LAST DATA BYTE 

FIRST DATA- Jlll~-=nm 11: : 
BYTE ~~I 

LAST DATA BYTE/ :"i'cHECK CHARACTER(S) 

I I 
I I 
I I 
I I 

I 
i I 
I f-- WRITE STOP DELAY 

--....... ; tso• &p 

Figure t-6. Writ• Timing 
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STOP 

RUN 

TAPE 
VELOCITY 

:\06-9100-000B 

I 

I I~ 

i/: : "------~I I I 1 
-.i ~RAMP ---i t---· RAMP 

t ,375 I .37!> 
READ DATA ___________________ R~=~-..,.:.-s ____ ,....._..._--~------t...:..R"-~ 

STROBE ~~~~T U~T~--=:JlllC-- 11111 11 :_/-CHECK ChARACTER(S) 
___..,~ __... ... l 

STOP 

RUN 

TAPE 
VELOCITY 

READ DATA 
STROBE 

LAST DA 1 A ll YT E --~--- , 

t .. T IME- SECONDS 
SaSPEED-IPS_ 

Figure 1-6. Re•d Forw•rd Timing 

_______ _! ll I 
: ~ 14---RAMP 

______ ...,,:/: RAMP H ~i tR·~ 
I I 5 

CHECK 

-~ ,.._ t • . .]]__ I 
R S ~flRST DATA BYTE 

CHAR AC HR ( s) ___ l-DlllL- _]Ill~ ~READ s b~p Dl: AY 

/ t R S D • S I 9 T RA Cl. ) 
L A S T U A T A ll Y I l ~ 

tRso" s (7 TRACr) 

t=TIME-SECONDS 
S=<iPEED-IPS 

Figure 1-7. Read Revers• Timing 
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DATA DINllTV HLICT . 
(~al Density only) 
DOB Level Pl-D 

Ueedwhen the TRANSPORT DENSITY SELECT switch 
le ln the remote posltlon, When true, this level 
selects the high read denelty (dual denelty), 

1,9,2 TAPE MOTION COMMANDS 

OYHWIUTI. (OftTIONAL) 
ovw Level Pl-B 

A level that when true conditions appropriate circuitry 
in the transport to allow updating (rewriting) of a 
selected record, The transport must be ln the write 
mode of operation to utilize the OVW feature. 

IYNCHRONOUI PORWARD COMMAND 
SFC Level Pl-C 

A level that when true, and the transport la ready 
and on line, causes tape to move forward at the spec
ified speed. When the level goes false, tape motion 
ram..,s down and ceases. 

IVNCHRONOUI RIYHIE COMMAND 
SRC Level Pl·E 

A level that when true, and the transport ls ready 
and on llne, causes tape to move in a reverse direc
tion at the specified speed, When the level goes false, 
tape motion ramps down and ceases, If the load point 
marker le detected during a SRC, the SRC will be 
terminated, If 11 SRC le given when the tape is at 
load point, lt will be Ignored. 

REWIND COMMAND 
RWC Pulse Pl-H. 

A pulse input will rewind the tape past the load polnt 
and stop, The transport will then lnitlate a load for
ward sequence and return the tape to the load point 
marker, This Input will be accepted only lf the load 
point output ls false, The transport may be taken 
off line while rewind ls still In process. Rewind will 
continue normally, 

1, 9.3 WRITE COMMANDS 

HT WRIT! STATUS 
SWS Level Pl-K 

A level thR• 1'111et be true at the leading edge of a 
SFC (or Rt..;\ and FWD) when the write mode of oper
ation le required, and must remain true for R mini
mum of 10 µ.sec after the leading edge of the SFC 
(or RUN and FWD). SWS le sampled at the leading 
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edge of the BFC (or HUN and FWD), toggling the 
read I write flip-flop to the appropriate state. In
ternal interlocks In the tape unlt will prevent writing 
ln the reverse direction, when the write enable rlng 
le mlsslng 1 when the tape unit Is off line, when load
ing to load point, and during a rewind, 

WRITI DATA INPUTI 
Nlne Track 

WOP 
woo 
WDl 
WD2 
WD3 
WD4 
WD6 
woe 
WD7 

Seven Track 
WDC 

WDB 
WDA 
WDB 
WD4 
WD2 
WDl 

P2-L 
P2-M 
P2-N 
P2-P 
P2-H 
P2-S 
P2-T 
P2-U 
P'..a-v 

Nlne llnes for nlne-traok operation, seven llnes for 
seven-track operation. These are levels that if true 
atWDS time will result in a flux transition being re
corded on tape (transport ls ln the write mode), In
puts must remain quiescent 0, 1 µeec beyond the 
trailing edge of the WDS pulse, The CRCC ls written 
by providing the correct data character togetbr.r with 
a WDS four character times after the last data char
acter of the record, 

The LRCC ls written using the WARS signal, The 
LRCC can also be written by providing the correct 
data character together with a WDS, If the LRCC ls 
written (DATA-WDS) tn this manner a WARS should 
be given one character time after the LRCC to Insure 
proper mo eraeur~ ln case of data lnput error, 

WRITE DATA ITROIE 
WDS Pulse P2-A 

A pulse of 1 µsec nominal width for each character 
.to be written. Writing occurs on the tralllng edge of 
the WDS, WDS may be a 1 µsec minimum, 1. 5 µsec 
maximum pulse. Data Inputs must have settled for 
at least O, l µ.sec before the leading edge of WDS and 
remain quiescent for at least O, 1 µ.sec beyond the 
tralltng edge, 

WRITE AMPLIFIER RHET 
WARS Pulse P2-C 

A pulse of 1 µ.sec nominal width that, when true, re
sets the write amplifier circuits on the leading edge 
which Is delayed Internally by th.i wrlte deskewing 
network. The purpose of thls line is to enable writ
ing of the lungltudlnal redundancy check character 
(LHCC) at the end of a record, This Insures that o.11 
tracks are properly erased ln an lnterrecord gap 
(IRG). 

• 

• 

• 
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ln a se\'en-trnck system, the lending edge of the WARS 
pulse should be four l·hnrnt·tl'r times after the lend
ing edge of the W118 nssot·lall'd with the Inst dntn 
character In the block, In a nine-track system, the 
leading edge of the WAHS pulse should be eight t•hur
acter times after the lending edge of the WDS asso
ciated with the last dntn character In the b!ot•k (four 
character times after the CHCC Is written), 

1, 9, -1 HEAD COMMANDS 

The tape unit will always have l'end selected, Whl'n 
write Is selected (SWS) the data just written will be 
read back using a high threshold level on the i·eud 
amplifiers, When SWS Is false the normal threshold 
Is applied to the read nmpllflel's, 

AUTOMATIC CL""NQ LEVEL DISAILE 
ACLD Level P:l-U 

When true this level overrides the nutomntlc clipping 
level electronics and holds the read electronics In 
the normal clipping level. The switching between 
i;ead and write clipping levels Is not affected, 

1. 9, 5 SHL'TDOWN CQr.ll\IANDS 

The use of a given magnetic tape unit may he termi
nated by an OFF LINE l'Ommand, Once this t•ommnnd 
Is gl ven the tape unit may be returned to an lnterfaee 
command only by operating thc front panel ON LINE 
switch, 

OFF LINE COMMAND 
OFFC Pulse Pl-L 

A level or pulse (minimum width 1 µscc1 that resets 
the on-line flip-flop to the zero state, plndng the 
transpol't under manual rontrol, It Is gated only by 
SELECT In the transport logic, allowing nn OFFC' 
to be given while a rewind Is In progress, An OFFC' 
should be separated from a rewind communcl b~· nt 
least 2 µsec. 

1.10 INTERFACE OUTPUT SIGNALS 

All output slgnalll are enabled only when the tupe 
transport Is o:-; LINL and SELECTED. 

1.10.l STATl'SOl'TPL'TS 

ON LINE 
ONL 1'1- :'II 

A level that Is true when the on-line flip-flop Is st~t. 

When true, the transport Is under remote control. 
When false, the transport Is under local eontrul, 
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TRANSPORT READY 
HD\' 
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Pl-T 

A level that Is true whc•n till' tape trnnsporl l!H>n tnpc•1 
that Is, Whl•n thl• Initial lond sequence Is complete 
nnd thl· transport Is not rPwlndlnf.t. When true, the 
transport Is rend.\· lo rl'l'l'I l'e a remote· com mnnd, 

HIGH DENSITY INDICATOR 
(l>.tal Denslt.\' onl.\·) 
II l>I Pl-F 

..\ len•l thnl Is true onl.r when the hlRh-dcnsH\· mode 
of opcrnllon Is sdertl•cl, 

FILE PROTECT 
FPT Pl- P 

A level that Is trut• when n rct•l of lope without 11 
write-enable ring Is mounted on thl• transport suppl\· 
(or file) hub, 

WRITE ENABLE 
WEN Le\' el Pl-S 

A· Je\'el that Is true when n reel of tape with n wrlle
ennblc ring Is mounted on the trnnsport suppl~· (or 
file) hub, Opposite of file protect, 

LOAD POINT 
LIJP Le\' el Pl-It 

A level thnt Is l rul• when the load point marker Is 
under the photosl'nsor nnd the transport Is not rl•
wlndlng, Afle1· l'l'l't•lpt of 11 SFC the signal will rc•
maln true until lht• load point mnl'kl'l' leaves the 
photosense are11, 

TAPE RUNNING 
HNG Ll'Vl'l Pl-\' 

This Is n lc\'el that Is true when tape Is being moved 
~nder capstan control nnd remains true uritll tape 
motion has eeasecl, (Includes forward, reverse, nnd 
l'l'Wlnd tape motion,) 

END OF TAPE 
FUT Lt•\' el J>I - 1 · 

A level that is true when the J.:OT marker is dt•ll•t•tt•d 
In the forward direction, (;ocs falsl• Whl'n tht• FOT 
m:irklor Is detected In rcvCl'Sl' (Sl!C or l{ EWINl>l. 

REWINDING 
HWIJ Ll'Yl'I J> I-:-\ 

A lL•\'l'l lhat is true when the transport i!l engaged In 
a l'l'Wind operation or retumlng· tu thl' lonrl po111t al 
tl1t· t•ml of the rewind operation, 



1.10. a READ OUTPUTS 

Read outputs are preaent at all tlmes. The high 
threshold level ts selected internally when BWS la 
selected. 

READ DATA STROil 
RDS Pulse P3·2 
(Not used in phase encoded operation) 

A pUlse for each data character read from tape ln 
NRZl. The average time (1' 1) between two read data 
strobes ls 

T 1 (sec) = _L 
s • d 

Read clock pulse Width <twl la 

where 

1 
s • d. 32 

Tl 
32 

s = tape speed ln inches per second 
d = density characters per inch 

The minimum tlme between consecutive read data 
strobes ts les11 than thts figure owlng to skew and btt 
crowding effects. A guaranteed safe value for the 
minimum time is 1/2 T 1 • 

READ GAP DETECT 
ftGAP Level P3·12 
(Not used for phase encoded operation) 

108-9101-IOOD 

A level that 11 true approximately ao character 1pao
tq1 after the laat data byte (18 character 1paclq1 
on aeven•channel) • and remaln1 tnae until the flrtt 
data byte of the eubeequent data block. Note: Thi• 
level wlll be true whenever tape motion l• at rest. 

HAD DATA LIYIL (NRll MODE) 

1-12 

.Nine Traok Seven Track 
RDP RDC 
RDO 
RDl 
RD'l RDB 
ROO RDA 
RD4 RD8 
RD6 RD4 
RD6 
RD7 

RD2 
RDl 

P3-1 
P3-3 
P3·4 
P3-8 
P3-9 
P3·14 
P3-16 
P3-17 
P3·18 

Nine lines, nine track1 seven lines. seven track, 
These lines may be strobed by either edge of the read 
clock and remain true for 1/64 of a character time 
following the trailing edge of the read clock. Note1 
A CRC character may be all zeros, which wlll not 
cause a read clock, 

1.11 STATION SELECT SWITCH 

The station sele<?t unit on the front panel of the 
Model 9100 Is wired es shown in Figure t-8. Wtien 
w1lng the !ltetlon sele<?t switch, disconnect the 
SELECT line connecterl to Jl-J of the Model 9100. 

1.12 SUMMARY OF CHARACTERISTICS 

Figure 1-B shows the lo<?etion of ronnectors and pin 
numbers with signet names. 

• 
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.-- INPUT 
___.OUTPUT 

WRITE CONNECTOR J2 

ACTIVE 
--r 

B 
c 
0 
E 
F 
H 
J 
K 
L 
M 
N 
p 
R 
s 
T 
u 
v 

GROUND SIGNAL 
--,-419--WRITE OAfJSTROBE 
2~N.C. 
3 WRITE AMPLIFIER RESET 
4 NOT USED 
5 NOT USED 
6 NOT USED 
7 NOT USED 
8 NOT USED 
9 NOT USED 

10 ...,_WRITE OATA CHANNEL P 
11 ~WRITE DATA CHANNEL 0 
12 -.-WRITE DATA CHANNEL 1 
13 ....-wRITE DATA CHANNEL 2 
14 ~WRITE OATA CHANNEL 3 
15 ~WRITE DATA CHANNEL 4 
16 -.-WRITE DATA CHANNEL 5 
17 .__WRITE OATA CHANNEL 6 
18 ~WRITE DATA CHANNEL 7 

CONTROL CONNECTOR JI 

ACTIVE 
--r 

B 
c 
D 
E 
F 
H 
J 
K 
L 
M 
N 
p 
R 
s 
T 
u 
v 

GROUND SIGNAL 
--,-_._LOAD ON ilNE10PT I ONAL) 

2 ....,_OVERWRITE 
3 ----SYNCHRONOUS FORWARD 
4 ~HIGH DENSITY SELECT 
5 ....,_SYNCHRONOUS REVERSE 
6 ~HIGH DENSITY INDICATOR 
7 ..,__REWIND COMMAND 
B~SELECT 
9 ~SET WRITE STATUS 

10 ,..__OFF LI NE COMMAND 
11---..0N LINE 
12 ~REWINDING 
13 ~FILE PROTECT 
14 ~LOAD POINT 
15 ___.,WRITE ENABLE 
16 ~TRANSPORT READY 
17--.-END OF TAPE 
18 ___....TAPE RUNNING 

READ CONNECTOR JJ 

ACT I YE --,-
2 
3 
4 
s 
6 
7 
B 
9 

10 
11 
12 
I J 
14 
15 
16 
1 7 
18 

GROUND SIGNAL 
~~READ OAT~NEL 

B ~READ OATA·STROBE 
C -READ OATA CHANNEL 0 
D ~READ OATA CHANNEL I 
E NOT USED 
r __._AUTO DISABLE 
H NOT USED 
J ~ RlAD OATA CHANNEL 
K - READ DATA CHANNEL 
L NOT USED 
M NOT USED 
N ~GAP DETfCT 
P NOT USED 
R -RlAO DATA CHANNEL 
S ~RTAO DATA CHANNEL 
1 NOT USED 
~READ DATA CHANNEL 
-READ DATA CHANNEL 

STATION SEU CT CONNlC~OR J4 

ACTIVE 
-A-;-c 

O,F 
H,K 
P,R 

GROUND SIGtiAl ----ir-...,__ SE L ECT"s STAT I UN I 
E ~Sl.LECTS STATION Z 
J -SELECTS STATION 3 
M ~SEUCl~ STATION 4 

A 
0 I 

0 

B 5 
8 ' 0 

Is M 
0 , 

0 

J4 

MNEMONIC 
wos 
WARS 

WOP 
woo 
WDl 
WD2 
WOJ 
WD4 
WD5 
WD6 
WD7 

MNEMONIC 
-11![-

ovw 
SFC 
HOS 
SRC 
HD! 
RWC 
SLT 
sws 
OFFC 
ONL 
RWD 
FPT 
LP 
WEN 
ROY 
EOT 
TRNG 

MNEMONIC 
ADP 
ROS 
RDO 
ROI 

R02 
ADJ 

R04 
RDS 

RD6 
R07 

MNEMONIC 
sLTI 
SLT2 
SLT3 
SL T 4 

c 
0 

~ 

a 
ll 
• 0 

Figure 1-8. Summ•ry of lnt•rface Ch•r•cteri•tic• 
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llCTION II 

INITALLATION AND OPllATION 

2.1 INSTALLATION 

2.1.1 INSPECTION 

Prior to installation, Inspect thoroughly for foreign 
material that may have become lodged In the vacuum 
columns, reel hubs, and other moving parts. 

2.1.2 MOUNTING 

Physical dimensions and outline of the tape transport 
are shown In Figure 1-1. The transport requires 24.5 
Inches vertical mounting space on the , standard 19 
Inch rack. Transports In a system configuration 
should be arranged to require less than 20 feet of 
cabling between the tape controller and the furthest 
tape unit. 

2.1.3 SERVICE ACCESS 

Access to the plug-In cards end control electronics Is 
available with the unit extended on slides from the 
sides. The voltage regulator and the servo power 
assembly are mounted on the inside of the heatsink on 
the side of the transport. The fuses, power 
connector, and Interface connectors are also acces
sible from the rear of the unit. For servicing 
electronics, test point are provided by standoff pins 
on circuit boards and are Identified by upper case 
letters near each test point. 

2.1.4 SUPPLIED ITEMS/REQUIRED ITEMS 

All required Items except the twisted pair Interface 
cables are supplied with the unit. These required 
i terns and their part numbers include: 

1. Empty 10.5 inch reel (113-0008-001) 
2. Door stop (104-5744-001) 
3. Three 36 pin lnterftice connectors (order 

three 121-0082-002) 
4. Winchester Address Select Connector w/pin 

(121-0108-001; 121-0082-002) 
5. Power Cord (121-9000-003) 
6. Shipping Brace (291-4768-001) 

(Shipping brace should be removed before 
use and saved in case the machine is to be 
shipped in the future.) 

7. Set of rack mount slides (121-0151-001) 
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2.1.5 INTERCABLING 

Installation of the tape transport requires fabrication 
of interconnection cables bet ween the tape controlJPr 
and the tape transport. The three 36-pin cable 
connectors that mate with the connectors on the 
units are supplied with the system. 

The connector pin assignments are shown In Figure 
1-8. Twisted pair cabling should be used to reduce 
lntercable crosstalk. All wires should be 24 A WO 
minimum, with a minimum Insulation thickness of 
0.01 inch. Each pair should have no less than one 
twist per inch, and maximum cable length should not 
exceed 20 feet. 

2.1.6 POWER CONNECTIONS 

Before connecting the unit to the power 
source, make certain the line voltage Is 
correct (115 or 230 vac) and that proper 
fuses have been installed. 

A detachable power cord is. supplied wl th the tape 
unit. The power cord is 7.5 feet long and has a NEMA 
three-prong (two power, one chassis ground) plug for 
connection to the power source. 

2.l OPERATION 

2.2.1 INTERFACE 

Before placing the unit in operation, make certain 
that the interface connection procedures outlined in 
Section I have been performed. 

2.2.2 CONTROLS AND INDICATORS 

Paragraph 1.3 lists the controls and indicators for the 
tape transport and describes the functions of each. 
The test panel controls are described in Sect 1un IV. 

2.2.3 PRELIMINARY PROCEDURES 

Before placing the unit in operation, proceed as 
follows: 



a. Check the tape transport read/write head, 
erase heed, capstan and idlers for any 
foreign ma terlal. 

b. Check for correct line voltage and make 
sure .that correct fuses are Installed (par
agraph 2.1.5). 

c. Push primary power switch on control panel 
to ON position. 

2.2.4 TAPE THREADING 

To thread the tape on the transport, proceed es 
follows: 

a. 

b. 

Raise the latch of the quick-release hub 
and place the tape file reel to be used on 
the supply hub (Figure 2-1) with the write 
enable ring side next to the transport deck. 

Hold the reel flush against the hub Oange 
and secure It by pressing the hub :latch 
down. 

c. Thread the tape along the path as shown on 
the threading diagram (Figure 2-1). 

l 
I 

d. Holding the end of the tape, wrap ~ few 
clockwise turns around the takeup reel hub. , 
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2.2.5 TAPE LOADING 

Pressing the LOAD pushbutton energizes the reel 
servos and Initiates a load sequence. Tepe advances 
to the load point marker and stops. If for some 
reason the load point marker is already past the 
sensor as, for example, when restoring power after a 
shutdown, tape continues to move for approximately 
6 seconds and then Initiates rewind automatically. 

Once pressed, the LOAD switch Is Illuminated and 
remains illuminated until power hes been turned off 
or tape Is removed from the machine. 

2.2.6 PLACING TAPE UNIT ON LINE 

After the tape is properly threaded and has been 
loaded and brought to the load point, press the ON 
LINE pushbutton and make certain the ON LINE 
Indicator illuminates. (The REWIND pushbutton Is 
disabled when the tape unit is on line.) On-line status 
enables the tape unit to be remotely selected and to 
perform all normal operations under remote control. 

2.2.7 TAPE UNLOADING AND REWIND 

Provision Is made In the 9000 series transports for 
rewinding a tape to load point under remote control. 
However, this operation may also be performed 
manually. Proceed as follows: 

• 

• 
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a. If the ON LINE Indicator Is Illuminated, 
press the ON LINE pushbutton. The ON 
LINE Indicator should extinguish when 
pressure Is removed. 

b. Press the REWIND pushbutton. The tape 
will now rewind to the load point marker. 

c. After the tape hes been position at the load 
point under remote or loeal control, press 
the REWIND pushbutton to rewind the tape 
past load point to the physical beginning of 
the tape. 

NOTE 

The rewind seGUence cannot be stopped 
until the tape has rewound either to load 
point or until tape Is rewound onto the 
supply reel after an unload sequence. 

206-9100-300C 

2.2.B POWER SHUTDOWN 

A tape transport should not be turned off when tape 
Is loaded and Is past the load point marker. Kennedy 
9000-series transports are designed to prevent 
physical damage to the tape in the event of power 
failure, and to minimize operator error which could 
destroy recorded data. In the event of power failure 
during tape unit operation, manually wind the tape 
forward seve ,l feet before restoring power. When 
power has been restored, press the LOAD pushbutton. 
If load point ls not reached within 36 feet, the tape 
will rewind, searching for load point. If desired, the 
tape can then be advanced to the data block nearest 
the point at which the power failure occurred by 
lni tie ting the appropriu te control eom mands. 

Although It is possible to develop procedures which 
would allow power shutdown between tape files and 
tape records this Is not recommended. Where data 
files are short, It is preferable to use smaller tape 
reels. 

TAPE THREADING DIAGRAM 

SUPPLY llll 

MOOll l'WNO. 

9100 192-9100-081 
INTERFACE I TRACK I 

DTUTIL ZERO TRUE 9 
SPEED llPSI DENSITY llPll 

75 800/1600 
MODIFICATIONS 

DATA RATE !CHARACTEltl/IEC) 

WlllTt Rt:AD 

60/120 KHZ 60/120 KHZ 

rn KENNEDY CO. 
Al TADENA, CALIFORNIA 
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llCTION Ill 

THIORY OP OPIRATION 

3.1 INTRODUCTION 

This section describes the Model 9100 tape transport 
at the functional block level, The description applies 
to the standard dual density 800/1800 cpl, nine track, 
75 lps version. Detailed circuit descriptions are 
included in the schematic section of the manual, 

3.2 TAPE TRANSPORT CONTROL 

The circuit boards in the control section of the card 
cage control the tape transport by generating internal 
tape transport commands which are based upon com
mands from the interface, ae well as statue signals 
from the t~pe transport. 

In the Model 9100 1 the following circuit boards control 
the tape transport: 

Type 3841 Llne Terminator 
Type 3842 Interface Control 
Type 3843 Pushbutton Control 
Type 5719 Sensor Amplifier/Driver 
Type 6667 Sequence Control 
Type 5733 Ramp Generator 
Type 6666 Servo Control 

Figure 3-1 is a block diagram of the Model 9100, 
Tape commands from the interface connector are 
supplied to the interface control board which will 
generate internal tape transport commands if certain 
interlocks arc s!!.tlsfied, These tape transport com
mands are then supplied to· the Pushbutton Control 
board. The Sequence Control and the Pushbutton 
Control also contain several interlocks which must 
be satisfied before the Pushbutton Control can encode 
th3 tape motion commands onto one of three command 
lines: RUN llOHMAL (RNNl), RUN FAST (RNFl), 
and REVEHSE SELECT (RVS!), TheHe three com
mand lines are supp Ii ct.I to the Ramp Generator, 
which provides linear ramp-up to speed and linear 
ramp-down to standstill in order to minimize tape 
stress and maintain accurate tape speeds. The out
put of the Ramp Generator is supplied to the capstan 
servo preamplifier on the Type 5666 Servo Pream
plifier board. The capstan servo uses the Hamp 
Generator output to control capstan motor current, 
while the capstan tachometer supplies a stabilizing 
feedback voltage to the capstan servo batied on c:ap
stan motor speed. 
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The Type 5719 Sensor Amplifier I Driver receives 
input from the file protP~t switch, load point sensor, 
and end of tape sensor, These signals are amplified 
and gated, then supplied to the Pushbutton Control 
and Sequence Control as tape transport status signals 
for controlling their interlocks, 

The Type 3844 Sensor Amplifier I Driver module also 
contains the drivers for the WHITE, READ, and 
SELECT indicators on the main control panel, 

3, 2, 1 SEQUENCE CONTROL 

Due to certain special sequencing requirements in
volved in controlUng the tape transport, a special 
Sequence Control module has been developed for the 
Model 9100, Transport control pushbuttons on the 
nialn control panel connect directly to this board, 
In addition, broken tape, vacuum switch, and load 
point status signals are input to the Sequence Control 
board, Thus, when tape breaks or vacuum pressure 
drops, the Sequence Control will initiate the appro
priate tape transport command to stop reel movement, 
Also, the sequencer will condition the actions caused 
by pressing the REWIND pushbutton dependent upon 
whether tape is in front of or past the load point 
marker. 

Four sequences are discussed1 the POWER ON se
quence, which occurs after the POWER pushbutton 
is pressed, the LOAD sequence, which follows the 
POWER ON sequence after the LOAD pushbutton is 
pressed, the UNLOAD sequence, which occurs when 
REWTND command is given and the tape is on the 
load point marker, and the POWER OFF sequence, 
when unit is loaded and power is turned off from the 
front panel, 

3, 2, 1.1 POW EH ON Sequence 

When the POWER pushbutton Is µreseed, the low 
power transformer and varloLs regulated voltages 
are generated. The vacuum blower and high pov.cr 
transformer are enabled through main relay K4. 

3,2,1,2 LOAD Sequenc,, 

During this sequence, the vacuum blower motor Is 
turned on, ~2'! vdc and -24 vdc Is supplied to the 
electro11lcs, H!'l"'/O relay Kl !H actllilted to enable 
reel motorH w1d power lald1, LUpe Is tensioned and 
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dra'ND into the vacuum columns, and the reel servo 
loop le closed, At the completion of thle sequence, 
the tape le properly tensioned. The capstan servo 
now receives the command to advance at normal 
speed to load point and then stops, If load point le 
not reacherl within G seconds after pressing the LOAD 
pushbutton, the sequencer will command the trans
port to rewind the tape, searching for load point. 
All operation ls interrupted ln case of broken tape 
or loss of vacuum as determined by the vacuum swttr.h. 
In this instance BROKEN TAPE true signal wlll be 
eupplled from the Sequence Control and all servos 
will be disabled immediately. An END OF TAPE 
true signal from the END OF TAPE sensor will not 
terminate a write operation. Instead, an EOT status 
ls given to the interface, which should be used to 
generate a proper sequtince to terminate writing, 

3, 2.1. 3 UNLOAD Sequence 

During an unload operation, the tape ls slowly a~d 
completely rewound onto the supply reel after lt 
stops at load point during a normal rewind sequence. 

To lnltlate the unload operation, the transport must 
be taken off line, either through an OF1'' LINE inter
face command -::o;- by presBlng the ON LINE push
button, Next the REWIND pushbutton ls pressed. 
Thls sets the unload flip-flop on the Sequence Con
trol board, causing lJ NLOAD true to be output, 

This connects the supply reel motor to -8 vdc In
stead of +24 vdc 1 opening the tape position servo 
loop. The takeup and supply reels now slowly rotate 
In reverse until the tape ls completely rewound, 
When the physical end of tape Is reached, BKN tape 
goes true and the unload sequence Is terminated. 
Note that the POWER pushbutton Is disabled during 
the entire unload operation. 

3,2.1.4 POWEH OFF Sequence 

When the POW EH i;wltch Is shut off, the vacuum motor 
turns off Immediately, The sequence Is: vacuum 
switch off, sensor disable true (enabling the reels to 
remove tape from the vacuum chamber), servo dis
able true (applying braking signals to reels), all 
power then turned off. 

3.3 WRITE OPERATION 

(Occurs after LOAD sequence Is completed) 
The main pushbutton panel on the front of the tape 
deck Is used to prepare the transport fur operation, 
After power ls turned on and the Lape Is properly 
threaded, the front panel LOAIJ pushbutton i1:1 prei;sed 
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and the machine goes through the load sequence de
scribed above. Pl'essing the front panel ON LINE 
pushbutton now places the transport on line, prepar
ing the transport to respond to interface commands 
ae soon as they are available, When the transport 
Is selected by a BLT true command from the lnter
fp,ce, the Interface Control board's gates are enabled, 
allowing the transport to accept interface commands 
and return transport status signals to the interface, 

Interlocks ensure that the transport writes data on 
tape only when the tape le properly loaded, the reel 
has a write enable ring, and the tape le moving for
ward at normal running speed, When SET WHITE 
STATUS from the interface goes true under these 
conditions, WHITE READY true Is supplied to the 
Sensor Amplifier/Driver module. Here It turns on 
the write and erase head current drivers lllld Illum
inates the WRITE indicator on the front panel, WRITE 
READY and SELECT! (combining ON LINE true and 
SELECT true) are also supplied to the data electronics 
card cage where they enable the write and read am
plifier stages. With WRITE READY true, the inter
face supplies the properly formatted data to be written 
on tape. 

3.4 READ OPERATION 

When th.:i tape Is properly loaded, not rewinding, and 
WRITE R.tADY Is false, a read operation ls selected 
and the Senisor Amplifier/Driver module Illuminates 
the front panal READ Indicator. The read pream
plifier and amplifier are now enabled to generate 
read signals back to the interface. 

3.5 TEST PANEL 

The test panel ls standard equipment in the Model 
9100, Located next to the control pane!, It ls used 
to perform tests and adjustments on the tape trans
P<>rt while It ls off line, This eliminates the need 
for many external test fixtures as well as saving 
valuable computer time, 

The panel bee:omes operatlollfll only when the trans
port Is off line, and the test panel STOP pushbutton 
ls pressed. If these conditions aro satisfied tho test 
panel pushbuttons are enabled when the 'J'EST !\'IODE 
pushuutton Is pressed, (The function of each test 
panel control and Indicator Is provided In Figure 4-2 
of the maintenance section.) 

Basically, the test panel ts used for making ekew, 
speed, ramp time, and servo system adjustments, 
Besides providing complete cont rul over tape speed 
and direction, It can inlti11Lo n write test by generating 
a erytilal controlled all-1 tmit pattern on the tape, 
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The test panel also contains lndlcator lamps whlch 
lllumlnate when there Is excess! ve skew, high denslty 
ls selected, end of tape or load point Is reached, or 
a wrlte test ls being performed. (The skew test lndl
ct1tes proper alignment of the read/write head,) 

The test pru10l also contains a CYCLE pushbutton, 
which runs the tape forward and reveree continuously 
for maklng ramp time and reel servo adjustments. 

Thr. logic circuitry required to translate test panel 
commands Into tape transport commands la located 
on the Pushbutton Control card, The skew detect 
nP.twork for making skew teats ts located on the Dual 
Df'nslty Control contained ln the data section of the 
card cage. 

3.& TAPE TRANSPORT CONTROL ADJUSTMENTS 

The Kennedy tape transport requires few adjustments, 
These are preset at the factory and should not be 
changed unless there ls strong reason to believe ad
justment Is required, The following adjustments 
are made on the control logic modules: 

Adjustment 
Normal running speed 
Ramp-up time 
Ramp-down time 
End of tape/beginning 
of tape 

Location 
Rl4 1 Ramp Generator 
R3 1 Ramp Generator 
R4 1 Ramp Generator 
Rl6 1 Sensor/ Amplifier 
Driver 

The adjustment procedures are outlined In the main
tenance sectlon of the manu1tl and In the circuit de
scriptions of the Individual schematics, 

3.7 SERVO SYSTEM 

3, 7, 1 INTRODUCTION 

The transport servo system advances the tape past 
the tape heads at a precisely controlled speed while 
maintaining a constant tape tension, The servo sec
tion Is composed of three basic blocks: the takeup 
and supply vacuum sensors, takeup and l:lupply reel 
servos, and the capstan motor servo. 

:1,7,2 VACL'\.'ill SENSOHS AND HEEL SEHVOS 

When the machine Is running forward normally, tupl' 
loops form approximately half way up till' takl!UJl uml 
supply vacuum culunuw, (This rxaiition will var~· 

depending on tape direction and speL'<i. However, 
tape loop position should not fluctuate once etill!b

llshcd In any given mode,) Two speclolly dl•slg-ned 
tape sensorA are positioned behind the tape loop,.; to 
maintain the tape loop JX>Bltlon whll l' the tapL• b 111 
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motion, These sensors are variable capacitors, 
Each capacitor consiAt1:1 of a plated PC board covered 
with flexible, metallized mylar, The edges of the 
board are 6/1000 lnch thicker than the copper center 1 

forming a long groove (see Flgure 3-2), Several 
holes are drtlled through the board, The grooved 
area Is covered with metalllzed plastic, mylar side 
down to form a dielectric. Wires are connected to 
the metallized covering and the copper plate to form 
a capacitor. The sensor ls then mounted to a hollow 
metal chamber to form the base of the column, 

When the Model 9100 ts turned on and forward mode 
ls selected, the vacuum pump attached to the back of 
the vacuum chamber draws the tape upward Into the 
tape chamber (see Flgure3-3), A high vacuum exists 
above the tape In the enclosed portion of the chamber, 
No vacuum exists at the open end of the tape cham
ber. A partial vacuum ls present In the vacuum 
chamber behind the tape sensor, 

Blnce there are holes drtlled in lhe sensor, the dif
ference In pressure thus created presset1 the metal -
ltzed mylar covering against the copper plate over 
the area below the tape loop, Thus the capacitance 
of the sensor changes as the tape loop moves In the 
column, 

P.C. BOARD 

RETAINER 

110-0110 

Figure 3-2. Vacuum Sensor Assembly 
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The tape loop sensors are coMected to an osclllator 
as the frequency control element. Any capacitance 
increase caused by the tape loop moving up the column 
decreases the output frequency of the oscillator and 
vice versa, This output frequency ls integrated and 
filtered, and de zeroed in to develop a de motor con
trol voltage. Thus the torque of the reel motors ls 
controlled to centralize the tape loops within the vac
uum columns during operation, 

3, 7, 3 CAPSTAN SERVO AMPLIFIER 

A RUN NORMAL, RUN FAST, or REVERSE signal 
from the Ramp Generator Is decoded and then sup
plied to the Capstan Servo Amplifier on the Type 
6666 Servo board. This capstan servo can be dis
abled by SERVO DISABLE true from the Sequence 
Control, Motor speed ts kept constant by feedback 
from a tachometer ~ounted to the capstan motor, 
This feedback Is compared to the Ramp Generator 
Input. Any difference voltage caused by motor speed 
deviation Is amplified to develop a corrective voltage 
for returning the motor to proper speed, A sampling 
of tachometer output Is also di reeled to the Sequence 
Control, 
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3, 7, 4 SERVO SYSTEM AWUSTMENTS 

These adjustments are preset in the factory and shot1ld 
not be changed unless there ls strong reason to believe 
adjustment ls required, Adjustment procedures are 
outlined in the maintenance section of the manual 
and ln the circuit deacrtptlon of the servo system 
schematic. 

Adjustment: R4, R64 Frequency Controls 
Functlon1 varies baste frequency of oscillators to 

control speed of reel motors 
Location: Type 6666 Servo Preamplifier 

Adjustment: Rl 7, R65 Gain Potentiometers 
Function: eliminates tape loop overshoot when tape 

direction ls changed 
Location: Type 6666 Servo Preampl!fierA 

Adjustment: Rl16 Capstan Servo Zero 
Function1 eliminates capstan creep when tape la 

stopped 
Location: Type 6666 Servo Preamplifier 

3.8 DATA SECTION 

3,8,l INTRODUCTION 

The data section includes read/write amplifiers and 
interface cards containing output drivers and timing 
controls, Block diagrams are shown in Figures 3-4 
and 3-5, 

The data section consists of seven circuit cards that 
plug into the data masterboard. These include a Dual 
Density Control, a Dual P Channel/Clipping Control,· 
a pair of Quad Read Amplifier modules, a Four Chan
nel Write Amplifier card, a Five Channel Write Am
plifier card, and a Data Terminator card. 

3,fl,2 WRITE ELECTRONICS (Figure 3-4) 

A write ampltfler channel is provided for each tape 
channel, Four of these channels and the circuitry 
typical of all write ampllfiers are contained on Type 
4366 WrlteAmpllfler. The five remaining write am
plifier stages are located on Type 4368 Write Ampli
fier. These cards plug into the masterboard, from 
which the necessary head connections are made. 
(Two of the channels on the Type 4366 Write Ampli
fier are not use4 in seven-track opentlon,) 

Each write amplifier channel consists of an input 
buffer, a 'digitally adjustable deskewlng circuit, a 
clocked flip-flop, and a write head driver, The skew 
characteristics of each read/write head are tested 
at the factory and the write amplifier switches are 
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Figure 3-4. Write D•t• Section 

set to compensate for the skew, using channel P as 
the fixed reference channel, (Normally the write 
deskew switch settings should never be changed. 
When 11 new head ls installed the factory furnishes a 
111bel displaying the new deskew switch settings re
quired to compenB11te for the characteristics of the 
new head.) 

The write electronics section also includes the write 
data strobe buffer which clocks the write amplifier 
flip-flops, and a write amplifier reset circuit to clear 
all write amplifier flip-flops, The write amplifier 
reset Is used to write the longitudinal redWldancy 
check character, During a write test mode, initiated 
by the test panel with the recorder off line, the write 
electronics generates an all-1 test pattern on tape 
derived from a crystal controlled reference frequency 
FR' supplied from the module In the read electronics, 
The test pattern can be used to test write deskewing 
as well as other functions of the data electronics, 

3, B, 3 READ ELECTRONICS (Figure 3-5) 

The function of the read electronics ls to convert the 
data recovered from the tape into digitized wave 
forms, deskew, and supply It to the Interface with 
its respective read clock. The read electronics also 
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detect the lnterrecord gap and excessive skew. The 
components comp1·islng the read section include the 
magnetic read head, the Read Preamplifier module, 
Read Amplifier/Clipping Control module, and a pair 
of Quad Read Amplifier modules. Figure 3-5 ls a 
functional block diagram of the read section, showing 
the general signal flow between the cards. A detailed 
circuit description of each circuit card accompB.l'lee 
the schematic of the card. 

Low level analog signals on the order of tens of milli
volts are supplied from the read head to the Read 
Preamplifier module. They are linearly amplified to 
an output voltage (adjusted by a potentiometer for 
each read preamplifier stage) of approximately B 
volte peak to peak during BOO cpl NRZl read opera
tion, The amplified analog signals are then supplied 
to the nine read amplifier stages, eight of which are 
located on the Quad Read Amplifiers. (Channel P Is 
directed to the Read Amplifier/Clipping Control mod
ule.) Each read amplifier stage includes a peak de
tection circuit, a filtering network, an output data 
register, and a pulse generator. 

The analog signals from the preamplifier are detected 
only when they exceed the positive nr negative clip
ping levels provided by the Dual P u1annel/Clipplng 
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Control module. They are then rectlfled and peak 
detected, with the resulting digitized wave forms 
containing negative-going transltlom1 corresponding 
to the peaks of the Input analog signals, e, g., one 
bits in the NRZl code, The digltlzed wave forms 
are supplied to a filtering network which eliminates 
spurious pulses between transitions. The data of 
each chaJUlel ls then stored ln a register which gen
erates DATA IN REGISTER to the Dual Density Con
trol, 

The Dual Denslty Control card supplies a READ 
CLOCK output to clock the data registers of all nine 
channels elmultaneously, ·supplying the data charac
ter to the interface. 

When an error is detected, and the transport ls com
manded by the interface to reread a block, the read 
amplifier clipping levels are switched automatically 
by the Dual P Channel/Clipping Control module to 
maximize the recoverablllty of marginally recorded 
data, First the cllpping levels are lowered to recover 
poHible partial dropouts. If the block ls still ln 
error, the cllpping levels are switched to higher 
levels to eliminate poeslble baseline spikes. 

"i'he Dual Denelty Control module contains circuitry 
common to all nine channels. It generates the read 
clock and detects exceeslve skew, as well as detect
ing the lnterrecord gap and providing the interlocks 
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necesaary for BOO or 1600 cpl density selection, The 
Dual Density Control also supplle11 reference fre
quencies to the Write Amplifier modules In order to 
generate the write test pattern. 

In the phase encoded mode, the analog signal with 
its two main frequency components le amplified, 
peak detected, and digitized, Threshold detection 
for PE mode ls identical to NRZl threshold detec
tion, exc'ept for the absence of RCLK and RGAJ.' out
puts to the interface. The output of each channel 
represents its respective nux change, 

3.9 DATA SECTION ADJUSTMENTS 

The following adjustments are made In the data elec
tronics eectlon1 

Adjustment 
Read preamplifier amplitude 

S~ew alignment 

Location 
Type 5728 Read 
Preamplifier 
Read/wrl te head, 
write amplifiers 

The adjustments are preset at the factory and should 
not be changed unle11s there le strong reason to believe 
that readjuatment ls required. The adjuatment pro
cedures are described In the circuit description of the 
Read Preamplifier and Write Amplifier schematics • 
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llCTION IY 

MAINTINANCI INITIUCTIONI 

4.1 GENERAL 

Kennedy Compuny tnpe trnnsports 11re highly reliuble 
precision instruments which will provide ycnrs of 
trouble-free performance when properly 11111i11t11ined. 
A planned program of routirw inspection und 
maintenance is essentiul for optimum perfor1111111t•e 
and reliability. The units require very few 
adjustments and these should not be performed unless 
there I!! strong reason to believe they are required. 
All electricul adjustments are preset nt the fuctory 
and should not require readjustment except 11fter long 
periods of time. 

4.2 PREVENTIVE MAINTENANCE 

To assure cont lnulng trouble-free oper11 t ion 11 
preventive maintenance schedule should be kept. The 
Items involved are few and simple but very importunt 
to proper tnpe trunsport operu lion. The frequency of 
performance will vary somewhut with thr 
environment and degree of use of the trnnsport sc> ct 
rigid schedule upplying to all muchines is difficul\ 10 
define. The recorn mended periods below npply to 
units in constunt operntion in ordinnry environments. 
They should be modified If cxperiPncc shows other 
periods nre more sui tnbll!. 

4.2.1 DAILY CHEC'I\ 

Vlsunlly check the maehine for elennliness nnd 
obvious misadjustmPnt. If items in the tnpe puth 
show evidence of dirt or oxide 11eetm111lntion, clenn 
thoroughly. 

4.2.2 CLEANING 

All Items In the tnpe pttth must be kept serupulously 
cleun. This is pttrticulnrly lrlll' of the heurl nnd 
guides. The inside of the dust C'OVl'I' rnust not be 
nllowed lo uceumulnte dirt o.,int•e lr1111.,fp1· to the· tuµc 
will c•nuse ni:tlftult'lion. 

In clC'1t11ing it is import11nl to be lhoroug·h yl'l l-\l'fllit• 
1111d lo ltVCJlll CH!Hin d:.flb'"l'l'Oll·· pr1ll'lic•l 0 S. 

4.2.2.1 HP11d C'Jto1111ing 

Oxide or dirt 11ec•umul11lions 011 till' hP1tcl surf11C'I'·; 111·1 

rcmovecl ll"'i11g 11 r111lr! or·g11r11e solVl'IJl 11nc111 sw:tli. q 
tips lll'l' t•onvt>nient fur this use but 11111!-ot bi· 11-.1·11 witl1 
cuution. He· sure the wooden portion clo("• not <0 011!111'1 
hCHd Slil'f'llC!l'~. 

An iclP1tl solvent is I.I.I tril•hlorotl111111· t'<>1Jl111111·d 111 
l\PlllJl'dV 1\21 11111lnlen11nc·l' kit. 11->Wl'Vl'I', ullo.-1' ... 111•!1 

.j I 

us isopropyl 11lcohol will do. DO NOT USE: ucetone 
or ittl'quer thinner, nerosol spruy cans, or rubbing 
11lcohol. 

llo not use 1111 ext•ess of u11y solvent, und be extremely 
c11rcful not to 11llow solvent to pcnctr11ll• bull bcurings 
of idler rollers. cupslun motor, l'lc., since ii will 
destroy their lubricntion. 

CAUTION 

Do not 11ttempl to clettn the rnylur sensors in eolumns 
or nllow solvent to co11t11ct the clement. Dirt 11nd 
oxide will not lmpl'de the sensor opl•r11tion. 

Oiiier ill'ms in the tupc pnth should be C'le1111ed 11! the 
s11111e timl' 11s the magnetic hc11d. These include 
l'olurnns, idler rollers, tupe guides, c11psllrn, Hild t11pe 
cle11ner s11rfucc. 

The techniques 11re sirnilnr to those outlined above for 
hend cleuning. 

Ml SS I NG 1 APE 
S[NSO ~ 

u.m com mom m tLARIII 

Figure 4-1. Opening of H••d Shield 



4.2.2.3 Other Cleaning 

A vacuum cleaner ls recommended for removing 
accumulations of dust Inside the dust cover or 
elsewhere in the unit. Compressed air may be used if 
caution ls exercised to avoid blowing dirt into 
bearings. Antistatic cleaners are available for 
cleaning the plexlglass dust cover window. 

4.2.3 VISUAL CHECK 

Check visually to determine if all appears to be right 
with the machine. It ls helpful to run tape forward 
end reverse observing smooth tape motion, proper 
vacuum operation, etc. 

4.3 ROUTINE ADJUSTMENT · 

There are no routine adjustments. Need for 
adjustment wlll be manifest if malfunction occurs. 
Under normal circumstances adjustment will be more 
likely to cause trouble than prevent it. 

4.4 LUBRICATION 

No bearing lubrication Is required. All bearings ere 
lubrlca ted for Ii fe and introduction of oil may destroy 
their lubrication. 

4.5 WEAR 

Magnetic tape ls an abrasive and in time wear will be 
noted on items over Which the oxide surface slides. 

4.6.1 HEAD WEAR 

Head wear ls generally signaled by an increase in 
error rate. Confirmation .is a sizable increase In 
output voltage at the read head as measured at the 
reed preamplifier. When the head becomes worn it 
must be replaced. Head replacement procedure is 
described in paragraph 4.24.5. 

Worn heads usunlly can be resurfaced at least once if 
returned to the factory. This ls more economical 
than replacement with R new head. Consult Section V 
for dctnils of heud return. 

4.5.2 GUIDEWEAH 

Guides wear principally at the point of contact with 
the front guide surface. Although guides arc 
cernmie, in lime grooves will appear. Since guides 
11re syrnrnetricul it is only necessary to loo~en the 
guide mounting screw, rotate the guide, and tighten 
to presPnt un unworn surface to the tape. 
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4.5.3 REEL HUB WEAR 

Quick release hubs are adjustable to assure a firm 
clamping action. They are designed to make it 
Impossible to mount a reel in a wrong or cocked 
position. If the locking action should become weak, 
the hub may be adjusted 11s described In paragraph 
4.8. 0-rlng clamps used in the hub may tend to hang 
up after long perludn of use. This can be corrected as 
follows: 

11. Remove 0-ring from hub. 

b. Clean thoroughly with mild solvent. 

c. Lubricate ring with silicone grease. Wipe off 
as thoroughly as possible, leaving 11 light 
lubricating film. 

d. Snap 0-ring buck in place. 

4.6 PERIODIC INSPECTION 

At regular intervals, approximately every two 
months, It is advisable to make a more thorough 
clJeck of machine operating parameters. This will 
ensure that no progressive degradation will go 
unnoticed. The test panel facilitates making these 
checks, allowing control of tape motion off line for 
test purposes as well as providing useful Indicators 
and test signals. The test panel connector plugs into 
a connector on the control electronics. It does not 
require that Interface cables be disconnected. Using 
the test panel or other appropriate means, the 
following should be checked periodically. 

Tape speed 
Ramp times 
Read level 
Skew 
Photosensor adjustment 
Capstan and reel servo adjustment 

Procedures for checking these and other items are 
given in this section and a suggested sequence of 
lldjustments is shown in Table 4-1. 

4.7 TEST PANEL USE 

4.7.1 TEST PANEL USE 

The test panel Is standard equipment In the Model 
\ll Oil. Lo<.'11 led next to the control panel, it is used to 
perform tests und adjustments on the tuµl.· transport 
while it is off line. This eliminates the need for many 
extt?rnul test fixtures as well us saving valuable 
computer time. 

Tilt· f'u11etion of euch test panel control and indicator 
is provided in Figure 4-2. 

ll11sicully, the tt>sl panel is used for making skew, 
rump t1rnl' u11d servo adjustments. Besides providing 
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depressed before test panel can become functional, 
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TEST point and SKEW indicator, Indicator lights If tape skew exceeds the appropriate skew 
(read or write) gate setting. An oscilloscope test point ls available for monitoring skew gate 
timing. 

HOS indicator, Indicates that high density mode has been selected, 

EOT indicator, Indicates when tape has reached or passed end of tape, 

LOAD POINT indicator. Indicates when tape ls at load point, 

CYCLE pushbutton, An interlocked pushbutton which runs tape in alternating forward and 
reverse modes, t'seful for making ramp or vacuum sensor adjustments, Depressing STOP 
pushbutton terminates this operation, 

FAST FORWARD pushbutton. An Interlocked pushbutton switch that allows tape unit to run 
forward at fast speed, Depressing STOP pushbutton or EOT marker terminates this operation, 

REVERSE Rt.JN pushbutton, An interlocked pushbutton switch that allows tape unit to run in 
reverse at normal speed, Depressing STOP pushbutton or load point marker terminates this 
operation, 

FORWARD RUN pushbutton. An interloeked pushbutton switch that allows tape unit to proceed 
forward at normal speed. Depressing STOP pushbutton or EOT marker terminates this oper
ation, 

STOP pushbutton. An interlocked pushbutton switch that terminates all tape motion. 

WHITE TEST pushbutton and Indicator. A momentary pushbutton which programs 1' s to be 
written on all channels to fal'illlnte write skew adjustment. WHITE TEST remains active In 
FORWARD Rl'N mode only. (STOP pushbutton must be depressed and TEST MODE selected 
to actuate this feature.) The lndll'ator remains illuminated while unit ls In this mode. 

TEST MODE pushbutton and indicator. A momentary pushbutton selects test mode and acti
vates test panel. When indicator is illuminated, tC'sl panel Is active. (Tape unit must be off 
line and STOP pushbutton depressed before te:-;t panel will function.) 

Figure 4-2. Test Panel Controls and Indicator• 
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complete control over tupe speed t1nd direction, It 
can initiate H write test by gencrnting 11 t!rystnl 
controlled all-1 test pt1ttern on the htpc. The test 
panel also cont11ins indicator 111mps which illuminute 
when there Is <'XCcsslve skew, high density is 
selected, end of tupl' or lo11d point is re11ched, or H 

write test Is bl•ing pc>rforrned. (The skew test 
lndlcntes proper t1Jig·11ment of the rend/write heud.) 

The lest panel contains Ii CYCLE pushbutton. When 
pressed, It runs the tape forwurd and reverse 
continusously to facilllnle rRmp time and reel servo 
adjustments. 

4.7.2 OPERATION 

Pressing the TEST MODE pushbutton activates the 
test panel If the Model 9100 Is off line with the STOP 
pushbutton on the control pRnel depressed. The test 
panel Is turned off by either pressing the TEST MODE 
pushbutton lo release It or by pressing the ON LINE 
pushbutton on the control pRnel. 

4.8 HUB 0 RING ADJUSTMENT (FIG. 4-3.) 

Objects lo lock tRpe reel firmly to the hub. 

If the tape reel is loose with hub locked, check the 
condition of the neoprene 0-ring. This 0-ring 
expands when the locking lntch is depressed to secure 
reel to hub. 

O·RING 

406-9100-SOOA 

4.8.1 If the 0-rlng is not worn, but the reel won't 
seal firmly: 

a. Loosen hub setscrew until the Inner hub turns 
freely. 

b. With hub lttlch up, rotate inner hub clockwise 
while restraining the outer hub. This will 
exert more pressure on the 0-ring when the 
IH tch is depressed. 

c. Plt1ce reel on hub and lock lntch lo determine 
whether more or less lightening is required. 

NOTE 

There 11re severnl holes In the bot tom of the 
outer hub to nccommodatc the hub setscrew. 
Therefore, nfter udjustent is correct, the hub 
must be turned slightly until the setscrew fits 
into one of these holes. 

d. After the correct set ting Is found, relight en 
the hub setscrew. 

4.8.2 If 0-ring requires replacement: 

11. Loosen setscrew until inner hub turns freely. 

b. Unscrew inner hub from hub assembly. 

~
I , 

.; 
. 'I 
I I' 
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Ii 
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\ 
DECK PLATE 
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Figure 4-3. Hub 0-Ring Adjustment 



c. Replace worn a-ring with new a-ring 
(Kennedy PN 125-0030-006). Prior to 
installation the new 0-ring should be 
lubricated with silicone grease and wiped, 
leaving 11 light lubrit•uting film. 

d. Replucc i11rwr hub 11nd reudjust 0-rlng pressure 
11ccording to p11ragrnph 4.8. t. 

4.9 TAPE PATH MECHANICAL ALIGNMENT 

4.9.1 REEL CLEARANCE ADJUSTMENT/ 
HUB REPLACEMENT (Figures 4-3, 4-4) 

Object: To maintain the proper tape p11th ucross the 
top of the hub reel mounting flange und the unpainted 
area on the deck plate (see Figure 4-3). This 
measurement should be mude with a vernier caliper. 
A special shim kit, Kennedy PN 198-0100-001) is 
available fer sp11clng the hub 11ssembly properly. 

Procedures 

a. Loosen hub setscrew 11nd unscrew inner hub. 

b. Insert special spanner wrench (Kennedy PN 
154-0042-001) into setscrew holes to stabilize 
hub. Then remove the hub mounting nut with a 
socket wrench. Slide remaining portion of the 
hub assembly off ttie motor shaft. 

c. Add or remove shims es required to obtain 
0.328 inch distance from reel flenE;·c to the 
unpainted portion of the deck plate. 

d. Reassemble hub assembly. Tighten nut to 
20 +/-5 ln./lb tor uc. 

PAINT 

RUL MOTOR 

: \J-U IU'l '-1u I· lllUIURlO ON UNPAIN TlO •• , •. 

Fi11ur• 4-4. Reel Hub Assembly 
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4.9.2 CAPSTAN PARALLELISM 

The tape should not 11·uvel luterally (ride in or out) on 
the cupstan in the forwurd or reverse mode. To 
check, observe the lope on the cupstnn while the 
machine is In CYCLE mode. 

Adjustment Procedure 

Object: to eliminate uny lutcr11I tape movement on 
the cttpstun during opernlion. 

u. Wilh tupc stopped, loosen capstan screws (see 
Figure 4-5). 

b. Buck off both ct1pstun udjustmcnt setscrews 
until they no longer touch the ct1pst11n motor 
mounting plute. 

c. Retighten both cupstun ttdjustment setscrews 
until they press lightly against the capstan 
motor mounting ph1tc. 

d. Place muchine in CYCLE tt~t mode. Observe 
tape position on the capstan. If tape moves 
OUTWARD, tighten both nd1ustment screws 
equally until OUTWARD le teral movement 
censes. If tape moves INWARD, loosen both 
adjustment screws equally ur1til lnwarci lateral 
movement ce11ses. 

c. Retighten c11pstan selserews and recheck. If 
lateral tupe movement has been eliminated, 
adjustment is eomplete. Otherwise, repeat 
udjustmcnt procedure. 

CAPSTAN SCllEW 

CAPSTAN ADJUSTMENT SCREW 11~ - 0106 

Figure 4-5. Capat•n P•r•ll•li•m 
Adju&tment 
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4.lO CHECKING SUPPLY VOLTAGES 

Here Is a list of supply vollages and their test points 
In the Model 9100. 

+24v - case of Q27, Q2B. Q31, Q32, Q35 (MJB02), 
heatsink (+26v under light load) 

-24v - case of Q29, Q30, Q33, Q34, Q36 (MJ4502), 
heatslnk (-26v under light load) 

+lOv (+0.5,-0.2v) Sensor Amplifier/Driver, 
test point A 

-lOv {+/-0,B) Sensor Amplifier/Driver, 
test point B 

+5v (+/-0.25) Sensor Amplifier/Driver,· 
test point C 

NOTB 

(1) Use ch11ssis ground when making voltage 
measurements. 

(2) Make certain power ls switched OFF when 
removing or replacing circuit boards. 

If the voltages are not correct, the trouble Is either 
In the power supply or due to an overload on the 
power supply. Removing each circuit board whlie 
monitoring supply voltage can help isolate the cause 
of any overload. Al.>o, be sure to check the power 
supply for burned, open, or shorted components. The 
power supply Is protected against short circuits in Its 
regulated voltage circuitry. 

4.11 REEL SERVO ADJUSTMENT 

4.11.1 CENTERING ADJUSTMENT 
(RlO, Supply Servo; R69, Takeup Servo) 

Object: to center tape In both vacuum columns when 
tupe is stopped. 

NOTE 

Tape loops must be in both vucuum columns during 
adjustment. 

a. Lo11d tape und 11dvHnce it to loud point. 

b. Adjust RIO on the servo preamp until tnµc looµ 
is center in the supply v11cuum column. (Note: 
While adjusting, m11ke Cl'rluin tnpe loops 
remuin within both v11c1aim eol11rn11s.) 

c. Hept'Hl stC'ps 11 Hild b lo 11dj11st R69, the take11p 
servo zc~r·o 11dj11stment. WhPn C'omplelPd, both 
reels should be st11t11J11111·y, with lhl' t11µP 
centered in both v11t•1111111 l'olumns. 
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4.11.2 GAIN ADJUSTMENTS 
{R24, Supply1 R83, Takeup) 
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Object: to eliminate any overshoot of the tape loop 
In the vttcuum column when tape changes direction. 

Procedure: 

a. Connect a zero-centered voltmeter to test 
point A on the Servo Preamplifier board. Use 
chassis ground. 

b. Turn power on; advunce tape to load poln t. 

c. Rotate supply reel to permit tape to rise to 
top of the supply vacuum column. Voltage at 
test point A should be approximately +2 vdc. 

d. Rotate supply reel to pull tape almost out of 
the supply vacuum column. Voltage at test 
point A should be nominally -2 vdc. 

e. Press TEST MODE and CYCLE pushbuttons on 
test panel. Tape will continuously alternate 
between forward end reverse. Check for 
overshoot when the tape loop changes position 
es the tape changes direction. If overshoot 
occurs, adjust R24 until it is eliminated. 

· f, Repeat steps b, c, and d to check and adjust 
R83, the tekeup reel servo gain control. 

4.12 VACUUM SWITCH 

The vacuum switch is located In the rear of the deck 
assembly in the upper right hand corner on the 
column plenum cover. This switch is a safety device 
to prevent possible tape breakage. It will operate to 
shut off the tape transport whenever the vacuum 
pressure within either vacuum column drops below a 
predetermined level. The objective of adjustment Is 
to determine end set the pressure level at which the 
vacuum switch will actuate. 

Equipment required: Kennedy Vacuum Test Box, 
Kennedy Part No. 154-0041-001 or equivalent. 

u. Connect vacuum gauge and ohmmeter to the 
vacuum switch as shown In Figure 4-6. To do 
this, one end of the vacuum switch hose must 
be detached and connected to the vacuum test 
box "T'' fitting. Then the hose on the opposite 
end of the "T" filling is altuchcd to the 
vacated hose fit ting on thP. vucuum switch. 
Also, delttch the green/white(+) wire from its 
terminal on the vacuum switch. Connect iL to 
chassis ground prior to at tuching tt1e 
ohmmeter to the pmiitive terminal on the 
vacuum switch. 

b. With machine on and a tape 11t loud point, 
t>over the bleed hole (see Figure 4-6). This 
gives maximum vucuum pr~·ssurl', v.hich should 
nlC'ust!re between 17 1111cl 21 inelH~', of w11tcr 11t 
Sl'11 level, or 15 to 19 inl'lll's of w11tf'r al 4000 
feet 11Jlitude. 



VACUUM SWITCH • 
MANIFOLD (IEHIND) 

VACUUM TE T X 

~ 0 
...... w 
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Flgur• 4-B. V•cuum Switch Adjustment 
c. Uncover bleed hole. Adjust bleed adjustment 

screw until switch closes. (Ohmmeter will 
Indicate 0 ohm). Pressure. should be between 
10 Inches and 14 inches of water. 

d. Tighten bleed adjustment screw to obtuin 
pressure reading which ls 4 incl1es higher then 
pressure obtained In step c. Adjustment is 
complete. 

4.13 VACUUM COLUMN ADJUSTMENT 

Equipment required: Kennedy Vacuum Test Box, 
Kennedy Part No. 154-0041-001 or equivalent. 

Objective: to develop one-hnlf to two-thirds of 
vacuum present at the vucuum sensor. This 
adjustment should follow, not precede, the v11cuum 
switch 11djustn1cnt. 

Using Hn Alien wrench, un~ercw ttw 6/32 Allen 
screw from the left hund side of the supply 
vacuum column. lnsl!dl the threaded vucuum 
hose fitting 11nd vucuum gu11ge in the monitor 
screw hole (see Figure 4-7). 

b. With the machine turned on and 11 tnpc nt loud 
point, meusure the v11cuurn. (Tupe loops must 
be present in both vucuum columns to obtain 
11ccurttlc reudings). Vucuum should be one-hnlf 
lo two-thirds of thr final 111e11surl'rnl•nt 
obtuined in step b of the v11ct111m switch 
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Figure 4-1. V•ruum Column Adjustment 

adjustment. (At sea level, pressure should 
measure bet ween 1 o Inches and 14 inches of 
wuter. At 4000 feet, pressure should measure 
between 9 inches and 12.5 inches of water.) 

' 
c. If a correct vucuum reading is not obtained, 

adjust the appropriate vucuum column 
adjustment screw shown in Figure 4-7 as 
required. 

d. Detach the vacuum test box and repluce the 
monitor screw. Repeat adjustment procedure 
on the takeup vucuum column. 

4.14 CAPSTAN ZERO ADJUSTMENT 

The cupstan should not move when the tape Is 
stopped. A zer,o ndjustmcnt is provided on the tlervo 
preamplifier to remove the rffccts ol' component 
tolcrunces. 

Procedure: 

11. If c11pst1111 rotates slowly when tape is stopped, 
grusp c11pst11n with tap£' lo11dl•d nnd turn first 
clot'kwise, then counterclockwise. Cupstun 
will show u rcluctunce lo turn. If turned 
gently 11 smuil dend zone cnn be detected. 
This deud zone should be 11pproxim11tciy the 
s11111e for either dircl•lion of motion. If 
udjustmcnl is required, connL•ct 11 voltmeter or 
scopl• probe to lest µoin l l.J of the servo 
module. 
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b. Advance tupe to loud point. 

c. Rotate zero Adjust pot R 139 to bring meusured 
voltage to zero. 

4.15 PHOTOSENSOR ADJUSTMENT 

Cadmium sulfidl' photuresistive cells 11re used to 
detect loHd point 1md end of tnpe. Since their sensi
tivity varies with time, zeru udjustmenl Rl6 on the 
sensor amplifier driver has been provided. If loud 
point or end of tape is not signaled by the sf!11sors 1111d 
they are clean, adjustment is required. 

Procedure: 

a. Verify that both lamps at photosensor are 
Illuminated. 

b. Connect e de voltmeter from test point E to 
test point F on the Sensor/Amplifier Driver 
module. 

NOTE 

These points are both off ground. If a scope is 
used instead or'e voltmeter it must be isolated 
from ground or the two inputs added with one 
channel inverted. 

c. Adjust potentiometer R16 for 0 volt between 
test points E end F. 

4.16 TAPE SPEED ADJUSTMENT 

Normal tape speed is controlled by Rl4 on the ramp 
generator. This control is set at the factory and 
normally will not require adjustment. There ure two 
methods for checking speed. 

Strobe disk ml'lhod 

11. Mount strobe disk on the c11pst1111 (Kennedy PN 
291-5572-00 I, -69 Hz type; 291-5572-002, -50 
Hz type). Position a fluorescent light 11 few 
feet from the e11pst11n. 

b. With tupe running at normal speed, adjust Rl4 
on ramp generator for a steady strobe disk 
pattern if necessary. If Rl4 must be adjusted, 
cheek rend preamplifier gain settings 
(puragruph 4.19). 

Skewmaster Tnpc Method 

Ii. Mount skcwmastPr lnpe on 11111chirw us 
described in l'l'Ud skew ndjust men!. 

b. Observe w11veforn1 11l one preumplifiN ll'st 
point. 

e. Set the time for one complete sine w11vc cyl'll' 
(two bits) ul u vulue determined by 

tim~ in ms= IOOx 
2:1 

s1)eed (ips) 
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by adjusting Rl4. Note that the waveform will 
not be entirl'ly stutionury on the scope owing 
to smnll rnpid speed vnrintions. These should 
be visually uvl'ruged. 

d. If speed udjustmenl was mude check rend 
preump guin settings (parugruph 4.19). 

4.17 START /STOP RAMP TIME ADJUSTMENT 

To ussure uccurnte lope gap generation, tnpe must 
linearly ucC'elerate to normul runni11g speed und 
linearly det•elcrutc lo stop. The sturt und stop rnmp 
voltuges required !'or this lincnr movement ure 
controlled by rump gerwrulor potentiometers R3 und 
R4, respectively. Rump liming is the same for both 
forwnrd und reverse modes. 

To adjust slurt und stop rump timing: 

Procedure 

· a. Connect channel I of oscilloscope to output of 
the Ramp Generutor board ut lest point A. 

b. Connect oscilloscope's extermll trigger Input 
to pin C (SFC/) of the Interface PC board, 
using un extender bourd. 

c. From computer or lupe trunsport exerciser 
issue a series of Synchronous Forward 
Commands (SFC/) to the trunsport. Each SFC/ 
transition should lust upproximutely two rump 
times. (Compute rump time Tr formula below, 
then multiply results by two.) Tr is measured 
in milliseconds und its tolerance equuls +0%, 
-5%, where: 

Tr (-5% +0%) 375 
tupe speed 

<lOllr 

t 
- t 

<IDllr_J ~ 
-Tr~ 

( Q 7. i(.l) 

·NOTES 

I. Tr equals 97% of the totnl rump voltnge, 
Vo. 

2. Ramp vollugt• should be ut ground ut 
beginning of rump. 



d. To adjust start r11mp, sync oscilloscope on 
leading edge of SFC/ input sig1111l and observe 
waveform. 

e. Compare vulucs from use of formula with 
those read from oscilloscope presentation. 

f. Adjust R3 to obtuin correct start rump. Use 11 
11onmet11lllc adjustment tool. 

g. After start ramp 11dj11stment1 make ccrtuin Td, 
which is defined us 3% of ~ump voltage Vo, is 
less than 10% of r11mp time Tr. 

h. Perform steps d through g to adjust stop ramp 
time. Adjust R4 und sync oscilloscope on 
truiling edge of SFC/. 

I. After start ramp adjustment, make certuin Td 
is less than 10% of ramp time Tr. Adjustment 
is complete. 

4.18 REWIND SPEED 

Rewind speed is not adjustable. It is determined by 
fixed vulues on the Rump Generator card. 

4.19 READ LEVEL ADJUSTMENT 

This adjustment sets gain of the Re11d Preamplifiers 
to the correct level. Too much gain will introduce 
noise and too little will aggravate dropouts. 

a. Load a reel of scratch tape on the transport, 
write enable ring in pince. 

b. Select TEST MODE. 

c. Select WRITE TEST, FORWARD RUN. 

d. Observe wuvef'orrm. 111 lest point l'or each 
channel on Read Prcumplif'icr. 

---- ___ l'l~luD _ 
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e. Me11sure peak-to-pe1ik 11mplitude and set for 8 
+/-0.5 volts using channel gain control on Read 
PrcHmplificr. llepc11l for ettch chunnel. Note 
that the read level is 11bout 10 percent higher 
when the muchinc is oper11ling in rc11d-ufter
writc mode than when in the re11d mode. This 
effect is cuused by small un11void1tble magnetic 
remunence in the write head und the erase 
head. Skewmuster tupes should NOT be used 
us 11mplituc1e reference for this reason. 

4.20 SKEW ADJUSTMENT 

Skew is one of the most important purumcters in 
re11ding NRZl date. Since, in u read-after-write 
hc11d, dutu is reud with one gap and written with a 
second g11p, rend and write skews are in general 
different and must be compensated separately. Only 
when both are properly set cun the machine be said to 
be deskewed. In the Model 9100 the read gap is 
deskewed mech11nica1ly while digitally controlled 
delays are used to deskew the write gap. 

4.20.l READ SKEW ADJUSTMENT 

When deskewing the reed gap, the head Is 
mechanically tilted to have its gap at an exact right 
angle to the tape. This is accomplished using a 
skewmaster tape (see maintenance tools). 

HEAD 
COVEP-..._ 

SKEW 
ADJUSTMENT 
ACCESS HOLE 

Figure 4-8. 

SKEW 
ADJUSTMENT 
SCREW 

110-0107 

Head Skew Adjustment 

• 

• 
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11. Lo11d skewrnusler on tr11nsporl. Bl• sure write 
e1111ble ring· is 111 issing. 

b. Press TEST MODE button. 

c. Press FORWARll RUN. 

d. Observe s1, El\ indic11tor Hild ttdjust skew 
udjusling screw on the heud mounting 'pl11te 
(Figure 4-8) until indiculor docs not come on. 

For gre11ter precision, 11 scope probe muy be 
connected lo the TEST term in11l on l.,e lest p1111el. Al 
this point the p1tltern Will be II grouping or nine pulses 
RS e11eh eh11nnel "report>; in." At optimum skew 
selling, these pulses occupy lhc minimum spreud. 

4.20.2 WRITE SKEW ADJUSTMENT 

The Model 9100 fe11l11res 11 unique digit11I deskewing 
11rrangcment for d:!skcwing the write he11d. Since 
wrile-relll.J skew is II 1'11nelion or hcttd geometry 1md 
docs not ch11nge, write deskewing dcl11ys nrc 
det~rmined Ht the rnctor·y Hild CHCh hend h11s II 

deskewing ch11rt showing the nppropriute write 
ampllrier deskew switch settings ror thut he11d. All 
channels are rererenced to the P chunnel (or C In 
seven-track units). 

If for some reuson it is neccssury to deskew the write 
hend in the field the procedure is us follows: 

n. Proceed 11s in re11d level 11djustrnent 1 p11r11gr11ph 
4.19. 

b. Connect 11 duul ch11nncl scope chunnel I to the 
P ch11r111el test point on the H.cud Preurnpli rier. 
Set rlternute sweep, trigger chunncl I 
intern11I. 

c. \onnect scope eh11nnel 2 lo test point ror l11pe 
ctmnnel 5 nnd observe puttcrn. Set sweep 
speed to displ11y onl' half' sine wuve cycle. 

d. Observe scp11rulion of penks displ11ycd. Note 
thnt becnllsl' or sm11ll v11riutions in speed 11nd 
skew the p11llern will not bl• entirely 
stu lionnry. 

e. Set skc•w -;witc•li for elrnnnel 5 fur· 111ini11111111 
pe11i.. ~l'(H1r11 liun. 

f. Hepeul for e11eh of lhc· rc•11111i11i11g Sl'Ven 
ch11nncls. 

4.21 HEAD FACE SHIELD AD.IUSTM ENT 

A shield is loc11ll•d over the 11111gnelit• ln·ml ~11rfm•c· lo 
reduce wrilP-rl'11d cro~slul(... Its ~µ11c•1111j, dcll'l'll1111ed 
by 11 spring slop, is i111porl1111t. Tilt· spri11~ slop i~ 
11djust11blc· 11s lulluws: 

4U6-91Ul-IUOB 

11. Loosen slop ~wrcw with lupe removed from 
much inc. 

b. Insert three thicknesses ol' t11pe (IJ.UU6 inch) 
bl•l ween shield surf'Hl'l' und top surfucc of 
heud. Do nol use reeler g11ugcs, since they 
muy scrutch the heud s11rf11cc. 

c. Prl•ss shield 11g11inst tupc firmly 11nd lighten 
stop screw. · 

d. Hemovc t11pe pieces by lifting shield. 

4.22 BLOWER MOTOR BELT TENSION ADJUSTMENT 

Objective: To 11dj11sl tension of blower motor bell lo 
11pproxim11tcly 1/4 inch (11pproximutcly 6 mm) of 
deflection. (Sec Fig·ure 4-9.) 

Equipment needed: Spring sc11lc (0-lUUU gm), 150 mm 
(6 inch) ruler. 

Procedure: 

11. Secure primary power to unit. 

b. Remove re11r 11ccess cover loc11ted Hbove 
primury input power connection • 

c. Using a pencil, nrnrk vcrlieul position of drive 
belt midpoint. 

SPRJN1; Si.ALL 
110-0191 

Figure 4-9. Blower Motor Belt Adjustment 
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d. Attach spring scale to drive belt midpoint end 
apply 1000 gm ten!iion. 

e. Again mark vertical position of drive belt 
midpoint. 

f, Using the ruler, measure the distance between 
the two midpoint positions. Measurement 
should be epproximetely 1/4 inch (6 mm). 

g. If deflection is incorrect,· loosen adjustment 
nuts end move blower to the right to increase 
tension or to the left to decrease tension. 
Retighten nuts and repeat steps c through f, 

h. After adjustment is completed end verified, 
replace access cover. 

4.23 TROUBLESHOOTING 

Troubles that cen arise in the Model 9100 cen usually 
by classified es either mechanical or electrical but 
often the classification mey be confusing because a 
basically mechanical problem can cause whet appears 
to be an electronic malfunction end vice verse. In 
any case the problem should be thoroughly analyzed 
before adjustments are made. 

Electronic troubleshooting is greatly facilitated by 
the modular construction: a new card may be 
substituted and the effect observed. Most difficult, 
of course, ere subtle .. problems end those of en 
Intermittent nature. 

Visualizing solution (Megnesee) is useful under certain 
conditions for troubleshooting. At high densities the 
date cannot be satisfactorily resolved but such 
problems es a deed truck, improper gap length, etc., 
can be isolated rapidly by its use. 

If a tape hes hed \·isuelizing solution applied to it DO 
NOT reuse that portion of the tape as it will 
contaminate the heed. Cut the visualized portion off 
end discard. 

To use visualizing solution, shek(? the can thoroughly, 
remove top end pass portion to be visualized through 
the solution. Snup the tupe vigorously to remove 

.. excess solution and let dry. Iron powder will be left 
in magnetized areHs. This cen be picked off using 
Scotch tape end applied to 11 sheet of puper for 
permanent rel'ord. 

4.23.1 HIGH ERROR RATE 

Usually the more difficult problems involve 11 higher 
then permissible error r11te for which, ut first glance, 
there is no obvious rc11son. If oper11ti11g propt•rly with 
good tape the transport should mukc very few errors 
in writing 11nd if rewriting is included in the progrum 
it should muke no reed errors. 
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Useful clues are: 

11. In whnt mode - reud or write - are meny errors 
occurring'/ 

b. Al wh11t point in the block does the error 
occur? 

c. Whet is the nature of the error: VRC, CRC, 
LRC? 

d. Are the errors pattern rclutcd'! 

e. Do errors occur only on certain sets of 
communds'I 

The first thing to be done is to inspect heud and other 
items in the tape path for dirt accumulations. Be 
sure everything is cle1rn. Check the tape being used 
end try H new reel if tape is doubtful. Check 
interface connections for broken wires or bed 
contracts. Table 4-2 is u troutlleshooting chart 
concerned with high error rate. 

4.23.2 COMPATABIL!TY 

Model 9100 uccepts und produces tapes conforming to 
the ANSI standards. Occasionally compatibility 
problems can arise: 

a. Tapes writ ten by end acceptable to the 9100 
are not acceptable to another transport. 

b. Foreign tapes cannot be read by the 9100 but 
its own tapes can be. 

Three items may be involved: skew, speed, ramp 
times. These should be checked es described in the 
adjustment procedures. 

4.23.3 OTHER MALFUNCTIONS 

Normal trouble shooting procedures ere involved In 
finding electronic mulfunctions. The first things to 
check nrc the supply voltages: 

+/-24 volts nominal unregulutcd will normally 
be Hbout +/-26 volts under light lo11d. 

~/-IU volts +/-0.5 volt 

+5 volts +/-0.25 volt 

Convenient test points for rnc11suring ~upply voltuges 
arc: 

+24v - c11sc of Q9 (l\1J802) on hcutsink 
-24v - cuse of Qi'o (MJ4502) on hcntsink 
+!Ov - Sensor Amplifier/Driver TPA 
- I llv - Sensor Ampli ficr/Drivcr TPA 
15v - Sensor Amplifier/Driver TPC 

• 

• 

• ~· 
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Ob serve d H' h : l_gl h" error ra e - c ean mac rne_.__K9o d t:m_e 

Symptom Possible Cause Indication 

Continuous errors, every Broken connection to interface Continuity 
block (read mode) or internally 

Bad preamp channel No output at test point on write 
test 

Bad quad read amp channel No data at test point 

Tape speed grossly wrong Visual or skewmaster 

Bad head channel No output at preamp test point 
on write test 

Continu·ous errors, write Broken connection on write Continuity 
mode only data cir WDS lines 

Bad write amp channel No signal in write test mode 

Fre4uent v.Tite errors, few Write-read crosstalk Noisy signal at preamp test 
or no read errors point 

Frequent CHC, LHC errors, Wrong CRC generation in Wrong data at input 
no VRC errors interface 

Read or write errors only Ramp time wrong Read signals appear before 
at start of block ramp Is complete 

Read errors on long- blocks Tape path misaligned Tape bears heavily on one 
only guide surface 

Pattern related errut·s Write-read crosstalk Noisy signal at preamp test 
point 

Table 4-2. Troubleshooting 

Action 

Correct connection~ 

Replace preamp. 

Replace quad read amplifier. 

Adjust speed. 

Replace head. 

Correct connection. 

Replace write amp. 

Check preamp gain. 
Check face shield spacing. 

Correct interface. 

~-. 

Adjust ramp time. 

Mechanical alignment. 

C'heck preamp gain. 
Check face shield spacing. 

• 
Reference 

4.16 

4.23.5 

4.19 
4.21 

4.17 

4.9 

4.19 

.i:. 
0 
O> 
I 

tD .... 
0 .... 
I 
t.l 
0 
0 
tD 



Control Malfunctions 

Symptom Possible Cause Location 

Tape breakage or abortcu load Misadjustcd reel servo(s) on Side panel 
Servo Preamplifier· module 

LOAD pushbutton acti vatcs servos when Broken tape signal clears LOAD 
pressed but does not hold flip-flop 

a. Sensor Amplifier/ Driver module Card cage 

b. Pushbutton Control module Card cage 

c. Photosensor (BKN) malfunction Deck 

d. Sequencer module Panel 

e. Vacuum switch and/or vacuum Deck, 
blower blower 

Tape feeds forward after load point a. Marker strip missing from Tape 
marker should be sensed and is tape 
rewound to physical end of tape 

b. Misadjustment of photosensor Card cage 
on Sensor Amplifier/Driver 
module 

No EOT signal Same as load point above but for 
EOT 

REWIND pushbutton inoperative Logic malfunction, Pushbutton Card cage, 
Control module, Sequence module side panel 

Rewind does not stop at LP but continues a. Same as above 
until tape is wound off reel 

b. Photosensor adjustment wrong, Card cage 
Sensor Amplifier/Driver 
module 

Reels rotate uncontrolled when power is a. Servo preamplifier malfunction Side panel 
turned on with tape in both vacuum 
columns 

b. Servo power amplifier (bad Heats ink 
power transistors) 

Tape moves erratically, slips on capstan Head face shield touching tape Deck 

Capstan turns slowly when it should be Capstan zero adjustment, Servo Side panel 
stopped Preamplifier module 

Table 4-3. Troubleshooting 

• • 

Action 

Readjust. 

Replace module. 

Replace module. 

Replace sensor. 

Replace module. 

Fix. 

Apply reflective strip. 

Adjust photosensor, 

Replace module. 

Adjust photosensor, 

Remove preamp. If reels 
stop, replace preamplifier 
module. 

Replace heatsink assembly 
or locate and replace bad 
power transistors. 

Adjust face shield setting. 

Adjust for zero. 

Heference 

4.11 

4.23.6 

4.15 

4.15 

4.15 

4. 21 

4.14 

• 
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Voltuges ure measured to chassis (ground). Plus or 
minus 24 volts will l!icrease to +/-32 volts when speed 
ls greeter then 150 ips. 

NOTE 

· TURN POWER OFF WHEN REMOVING OR 
INSERTING CARDS. 

If the voltages ere not correct the troullle is either in 
the power supply or in the fact that the malfunction 
is loading the supply excessively. Pulling cards from 
their sockets can help isolate en overloaded 
condition. The power supply Is short-circuit 
protected on the regulated voltages. Assuming the 
voltages ere correct, Table 4-3 should help in 
Isolating melftmctlons. 

4.24 PARTS REPLACEMENT 

In · most Instances assembly methods for perts 
replacement ere obvious. Electronic perts ere nearly 
ell on plug-in modules. Items in the tape path may 
require machine realignment If replaced. If only one 
item is replaced at 11 time the complete alignment 
procedure usually may be avoided. Examples follow. 

4.24.l HUB REPLACEMENT 
(Refer to paragraph 4.9. t) 

4.24.2 0-RING REPLACEMENT 
(Refer lo paragraph 4.8.2) 

4.24.3 HEEL MOTOR HEPLACEMENT 
(Kennedy PN 190-5698-001) 

11. To expose motor mounting screws, remove the 
hub assembly es described in purugruph 4.9.1. 

b. Using e 5/32 ir1ch Allen wrench, unscrew the 
four motor mounting screws end lift the reel 
motor out of the chussis. 

4.24.4 CAPSTAN MOTOR REPLACEMENT 
(Kennedy Purl No. 198-5823-001) 

Procedure: 

fl, Detueh t•11psl1111 connecting cubie. 

b. After removing mounting nut, detuch c11pstun 
with cupslun puller (Kennedy Purl No. 154-
0043-001) . 

c. Using n 5/:12 irwh Alien wreneh, remove the 
four cupslun motor mounting screws und lift 
the cupsten motor out of the chussis. 
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4.24.5 MAGNETIC HEAD REPLACEMENT 

Repluccment heuds 11re supplied as complete 
usscmblics together with mounting plate. A write 
deskewing ch11.rt is supplied with each head. 

e. Remove heed cover. 

b. Unplug heed connectors. 

c. Remove heed mounting screw end remove 
heed, passing connectors through the panel 
hole provided. 

d. Be sure adjusting screw on replacement heed is 
almost completely unscrewed. 

e. Mount new heed with mounting screw fairly 
loose. Screw in adjusting screw until point 
protrudes enough to engage its conical locating 
hole. Tighten mounting screw. 

f, Plug in heed. 

g. Deskew the reed heed as described in the 
deskew adjustment procedure. 

h. Set deskewing switches on write amplifiers to 
correspond to chart supplied • 

i. Stick chert over old chert to record switch 
settings. 

4.24.6 PHOTOSENSOR REPLACEMENT 

a. Remove photosensor assembly by unplugging 
end removing mounting screws. Since It will 
not pass through the hole provided, the 
connector must be removed by cutting the 
cable. Retain the connector. 

b. Replacement sensors are provided with 
connector pins crimped to wires but with 
connector shell not installed. 

c. Replace assembly, passing wires through hole 
provided. Replace screws. 

d. Snap pins into connector shell in same color 
sequence as in the shell removed und plug in. 

e. Adjust us described in Rdjustment procedure. 

4.24.7 TAPE CLEANER REPLACEMENT 

11. Hernove head cover. 

b. Remove circular snap-in plug cover. 

t•. Ht·rnovc mounting screw end tape cleuncr. 

d. Mount new cleaner ttssernbly with mounting 
screw finger tight. 



e. Adjust cleaner surfa<?e so that It just to1whes 
the tape and is parallel to the tupe surftlce. 

r. Tighten mounting screw and :nstall snap-in 
plug <?over. 

4.H MODULE f\EPAIR 

If the difficulty is traced to a plug-in module during 
troubleshooting, it will usually not be too difficult to 
find the component al fault and repair the module. 
All parts used in the electronics are standard 
commercially available units end may be replaced by 
others of like type and rating. Normal good practice 
and workmanship should be exercised. 

4.28 MAINTENANCE TOOLS 

In addition to normul cle<?tronlc tools end test gear 
(an oscilloscope, voltohmmeter, etc.) the following 
llei,ns should be available for service and repair. 
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Vacuum guuge, Kennedy PN 154-0067-001 
Spanner wrench, Kennedy PN 154-0042-001 
Set of nut drivers or open end wrenches 
Phillips and standurd screwdrivers 
Cupstun puller, Kennedy PN 154-0043-001 
Skewmuster tape, Kennedy PN 154-0046-001 

M11inten11nce kit, Kennedy PN 190-2324-001, 
contuining: 

Head cleaner 
Hex socket keys - 7 /64, 5/32, I /8, 3/32 
Lint-free swubs 
Reflective murker strips 
Magnasee visualizing solutio11 
Loctite gr11de H 
Card extender, Kennedy PN 190-2224-001 
Belt Tensiorneler, Kennedy PN 154-0568-001 
Strobe Disk, Kennedy PN 291-5572-001 

Optional maintenance tools: 

Extension hose set, Kennedy PN 154-0044-001 
Blower extension cord, Kennedy PN 154-0045-001 

• 

• 

• 
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SECTION V 

PARTS IDENTIFICATION 

!5.l SPARE PARTS ORDERING INFORMATION 

This section de1::1cribes the replaceable parts in your 
tape unit which are available only from Kennedy 
Company, Many parts of the unit are common com
mercial parts and can be obtained locally from the 
manufacturer, These parts are marked with the 
manufacturer's nnme and part number and arc not 
listed herein, 

The serial number and part number of the tape unit 
are the keys to numerous engineering details apply
ing to your unit, These numbers are located on the 
serial number tag located on the i·ear panel of the 
unit, When ordering spare parts, accessories, or 
tools always specify the serial number and part num
ber of your unit, 

Changes to Kennedy units arc sometimes made to 
accommodate improved components as they become 
available, and to give you the benefit of the latest 
circuit Improvements developed In our engineering 
department, If a part you have ordered has been re
placed by a new part, a Kennedy representative will 
contact you concerning any change In part number, 

All part orders should be addressed directly to 
Kennedy Company. Parts Order Department, 5·10 
West Woodbury Hoad, Altadena, Ca 91001, telephone 
(213) 798-0953, 1WX 910-588-3751, 

!5.2 IN-WARRANTY REPAIR PARTS ORDERING 
INFORMATION 

Hepair parts for In-warranty units are made avail
able on an exchange basis through the Kennedy Com
pany Customer Engineering Department, 

The serial number and part number of the tape unit 
are necessary in order to Insure shipment of the 
proper replacement parts • 
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All Inquiries should be directed to Kennedy Company• 
Customer Engineering Department, 540 West Wood
bury Hoad, Altadena, Ca 91001, telephone (213) 7!JH-
0953, TWX 910-588-3751, 

5.3 EXPORT ORDERS 

Customers outside the t:nlted States and Canada an• 
served by Kennedy Company lnternai.lonal sales 
agents, All correspondence regarding your tape unit 
should be di reeled to your sales agent, If you prefer, 
correspondence may be addressed directly lo Kennedy 
Company, Parts Order Department, 540 West Wood
bury Hoad, Altadena, Ca 91001, TWX 910-5~8-3751, 
cable KENNEDYCO, 

5.4 ILLUSTRATED PARTS LIST 

To assist in parts identification, an illustrated parts 
list is included with references to photographs of 
the machine, Part numbers beginning with an 8 or 
198 are listed again in the Recommended Spare Parts 
List at the end of this section, Kennedy Company 
recommends that these parts be ordered as spares 
to minimize machine downtime due to equipment 
failure. Certain parts on this list have no quantity 
indicated, We recommend ordering one of each "Llch 
parts for remote Installations where parts delivery 
is time consuming, 

5.5 FIELD KITS 

Some replacement components may be supplied in 
the form of repair or field change kits, The repair 
kits contain parts that are matched or a9sembled and 
adjusted at the factory because of complexity or to 
aid the field technician, The components ordered 
as field kits either by correspondence with Kennedy 
service engineers or by direct order will be supplied 
with eomplete Installation lnstrul'llons. The change 
kits are Intended for standard or special options not 
oribrinally Included In the unit, 



Figure 5-1. Model 9100 T~pe Transport: Front View 
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PARTS LIST 

Item No. Part No. Description Notes 

1-1 190-5654-001 Door Assy 
1-2 391-5736-001 Dust Cover Hinge 
1-3 191-2939-001 Hinge Pin 
1-4 404-5662-001 Deck Assy 
1-5 198-5699-001 Capstan 
1-6 198-0018-001 Takeup Column Cover 
1-7 198-5675-001 Takeup Vacuum Column Assy 
1-8 890-5732-001 Split Tape Guide Assy, Ceramic 
1-9 291-2775-009 Magnetit? Head Cover 
1-lOA 198-2399-025 Head and Head Mount Assy, 9 track 

198-2399-026 Heed end Heed Mount Assy, 7 track 
1-11 198-1138-001 LP/EOT Photosensor Assy 
1-12 198-1139-001 Broken Tepe Photosensor Assy 
1-13 890-5750-001 Tepe Cleaner Assy 
1-14 198-0017-001 Supply Vacuum Column Cover 
1··15 828-0156-001 Catch, Vacuum Column Cover 
1-16 198-5674-001 Supply Vacuum Column Assy 
1-17 890-5655-002 Test Panel Assy, Duel Density 
1-17 890-5655-003 Test Panel Assy, Duel Density, 45 lps 
1-188 198-0110-001 Reel Hub Assy 1, 2 
1-19 198-5687-002 Pushbutton Control Panel Assy 
1-20 190-5658-001 Control Panel Cover Assy 
1-20 190-5658-002 Control Panel Cover Assy with Density Select Switch 
1-21 151-0034-001 Thumbwheel Switch, 1 to 4 (parallel) 
1-22 825-0085-001 Tepe Guide 
1-23 128-0153-001 Adjustable Grip Latch 

NOTE 1: These perts have detailed perts views on following page. 

NOTE 2: Assembly includes shims for setting hub clearance. Refer to paragraph 4.9.1 of O/M manual 
for adjustment procedure • 
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Item No. 

2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 
2-10 

4 

3 

Part No. 

190-4778-002 
191-4709-001 
190-4704-001 
125-0030-006 
191-4708-001 
291-4705-002 
128-1000-095 
198-0082-001 
191-3451-001 
191-4710-001 

MAGNETIC HEAD 
ASSEMBLY 

HOA 

) 

6 

!! 

7 

808-9100-4000 

REEL MOTOR 

I ' 
DECK PLATE 

REEL HUB 

Figure 5-2 

P•rta List 

Hub Latch Assy 
Hub Setscrew 
Outer Hub Assy 
0 Ring 
Hub Mounting Nut 
Inner Hub 

l·lBB 

Description 

Screw, 10-:12 x 7/8', Hex Hd, Stl Cad Plate II 
Shim Set 
Thrust Washer 
Key (3/16" x 3/16" x 3/4") 

• 

• 

• 
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Figure 5-3. Rear View: With Psi al 
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Figure 5-4. Rear View: Without Panel 
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Item No. 

3-1 
3-2C 

3-3 
3-4 

3-5 

3-6 

3-7 
4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-B 
4-9 
4-10 
4-11 
4-12 
4-13 
4-14 
4-15 
4-16 

4-17 
4-lB 
4-19 
4-20 
4-21 

Pert No. 

190-5657-001 
B90-5659-001 
B90-5659-002 
B90-5659-003 
B90-5659-004 
B90-5659-005 
B90-5659-006 
l90-56B6-001 
851-0066-001 
198-0067-150 
198-0067-0BO 
B51-0802-001 
19B-0133-030 
851-0B02-001 
190-0133-0BO 
19B-0133-050 
121-9001-003 
198-56B3-001 
l9B-0064-001 
190-4013-001 
121-0172-005 
B90-5656-001 
B90-55B4-001 
121-0171-001 
121-0140-010 
B90-5686-001 
B45-0016-001 
B90-5707-00l 
121-0172-005 
121-0140-005 
B90-569B-001 
B90-5725-001 
145-0005-001 
145-0005-002 
B90-2641-004 
115-0019-001 
147-1520-050 
B47-1520-101 
115-3610-449 
191-5705-001 

PARTS LIST 

Descrlpt ion 

Card Cuge Assy, Duel Density ( w/o modules) 
Voeuum Blower Assy, 11 O vuc, 60 Hz, O' to 4000' alt 
Vacuum Blower Assy, 220 vec, 50 Hz, O' to 4000' alt 
Vacuum Blower Assy, 11 O vec, 60 Hz, 4000' to 8000' alt 
Vacuum Blower Assy, 11 O vac, 60 Hz, BOOO' to 12000' alt 
Vacuum Blower Assy, 220 vac, 60 Hz, O' to 4000' alt 
Vacuum Blower Assy, 240 vac, 50 Hz, O' to 4000' alt 
Power Panel Cover Assy 
Fl Fuseholder, 30A Bus 
Fuse, 15A 125v (lli.' vac use) 
Fuse, BA 250v ( 220 vec use) 
F2 Fuseholder, 15 A 
Fuse, 3A 250v 
F3 FusE:holder, l 5A 
Fuse, BA 250v (110 vec use) 
Fuse, 5A 250v (220 vac use) 
Power Input Receptacle 
Intake Plenum Cover 
Vacuum Switch 
Connector Board Assy 
Terminal Strip, 5 Circuit 
Power Panel Assy 
Rectifier, PC Board Assy 
Twist-On Outlet Receptacle 
Terminal Strip, 10 Ci~cuit 
Power Panel Cover Assy 
Relay 
Solid State Switch 
Terminal Strip, 5 Circuit 
Terminal Strip, 5 Circuit 
Reel Motor Assy 
T2 High Power Transformer Assy 
Relay, 12 vdc 
Relay, 6 vdc 
File Protect Switch Assy 
Cnpncitor, 0.47 mfd, 400 vdc 
Resistor Wire Wound, 5 ohm, 20w, 10% 
Resistor Wire Wound, 100 nhm, 20w, 5% 
Capacitor, Computer Grade, tow vdc 
Filter 
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Figure 5-6. Vacuum Blower Assembly: Bottom View 
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Parts List 

1Jc~t·r1pl ion 

i\lolor St11r·t11114 Hein~'. I Ill VllC'. fill llz 
\lolo1· St111'li11i~ Hc·l11v. 221! v11c•, :JO llz 
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Figure 5-6. Vacuum Blower Assembly: Top View 
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Figure 5-8. Model 9100 Tape Transport: Left Side 
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Figure 5-9. Model 9100 Tape Transport: Right Side 
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Item No. 

8-1 
8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-B 

8-9 

8-10 

8-11 

8-12 
8-13 
B-14 
8-15 
8-16 
9-1 
9-2 
9-3 
9-4 
9-5 

• 9-6 
9-7 
9-8 
9-9 
9-10 
9-11 
9-12 
9-13 

NOTE 1: 

• 

508-9101-301K 

PARTB LIST 

Part No. Description Notes -890-5664-002 Masterboard, Duel Density 
190-5840-001 Reel Plate Assy 
128-0151-001 Slide Set 
890-5728-xxx Read Preamplifier Assy 
890-5368-xxx Five Channel Write Amplifier 
890-5366-xxx Four Channel Write Amplifier 
890-3860-xxx Data Terminator 
890-4385-xxx Replaced by: 
890-6385-xxx Quad Read Amplifier 
690-4385-xxx Replaced by: 
890-6385-xxx Quad Read Amplifier 
890-4367-xxx Replaced by: 
890-6367-xxx Dual P Channel/Clipping 

1 890-4365-xxx Dual Density Control ( 800, 1600 cpl models) 1 890-5771-xxx Delay Timing ( 200, 556, BOO cpi models) 1 890-3141-xxx Control Terminator 
1 890-3842-xxx Interface Control 
1 890-3843-xxx Pushbutton Control 
1 890-5733-xxx Ramp Generator 
1 890-5719-001 Sensor Amplifier Driver 

815-3625-479 Capacitor, Electrolytic, 48, 000 mfd, 25 vdc 
147-1520-101 Resistor, WW, 100 ohm, 20w 
890-6666-101 Servo Preamplifier Assy 
121-0175-001 Molex Relay Connector 
190-5770-001 Brake Board Assy 
121-0173-005 Molex Flat Blade Connector, 4 circuit 
121-0173-001 Molex Flat Blade Connector, 2 circuit 
191-5681-001 Slide Bracket 
128-0151-001 Slide Set 
148-0085-001 Diode 
890-6667-002 Sequence Control Assy 
148-0015-001 Rectifier, Silicon 1 N2069 
147-0028-001 Resistor 0.1 ohm, tow, 1% 

The last 3 dash numbers of these modules very, depending on machine specifications. These dash 
numbers are stamped on the module, or may be found on the circuit card Identification strip • 
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RECOMMENDED SPARE PARTS LJST 

(Certain parts In this list have no quantity indicated. For remote Installations where parts delivery Is tlm.e 
consuming, we recommend ordering one of each of these parts as required for your machine In addition to the 
recommended quantities of the regular spares.) 

Item No. Part No. Description fill Notes -1-20 198-5665-001 Assy PC Board Display Panel 
1-5 198-5699-001 Capstan 1 
1-7 198-5675-001 Takeup Vacuum Column Assy 1 
1-8 890-5732-001 Split Tape Guide Assy, Ceramic 2 
1-lOA 198-2399-025 Head and Head Mount Assy, 9 track 1 2 

198-23!19-026 Head and Heacl Mount Assy, 7 track 1 2 
1-11 198-1138-001 LP/EQT Pho'tosensor Assy 1 
1-12 198-1139-001 Broken Tape Photosensor Assy 1 
1-13 890-5750-001 Tape Cleaner Assy 1 
1-15 828-0156-001 Catch, Vacuum Column Cover 1 
1-16 198-5674-001 Supply Vacuum Column Assy 1 
1-17 890-5655-002 Test Panel Assy , Dual Density 1 
1-19 198-5687-002 Pushbutton Control Panel Assy 1 1 
1-22 825-0085-001 Tape Guide 1 
3-2C 890-5659-001 Vacuum Blower Assy, 110 vac, 60 Hz 

O' to 4, 000' altitude 
890-5659-002 Vacuum Blower Assy, 220 vac, 50 Hz 

O' to 4, 000' altitude 
890-5659-003 Vacuum Blower Assy, 110 vac, 60 Hz 

4, 000' to 8, 000' altitude 
890-5659-004 Vacuum Blower Assy, 110 vac, 60 Hz 

8,000' to 12,000' altitude 
890-5659-005 Vacuum Blower Assy, 220 vac, 60 Hz 

O' to 4, 000' altitude 
890-5659-006 Vacuum Blower Assy, 240 vac, 50 Hz 

0' to 4, 000' altitude 
3-4 851-0066-001 Fl Fuseholder, 30A Bus 

198-0067-150 Fuse, l 5A ( 11 O vac use) ( 5 per box) 1 box 
198-0067-080 Fuse, BA ( 220 vac use) ( 5 per box) 1 box 

3-5 851-0802-001 F2 Fuseholder, l 5A 
198-0133-030 Fuse, 3A 3AG (5 per box) 1 box 

3-6 851-0802-001 F3 Fuseholder, l 5A 
198-0133-080 Fuse, BA 3AG (110 vac use) ( 5 per box) 1 box 
198-0133-050 Fuse, 5A 3AG ( 220 vac use) (5 per box) 1 box 

4-1 891-5683-001 Intake Plenum Cover 
4-2 198-0064-001 Vacuum Switch 1 
4-5 890-5656-001 Power Panel Assy 
4-6 890-5584-001 Rectifier PC Board 1 
4-9 890-5686-001 Power Punel Cover Assy 
4-10 845-0016-001 Relay 1 
4-11 890-5707-001 Solid Stute Switch 1 
4-14 890-5698-001 Reel Motor Assy 1 
4-15 890-5725-001 High Power Trunsforrner Assy 
4-17 890-2641-004 File Protect Switch Assy 1 
4-20 847-1520-101 Resistor, Wire Wound, 1 OU ohm, 20w, 5% 
5-1 845-0017-001 Motor Starting Relay, 11 O vac, 60 Hz 1 

845-0017-002 Motor Sturting Reluy, 220 vac, 50 Hz 1 

NOTES (see page 5-16) 
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• RECOMMENDED SPARE PARTS LIST 

Item No. Part No. Descrietion ~ Notes 

5-2 B35-0056-001 Flat Belt, 110 vac, 60 Hz, O' to BK' altitude 1 
B35-0056-002 Flat Belt, 110 vac, 60 Hz, BK' to 12K' 1 

altitude, 220 vac, 50 Hz 
5-3 29l-5B45-101 Pulley, 110/220 vac, 60 Hz, 0'-4K' altitude 

291-5B45-102 Pulley, 110 vac,.60 Hz, 4K'-BK' altitude 
291-5B45-103 Pulley, 110 vac, 60 Hz, BK'-12K' altitude 
291-5B45-104 Pulley, 220 vac, 50 Hz, 0'-4K' Altitude 

6-2 B26-0001-003 Blower Belt Drive 1 
6-3 B21-0171-002 AC Plug 
6-5 B15-001B-001 Motor Starting Capacitor, 270-324 mfd I 

110 vac, 60 Hz 
B15-0018-002 Motor Starting Capacitor, 72-B8 mfd, 

250 vac, 50/60 Hz 
8-6 B90-5846-003 Blower Motor/Hub Assy, 110 vac, 60 Hz 1 

B90-5B46-004 Blower Motor/Hub Assy, 220 vac, 50/60 Hz 1 
7-1 B45-0005-001 Relay, 12 vdc 1 

845-0005-002 Relay, 6 vdc 1 
7-2 B15-3625-79B Capacitor, Electrolytic, 7, !lOO mfd, 25 vde 
7-3 Bl5-3610-449 Capacitor, Electrolytic, 40, 000 mfd, 10 vdc 
7-4 198-4163-001 Tl Low Power Transformer 
7-5 19B-0046-001 Hose Assy, Supply 

. 7-6 B90-4721-001 Capstan Motor Assy 1 3 
7-7 391-5683-002 Exhaust Plenum Cover 
7-B 198-0047-001 Hose Assy, Exhaust 
7-9 B90-5671-001 Regulator and Servo Assy 4 • 8-1 B90-5664-002 Masterboard, Dual Density 
8-4 B90-5728-xxx Read Preamplifier 1 
8-5 B90-4368-xxx Five Channel Write Amplifier ( 45 fps) 1 6 
B-5 B90-5368-xxx Five Channel Write Amplifier (75 lps) 1 6 
B-6 B90-4366-xxx Four Channel Write Amplifier ( 45 ips) 1 6 
B-6 B90-5366-xxx Four Channel Write Amplifier ( 75 lps) 1 6 
8-7 B90-3B60-xxx Data Terminator 8 
8-8 B90-4385-xxx Repluced by: 

890-63B5-xxx Quad Read Amplifier 6 
B-9 B90-43B5-xxx Replaced by: 

890-6385-xxx Quad Read Amplifier 6 
8-10 890-4367-xxx Replaced by: 

B90-6367-xxx Dual P Channel/Clipping 1 6 
B-11 890-4365-xxx Dual Density Control ( 800, 1600 cpl models) 1 6 
B-12 B90-5771-xxx Delay Timing (200,556,800 cpi models) 1 6 

890-3841-xxx Control Terminutor · • 6 
8-13 890-3842-xxx Interface Control 1 6 
8-14 890-3843-xxx Pushbutton Control 1 6 
8-15 890-5733-xxx Ramp Generator 1 6 
8-16 890-5719-001 Sensor Amplifier Driver 1 6 
9-1 815-3625-479 Cl, C2 Capucitor, Electrolytic, 48,000 mfd 

25 vdc 
9-3 B90-6666-101 Servo Preamp Ii ficr 6 

NOTES (see pugc 5-16) 

• 
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Item No. 

9-11 
Part No. 

890-6667-002 
821-9000-003 
198-0100-002 
198-0020-001 
198-0021-001 

RECOMMENDED SPARE PARTS LIST 

Description 

Sequence Control Module 
Power Cord, lOA 
Hub Repair Kit, Model 9100 
Brush Replacement Kit, Reel Motor ( 4 brushes) 
Brush Replacement Kit, Capstan Motor ( 2 brushes) 

NOTF.S 

2 
1 
1 

506-9101-6008 

Notes 

6 

5 

1. Unless specified, door assemblies and control panels will be shipped with standard paint colors. Pleese 
specify If special paint or logo is required. 

2. Head ls supplied on mounting plate and with face shield and connector. Specify number of tracks. All 
heads are read after write with side mounted erase. Deskew chart Is furnished with each head. 

3, CapstM motor/tachometer assembly is supplied with capstan wheel In case of damage to capstan during 
removal. 

4. Heatsink assembly includes Power Supply Regulator module 190-4352-001. This module Is not readily 
replaceable without replacing heatsink. 

5. Repair kit contains those items subject lo wear. 
6. The last 3 dash numbers of this module will vary according to machine specifications. These dash 

numbers are stamped on the module, or may be found on the circuit card identification strip In the 
machine. The complete module part number should be specified during ordering. 

MAINTENANCE TOOLS 

In addition to normal ele~tronic tools and test gear (an oscilloscope, voltohmmeter, etc.) the following Items 
should be available for service end repair. 

Kennedy 
Part No. 

154-0067-001 
154-0042-UOl 

154-0043-001 
154-0036-001 
190-2324-001 

190-2224-UOl 

154-0044-001 
154-0045-001 
154-0063-001 
154-0568-001 

Vacuum Gauge 
Spanner Wrench 

Description 

Set of Nut Drivers or Open End Wrenches 
Phillips and Standnrd Screwdrivers 
Capstan Puller 
Skewmaster Tape 
Maintenance Kit 
Containing: 

Hend cleaner 
Hex socket keys - 7/64,5/32.1/8,3/32 
Lint-free swnbs 
Heflective murker strip~ 
Mug·nusec visuulizing ~olulion 
Loctite grude H 

Curd Extender 

Optional Maintenance Tools 

Extension Hose Set 
Blower Extension Cord 
Hub/File Protect Hciglit <l11u~e 
Tensiorneter 
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DIGITAL RECORDING ON MAGNETIC TAPE USING NRZ1 CONVENTIONS AND FORMAT 

1.1 INTRODUCTION 

There are many recording techniques that may be 
employed to record digital information onto magnetic 
tape. Some of these are: non-return to-zero (NRZ), 
return-to-zero, phase-encoded, Manchester coding, 
and NR2'1. Of these methods the NHZI, non-return
to-zero change at logic I, has been most widely ac
cepted for recording parallel data onto multitrack 
recorders. This method has been used by IBM and 
other computer manufacturers for many years, and 
packing densities, formats, and mechanical dimen
sions have been fairly well standardized by usage 
throughout the industry. 

1.1.1 IBM COMPATIBLE 

The term IBM compatible, or more specifically IBM 
compatible 2400 series, is found frequently in speci
fications of tape units manufactured by companies 
other than IBM. This means that a tape written on a 
machine that is IBM compatible can be successfully 
entered into an IBM computer utilizing the IBM 2400 
series of magnetic tape units. The converse, of 
course, is also true. Tapes written on an IBM 2400 
can be read on JBJ\l compatible tape units equipped 
with the read function. 

This common denominator between systems is im
portant, for often it is the only common point between 
computer systems :tr '.data acquisition systems. The 
parameters that ensure this compatibility relate to 
track width, number of tracks, position of the tracks 
on the width of the tape, form of check characters, 
spacing of check characters from data, length of 
interblock gaps, length of file gaps, and the charac
ter used to identify a file gap, as well as the mechan
ical dimensions of reels and hubs. This note de
scribes these factors for the IBM compatible NHZ I 
method of recording. 

1. 1. 2 ADVANTAGES OF NHZl HECOHDING 
METHOD 

In the NHZI method of recording, current is flowing 
in one direction in the magnetic head at all times it 
is writing. This factor makes it possible to record 
over old data, erasing the old data as the recording 
is taking place. Head current also flows in a uniform 
direction during the interrecord gap. This is useful 
when it is necessary to rewrite a record or skip a 
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bad area of tape found on re- read and allows the head 
current to be turned on again in a known direction 
without causing unwanted spikes. 

Another advantage of the NHZ 1 system is that the 
electronics for writing and reading are simpler than 
those required for other recording techniques, such 
as phase encoding. 

A disadvantage of the NHZi system is that it is not 
self-clocking and is useful only where multiple track 
recording is employed. A further restriction is that 
in order to derive a rlock from the multiple traL'..s, 
at least one of the tracks mu&t have a one in it for 
each byte or character recorded. This last factor 
is ensured when a parity check is employed and the 
parity is odd. If even parity is used, then of course 
the all-zero character must be declared invalid and 
not used during the block. 

1.2 WRITING NRZl TAPES 

To record digital data on magnetic tape, it is neces
sary to magnetize the tape discretely to indicate bi
nary ones and zeros. In the NRZI method, current 
is flowing in the head at all times the magnetic tape 
unit is in the write mode. As long as the head cur
_rent does not change, the data will be written such 
that it will be interpreted as zeros. When a transi
tion occurs between saturation magnetism (plus and 
minus) on the tape, this will be interpreted as a one. 
Figure 1-1 shows typical waveforms for data recorded 
on tape in the pattern 011010. The data is entered 
together with write clocks as shown, with a write 
clock for each bit recorded. With tape in continuous 
motion, a flux pattern corresponding to the tape mag
netization will appear on the tape as shown. 

NRZl recording is implemented by driving current 
through the head winding in a direction determined 
by a flip-flop that toggles for each one, gated in by 
coincidence between data and a write clock. 

1.3 READING NRZl RECORDINGS 

To rPcover the data written in NRZI format, the 
tape is moved at a constant velocity past the gap in 
the head. Hcfer to Figure 1-2. If the same pattern 
shown above is present on the tape, the head voltage 
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will look like thl' playback signal since the voltage 
imlueed in the hc>ad is the differential of the flux pat
tt·rn on tht.' tapt•, The characteristic half sine wave 
r1•sults from the fact that the gap on the head has a 
finitl' width. 

ThP pattl'rn shown is typical of what would be seen 
with 200 bits per inl'h (bpi) recording, As the re
cording density increases, tht• mechanical dimen
sions of the hc>ad remain the same, resulting in the 
same waveform but with the rndi vi dual waves crowded 
close togt>ther. This ultimately present!> a limit be
yond which this type of recording is useful with state
of- the-art tapes mid magnl'ti c heads. Recording of 
800 bpi seems to be a practical limit and is the ma.xi
mum density utilized in present-day systems. 

The playback signal is then rectified and, as can be 
seen from tht' figures, a pulse is present for every 
one recorded and the base line remains stationary 
for all zeros recorded. Note, however, that it is not 
practical to derive an acc•trate clock from the signal 
on the basis of a single-track recording. However, 
since this is a multiple track system and employs a 
parity generator, a data bit will be found on one of 
the multiple tracks for each character written, as
suming that an all-zeros character is not employed 
in conjunction with even parity. 

Considering the above factors, a typical read ampli
fier consists of an analog amplifier, a rectifier, a 
peak detector, suitable logic to create a clock, and 
an output buffC'r stage to enable interfacing to the 
l'Ustomer' s unit. 

1. :l. l SKEW AND GAP SCATTEH 

Another major factor that limits the design of an 
NH71 multiple track system is that heads are not 
1wrfect because of gap scatter and head mounting to 
decks is not perfect causing skew. Both these fac
tors have the same effect in that the signals from all 
thC' tracks do not occur perfectly in unison. The 
problem is minimal if the same head and deck are 
used for reading and writing a given tape, but since 
interchangeability of tapes between machines is man
datory provisions must be made to cancel out these 
effects. The allowable tolerances in head manufac
tttrP have practical limits and arc typically in the 
~50 mil'roinch region for high quality heads. Fixed 
heads without adjustment are practical with 200 bpi 
and GGn bpi recording, but 800 bpi recording requires 
adjustments. 

All Kennedy recorders are equipped with the neces
sary rlPskcwing adjustment to enable operation and 
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assure compatibility with utlwr nrni.,rnetic tape units . 
These adjustments take the following form. 

1.3.1.1 Head Head Alignment 

The read head is adjusted so that its gaps are per
pendicular to the direction of tape motion using an 
IBM skewmaster tape. A mechanical adjustment is 
provided consisting of a spring loaded mounting platC' 
working against a fine pitch adjusting screw. (On 
incremental and some low density machines thiR ad
justment is either not required or is made by shim
ming tape guides.) 

l. 3. 1. 2 Head Electronic Deskew Hegister 

All Kennedy read amplifiers are provided with a de
skewing register. This register allows a total skew 
of 50 percent for all reasons including write head gap 
scatter, dynamic read skew, read head misalignment, 
and speed variation in writing or reading. 

1. 3, 1, 3 Write Electronic Deskewing (continuous tape 
units only) 

The mechanical relationship between the read gap and 
the write gap is fixed In any given read after write 
head. Since the read head is adjustPd perpendicular 
to tape motion (paragraph 1. 3.1.1), the write time 
for each channel may be delayed selectively so that a 
character is written on the tape perpendicular to tape 
motion, In Kennedy continuous tape units a fixed de
lay Is inserted for one channel and lndi vidual delays 
are provided for the remaining channels. This ar
rangement allows each channel to be adjusted in exact 
relationship to the fixed channel and allows adjust
ment for skew and gap scatter as well. 

1.4 TAPE FORMATS 

There are other factors that affect compatibility in 
addition to density and recording method: 

a. Tape markers 
b. Gaps 
c, Check characters 
d. Codes 

1. 4.1 TAPE MARKEHS 

When recording on magnetic tape, care must be taken 
to avoid physical handling and damage to the recorded 
surface, A portion of tape- at least 10 feet- at each 
end is reserved for threading and loading and is not 
used for storing data. To define the recorded area, 
pressure sensitive reflective markers arc applied to 
the nonoxidc side of the tape as shown in Figure 1-3. 
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FORWARD 6. O.D31 IN. 
(MAX) TAPE MOTION .. 

Ul·H .. A 
NOTE: TAPE VIEWED FROM TOP. RECORDING IS DONE 

ON UNDERSIDE OR OXIDE SIDE OF MAGNETIC TAPE. 

Figure 1-3. T•pe Markers 

These markers are sensed optically and define the 1. 4. 2.1 Ilf'gip.ning of Tapp GaJ.? 
recorded area ln a standardized manner. 

The BOT marker signal Is used Internally to define 
the load point or starting of recording. The EOT 
marker signal Is not used internally but Is availab\e 
to the Interface as an end of tape warning signal and 
should be used by the unit Interfaced to the magnetic 
units to terminate recordiug within the next 4 feet of 
tape. 

1.4.2 GAPS 

Tape reading can only take place reliably when tape 
la mo\'ing at a known speed across the head. To al
low tape to star- :-.:u! ~l..:ip ;vhile the computer manip
ulates data, a sectio1~ of tar1e with no data is provided 
between records or biocks of data and at the begin
ning and end of tape. This section is recorded with 
t.he head current turned on in the direction defined 
as erased and results In a constant flux in a pre
determined direction which Is independent of tape 
speed or motion. The direction of current in the 
heads defining the erased condition is also controlled 
to be uniform in all recorders. On readbaek this 
flux is constant as the tape accelerates and dcccle r
ates. Since a change in flux is required for the read 
head to sense data, no signal occurs and ordt•rly 
starts and stops may be made. 

Mechanical limitations preclude instantaneous starts 
and stops, and a distance of tape must be reserved, 
conditioned by the requirements of the "worst case" 
machines, to use the standards. While high speed 
units (IBM 2400 series) set the length of the gaps, 
Kennedy recorders utilize the full gap length to ad
vantage by providing controlled accr.lcration aud ctt~ 
celeration, resulting in minimum stn·s~l·:-. lo thP tapl', 

A-.J 

An erased section of tape is required surrounding 
the BOT marker. This serves as a ddincd area 
within which data recording or. reading can start. To 
comply with IBM speclficatL.>ns this section extends 
a minimum of 1. 7 inches ahead of the trailing edge 
of the BOT marker and extends a minin1um of o. 5 
inch past the trailing edge of the BOT marker. ln 
nearly all systems (including I Bl\l) this erased sec
tion totals about ~.5 Inches (Figure 1-3). 

1. 4. 2. 2 Intt·rrecord Gaps 

Jnterrc•cord gaps are areas, without data, placed be
tween data bloc!·~ or rel'ords as shown in Figure 1-4. 
The leng-th of !"11L 1'.ap is O. 75 inch minimum for seven
track syst!'m~ ~rncl O. 60 inch minimum for nine-track 

-.j ONE BLOCK 1--
DATA 
RECORD IRG 

!JATA 
RECORD 

LRCC CRCC , .. ONE BLGCK 

DATA DATA DATA 
RECORD RECORD RECORD 

' L RC C CRCC 

I RG 

DATA 

DATA 
RECORD 

RECORD 

Figure 1-4. lnMrrecord Gaps 
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systems. The maximum length is not critical. The 
USA Standard Institute specifies the maximum length 
at 25 feet. 

If records are short it can be seen that a large por
tion of the tape is used for interrecord gaps. In many 
cases computers are programmed to handle records 
in batches as shown in Figure 1-4. In this case the 
IRG and check characters are inserted on 11 block 
basis. 

Figure 1-5 shows the format of the file mark for seven
and nine-track tapes. The distinguishing featurP of 
the block is the fact that it is a single specific char
acter record with a check character. The erased 
gap itself is nearly always used but IBM standards 
state that it is optional. 

1. 4. 3 CHECK CHARACTERS 

The NRZl format provides for both vertical and hor
izontal parity checks. In the nine-track system an 
additional check called the cyclic redundancy check 
character is used, Refer to Figures 1-6 and 1-7 for 
the location of the check characters. 

NINE-TRACK NRZl FILE MARK 

4 
I I 6 

0 
l ) 

2 

~ p 

~ I I 3 
I I ' 1 l 5 

7 Oli-!WOO-S-00 

The check characters define to a very high level of 
confidence that a block that is read is accurate. 

1. 4. 3. 1 Vertical Parity 

Seven-track and nint-~ track systems use six and eight 
tracks respectively for recording data. The remain
ing track is redundant and carries the parity infor
mation. When the data is written on tape, a parity 
generator senses the input data and determines if the 
number of bits in the byte is odd or even. It outputs 
a "l" or a "0" to the redundant track to makl• thP 
count odd if odd parity is selected, or even if even 
parity is selected. 

On readback a similar circuit can be used to count 
the number of bits in each byte and determine if the 
count is odd or even. Depending on which is defined 
as correct, it signals the error line if the count is 
wrong. Thus each byte is checked. However, if an 
even number of bits is dropped the test will not re
sult in an error signal, so an additional l'heck called 
longitudinal parity is employed. 

Odd or even parity may be selected on seven-track 
recorders. Nine-track recorders are always odd 
parity • 

SEVEN-TRACK NRZI FILE MARK 

c l 
) B 1 

A j 
~ 

I I 8 
I I 4 
I I 2 
I I 1 

~1 T-EIGHT BYTE 

FILE HARK 

SPACES -I 1---- FOUR 

CHECK CHARACTER(S) 

BYTE SPACES 

110 0001 

l BLOCK I IRG )1 
/ 

EDF GAP IRG 

11 
BLOCK 

3. 7 5 IN. 
(NINE-TRACK) 
3. 90 JN 
(SEVEN-TRACK) 

I~ TAPE MOTION. 

NOTE: TAPE VIEWED FROM TOP. RECORDING IS DONE 
ON UNDERSIDE OR OXIDE SIDE OF MAGNETIC 
TAPE. ONE OR MORE FILE MARKS MAY OCCUR 
ON ONE REEL OF TAPE. 

Figurs 1-5. NRZ1 Fils Marks 
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110·001' 

~ RECORD ~ 
INTERREC-

_.., ORD GAP ,.__ 
+o. 156 

0.750_0.063 
(NOTE 2) DATA BYTES,.__ TA PE MOT I 0 N • 

111 111 111 c ......_...____~ PAR I TY 
111 111 
111 111 
111 111 
111 Ill 
111 I 111 
Ill I~ REFERENCE EDGE 

L RC 

111 B 
Ill A 
111 8 

111 4 
111 2 
111 

~ 

(ODD OR 
EVEN) 

I LP BARKER 

,._INITIAL GAP 
0.5 IN. MIN 
(NOTE 2) 

NOTES: I. TAPE IS SHOWN WITH OXIDE SIDE DOWN. NRZI RECORDING. 
BIT PRODUCED BY REVERSAL OF FLUX POLARiTY. 

Z. TAPE TO BE FULLY SATURATED IN THE ERASED DIRECTlON 
IN THE IN1TIAL GAP ANO THE INTERRECORO GAP. ERASURE 
SUCH THAT A NORTH SEEKING END OF COMPASS WILL POINT 
TO START OF TAPE. 

3. LRC (LONGITUDINAL REDUNDANCY CHECK CHARACTER) ODD OR 
EVEN-SPACED FOUR B! rs FROM DATA CHARACTER. 

4. PARITY BIT (A VERTICAL PARITY BIT IS WRITTEN FOR 
EACH BYTE). 

Figure 1-6. Data Format - Seven Track 

INTERRECORD .._., 
GAP 

.- RECORD_. 

7lHi- \lOUO-li-llll 

+0.15 I DATA -- - ~-·~·:N,... _ _....;.. __ ..;: ~YTES ..__ _____ .,. 

111 I I Ill Ill 
111 Ill Ill 
Ill Ill Ill 
111 Ill Ill 
Ill I Ill Ill PAR ITV 

I ~(ODD) 
FIRST__._.;....,_;... ....... ~I Ill I I I Ill (NOTE J) 
BIT 111 I Ill Ill 

llO·DDll 

I : 111 I I Ill Ill 
: _.._,,.1_1_1 __ ~~~ Ill lLP MARKERI 

I -- 7---" 
.._......._.i-:--._'_. - - REFERENCE EDGE LRC CRC 

NOTE: 

ACTUAL SKEW 
~ WRITE 5KEW 

CHARACTER GA TE 
TAPE MOTION • 

,....__ INITIAL GAP 
0.5 IN. MiN 

I. CRC (CYCLIC REDUNDANCY CHECK CHARACTfR). PARITY OF CRC CHARACTER IS 
DETERMINED BY THE NUMBER OF DATA CHARACTERS IN RECORD. ODD NUMBER OF 
DATA CHARACTERS-EVEN CRC CHARACTER, ETC. CRL USED ONLY IN IBM SYSTEM 
SYSTEM/360 BOOBPI. CRC CHARACTER SPACED FOUR BITS FROM DATA CHARACTERS. 

2. LkC (LONGITUDINAL REOUN~ANCY CHARACTE?.) ALWAYS ODD PARITY. SPACED FOUR 
BITS FROM CR.:. 

3. PARITY BIT (A VERllCAt PARITI Bl' IS WRITTEN FOR EACH CHARACTER CONTAINING 
AN [VEN NUMBlR OF BITS). 

Figure 1-7. Data Format - Nine Track 
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1. ·I. :1. ~ Longitudinal l'aritv 

.• lun!-\iludinal rc'dundanl'.I' dwl'k ch.1r:1dt•1· i8 writll'n 
at th l' !'nd uf eal'h block. It is Sl·p:i ra tcd fr urn the 
t•rHI ufl'ad1 block as shown in Figun• I-8. This char
al'lt'I' is madt> up on a pl'r-track basis. Thl' numlwr 
of l's recordl'd in a given track of a block is countL•d 
and a "l" is written in thl' track as the I.HCC if th(' 
count was odd, and, therl'fon>, the numbl'r of l's re
co rd!'d in Pach track bpcomes even fur any gi vcn 
block. On readback this is cht>ckL•d and an error is 
cil•ll'cted if the colU1t is odd in any track. The possi
bd it~· of not dct!'cting an t>rroneous block still exists 
if an t'ven numbl'r of bits in a ~:·:~n track of a block 
is dropped. llowt'Vcr, whl'n this test is combint•d 
with th0 VL•rtical parity test the probabilit~· of nut dt~ 
tl'cting an pn·or is reduced. 

1 • .J. :l. :l Cyt'lic Hedundancy Check Character (CHCC\ 

In the nine- track system another check character 
must be written. This character is dPrived with r(•la
ti 1•t>ly complex logic, tht• result of which, in combi
nation with th0 LHCC and vertical parity information, 
Pnablt>s a computer to determint- in which track a 
dropout occurred. If the dropout occurred in only 
one track in the given block, the cOir.puter can then 
nullify tl1at track and genPrate the information in that 
traC'k from thL' data in the remaining tracks, which 
includt•s thl' parity track. 

This check d1aral'tt•r follows the last data byte by 
four cell positions, as shown in Figure 1-8. 

The recorder will accept ::ind read back any code set 
applied (six-bit for seven-track, eight-bit for nine
tral'k). The only restriction is that thl' 000000 char
acter in a sevPn-track system using even parity must 
not bt' used. Thii:; is a blank position or missing 
character, and mo::;t I B:\I systl'm · will register an 
error condition if it is found in a blol'k. 

Two l'ode sl'ls are shovm in Figun• 1-!J. ThL•SL' an• 
tlw graphic svmbols portion of lhl• cudt•s used by !Bl\! 
for ninL~track and scvPn-track :systL•ms. Thl'y an• 
sht>Wn for rl'fen•m'l' only. Systems may usp d1ffpr
t•nt codt• ::;trul'tun·s when lhl'~' arl' programnwd fur 
lhC'lll. 

In thl' Sl'VPn-track ::;yslt•m thl' 000000 charal'tPr may 
lH· t'OllVl't'led lo thl• 001010 l'haral'll'r b~· USl' of tht• 

.• 

A-7 

7tlli-!10011-7-llO 

"1.l('() 0 to 10" option whil'h is availablt• for most 
KrnnPdy n•cordL'rs. This Sl·nses tlw 000000 charac
tl'r on tht> data lint>s in conjunl'tion with <• writ(' cloek 
and converts it internally to record the I ll!\1 character 
for thl' number 0 (001010). 

1. ·I, ·I Sl!l\11\IAHY OF FOHl\IAT 

A summary of tht' above factors is shown in Figur0 
1-li fur s1•ven-track data format and Figure 1-7 for 
nint~trnt·k data format Ht•cord blocks and tapp 
markt>rs are shown in Fihri.lrL~ 1-1 O. 

1. I. 5 HEFEHENCES 

Additional infc,rmation may be found in the following 
publications: 

a. IBM 2400-Series Magnetic Tape Units Orig
inal Equipment Manufacturers' Information, IBM 
Form 226862-4 

b. USA Standard Hecorded Magnetic Tape for 
Information Interchange (800 cpi, NHZ 1), United 
States of America Standards Institute, 10 East 40th 
Street, New York 10016 

( 

LRCC 
BYTE 

\ 
IRG . . 

CRCC 
BY TE 

I 
~ 

!1 
DATA NINE-TRACK I 

~ ~BLOCK 0 60+0. 15 : DATA BLOCK ? . -0. I 01: ( 

LRCC TAPE MOTION 6.. 
BYTE .,. 

DATA IRG SEVEN-TRACK 
BLOCK 0 750+0. 156 DATA BLOCK 

. -0.063 

FOUR BYTE-+111 3 1.-
POSITIONS 

Figure 1-8. Check Ch•racters 



COLLATING 
SEQUENCE 

GRAPHICS 

8 8.r SCD 

EXTENDED BINARY COOED DECIMAL 
INTERCHANGl CODE {EBCDIC) 

0 J 5 6 

·-;(lti·-'l(ll 1 ll -, .. (11: 

BINARY CODED DECIMAL 
INTERCHANGE CODE (BCD) 

8 A B 2 

~- ~ ---- 1-~~---+-~'.on~_, -6---~-- --%---~---+ 6 i i -'f- =~--~j- ri i _i_ 
~- 02 ~ +-------:,.,- --0-- l +---"'.--0 0 0 --. l 0 o- . 

--- __!!..L~--=---+---'-__.---''--'--''----+-- ~-- 0 l _ l __ +-_I --+-----lf------"-4--"-~ 
03 i ;-- [ 0 l 0 0 l I 0 I l _ ~-- I I 0 ---1--
04 ---4---, ---+--~1---0 I 0 0 1 l l 0 l I I I I 0 

05 t---c;M- GM O I 0 O 1 1 l 1 1 I I l I l 
t---- 06 & & t 0 I 0 I 0 0 0 0 l I 0 0 0 0 -
t-- 01 s s o l -- o l _ l + _0 _ l l l o 1--- T- o l t-)-
~- Qf_::--- r--;----+---,---- t-:::_~ - -- 6 f l l o --- _o ___ --1- o 1- --- 1-- o -b-
~----. (JY ) _]_ _ 0 l 0 I I -~ -l ---o-- I 1--,--- 0 f-- - i - --T- -0- ---\ 
t----lO- , 0 I 0 l I 1 l 0 r--1-1--0 -- I I l-+-0 
t-------11 -- Mr ~- - 0 1 0 -1 1 l . 1--1--~--0-- l I 1 I-
r· ~ ·-- ~- - --+--'---- ------'----+---'--- -·---::-

12 - - 0 l l 0 0 0 0 0 _ _!_ 0 - - 0 - ---~_Q_ -+---~ 
r- 13 I 7.__ 0 1 1 0 0 0 0 1 0 __ I 0 0 0 +----~ 

f--~---- % %:r ~ : : ~ : i ---H-- --~- l-~~-L=c ~- --~_, 
16 fil fil 0 l 1 0 1 1 0 1 0 I l l 0 l 

I--

._ ___ 1,~7---4-~'--+-~\--t--=-o-+---'-1---1f--~1-+--=-o-+-~1-+--=-1---1f--~1-+--=-o~ __ -~o-+----'--1_4_~1-+_~1--+-_~1-+_~o~ 
16 SM SM 0 1 1 0 l 1 1 1 0 l l l l l 
19 f, ti 0 1 1 1 1 0 l 0 0 l 0 0 0 0 
20 T T = 0 1 1 1 1 0 l 1 0 0 1 0 1 I 
21 @ (al' 0 1 1 1 1 1 0 0 0 0 1 l 0 0 

t-- 22 "il 0 1 1 1 1 1 0 l 0 0 1 1 0 1 
23 -- ) 0 1 1 1 l l 1 0 0 0 l 1 1 0 

1-- 24 TM TM 0 1 1 1 l l l 1 0 0 1 1 1 l 
25 ~ :Jl 1 1 0 0 0 0 0 0 l 1 l 0 1 -0 
26 A A l 1 0 0 0 0 0 1 1 1 0 0 0 l 
27 8 8 l l 0 0 0 0 1 0 l l 0 0 l 0 

I--- 28 c c 1 1 0 0 0 0 1 1 1 1 0 0 l 1 
t----- 29 D D l -~ 0 0 0 1 0 0 l l 0 l 0 0 

JO E E l l 0 0 0 1 0 l l l 0 l 0 l 
31 F F I l 0---1- 0 0 1 l 0 l l 0 1 1 0 
32 G -G l 1 0 ci 0 1 1 1 1 --+---1 0 1 1 1 
33 H H i----+-----i 0 t--'f- 1 0 0 0 l I 1 0 0 0 
34 l I l I 0 0 1 0 0 1 1 1 1 0 0 1 

t---i5- o 6 1 -~-- __ 0__ l 0 0 0 0 I 0 1 0 l 0 
~-36--- --- -- ---:i--+----J-- l-1--i 1 0 l 0 0 Q_ --' 1 - l 0 0 0 0 l 
'_3_7 ______ ~ K l 1 0 l 0 0 l .-ll 1 0 0 0 1 0 

38 ----- L -L ---+-1-+----1 0 l 0 0 1-~~~---~~~_Q_--+--- 0 0 !_ .. --),_, 
t--~---·--M-- -- ---;::;.- - -__,+-j--+--0- 1 0 1 0 0 1 __ 0 0 l 0 0 

40 t-N -+-N---+-t-~o 1-+- o l o l l o o l o --+~ 
:=__4_1 ____ --+--o o l 1 o l -o 1 1 o 1 -o- --6---+-T+-- 1 o 

42 P P 1 1 0 1 D__+-_l__- _____! l l 0 0 l 1 I 
t----~-----+-o a l l o 1 ,- o o o 1 -+-o-- --1--+-----o-+-0----0-

f---

44 R R l 1 0 l l 0 0 1 1- 0 1 0 0 --l 
t------,--45 RM RM 1 1 l 0 0 0 0 0 0 l 1 0 1 0 

46 s --+----- s 1 1 1 0 0 0 l 0 0 l 0 0 - l 0 
t----£ ______ T - T l l 1 0 0 0 l I 6--1-l 0-+---0-+--;--+-) 

48 u u l l 1 0 0 1 0 0 0 l 0 l 0 0 
49 --+--y V l 1 ~!O --o---+-i-- - --0- l 0 I 0-+--T O 1 

~5()--~ w _'!!_ __ __1__ _J____ --i-- 0 =2=_ --1-- ---1+--2 0 - 1__ -()- l l 0 

51 _ -~ --~- t-J-f-- 1 ___ J___ _Q -+-_Q-+--1---- ___ ! __ -J.-_ I 0 !__ 0 +- 1 l -~-

;; ---- ----+-+----i-- -+--+-+ -- -: --~- - -++-~--- -- 6- -~----11--~- --{--- : ~ +--- ~-- -~ 
1----5-4 _________ --o- +--0----t---1- +----i- -1~1--0- -_-_o- --o-- o-- ---o-- -ci - -i--- - ci T o______, 
~-S-565 ----- --

2
1 --J- -

2
1--- -1

1 
-1

1 
- -~!1 =-- _ 11__=~~-:_o0-_ ~ o

0 
_- ----o -1- --- 0- -6-- -5 - - 0-+---0-- --, 

1 -1- - 0 0 0 -5-- -o--+--1- +--0 
--+---r ----r-:------< - -- --- - -- - -- - - ---· - · - --- --"....-- o +--o-- -"1-r----2Z ____ __ J __ j _ _L _ ___!__ __!__ _ __!_ __ ~-- __ 0 __, __ Q_ _I .____I_~ _Q__ 0 _ __ __ I --;;-

t----~---- __ _ ~ ____ r __ 4 ____ __!__ _ J___ __l _ _ _!__ o _ l o o _ o 1--- () g___ l o o 
t---~~-------~--- l__ l_ 1 __ _!_ _I l 0 I 0 l 0 0 0 l+------9- l 

t------~-------~----+- 6 l I -;-_-~; ! u l I j : j ~ 0' 0 _ 0 _____ l __ ! __ ~0-

-ii--:~ l~: i--i-~ u-+~-- tu-_ _Lti_J_li-~ J ~ t ~ - ~--·· -t~ : +---=i~ -t=+--~-
Figure 1-9. Typical IBM Codes 
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NINl-TRACK NR/l TAPE MARK 

EIGHT 
BIT SPACES 

T AP l 
!RAUS 

b 
L) 

I 

p 

3 

A NINE-TRACK NRZI TAPE MARK IS 

A SPECIAL CONTROL BLOCK THAT 

CONSISTS Of A CHARACTER WITH 

1-fi!TS IN DATA TRACkS 3, 6, 

AND 7, AND AN !DENT !CAL LRC 

CHARACTER EIGHT BIT SPACES FROM 

IT. NO CRC CHARACTER IS WRITTEN. 

ALTHOUGH THE TAPE MARK IS PRE

CEDED BY APPROXIMATELY 3. 75 

INCHES OF ERASED TAPE, THIS GAP 

IS NOT A REQUIREMENl. 

RECORD 
BLOCK 

SlvtN-TRACK NRll TAP!. MARK 

I AH 

F 0 Li R 
UIT SPACES 

1 RACKS 

8 
A 
8 
4 

A SlVlN-TRACK NRZI lAPE MARK 

IS A SPECIAL CONTROL ULOCk 

THAT CONSISTS OF A CHARACTER 

WITH I-BITS IN A DATA TRACKS 8, 

4, 2, ANC I, ANO AN IDENTICAL 

LRC CHARACTlR FOUR BIT SPACES 

FROM IT, ALTHOUGH THE TAPE 

MARK IS PRECEDED BY APPROXI

MATELY 3.90 INCHES OF ERASED 

TAPE, THIS GAP IS NOT A RE-

QUIREMENT. 

PHOTOSENSING WRITE 
DEVICE GAP 

READ 
GAP 

-~--..-..;;:ii,-......,..-~ :~:;ON. 
/+-- 0.5 IN. MIN 

TAPE MARK GAP 
(EOf GAP) 

---- 3. 75 

RECORD/NG 

I BOT I 

SURFACE 

RECORD 
llLOCK 

LO 

Figure 1-10. Record Blocks and Tape Marks 
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706-9000-11-00 

PHASE ENCODED RECORDING 

Introduction 

For many years, NHZ I i·cco1·ding ha:> been UHcd in 
most computer tape systems. Density has Increased 
from 200 cpl to 556 cpl and 800 c1>l in the queHt to 
increase data storage capability of tape and lo achieve 
higher data rates. 

With higher densities mechanical tolerances become 
more ancl more critical, however, and 800 cpl ls 
probably the practical limit for NRZ 1 recording. If 

higher deru1itics were to be Ul'hicvecl, a new rel'ord
ing method was required. 

Phase Pncoding was chosen. its advantage:> were well 
known from use of similar systems on drums and 
1:1pecializcd tape drives, in computer use, tape den
sity of 1600 cpl was selected, and a tape formal was 
established first by IBM and later adopted by ANSI 
a1:1 a proposed American national standard. 

1''igure 1 shows graphically the effect of density on 
tape storage capacity as a function of block length. 

~ CHARACTERS PER REEL 

sox106,-~--,~~-,-~~'T"""~.....,,-~...,.~~-r~~r-~-,~~....,..~~ ....... ~~.--~ ....... 

--· - ----200cpl 

--
10 20 40 BO 160 320 640 I280 2560 5120 10240 20480 40960 

BLOCK LENGTH 

Figure 1. Comparison of Packing Density, Phase Encoded and NRZ1 Formats 
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PhaSl' Encoded Hccording 

Each of the nine tracks on a PE tape is recorded in 
sut•h a manner as to allow recovery of a track dock 
plus the data. This removes the requirement for 
close skew alignment as in NRZl recording, since 
clocked data can be assembled in a register to re
move the effects of skew, 

Saturation recording is used. Tape is de erased with 
a polarity such that the rim end of the tape becomes 
a north seeking pole. A one bit is defined as a fllL"< 

reversal to the reference polarity. A zero bit is de
fined as a nux reversal toward the opposite polarity. 
A "phase flux reversal" Is written at the nominal 
midpoint between successive ones or successive 
zeros to establish proper polarity. 

Figure 2 shows the resulting pattern of reversals on 
tape. It will be seen that the recording results In 
two bit densities being recorded, 1600 flux reversals 
per Inch (frpi) and 3200 frpl. Phase shift of these 
two frequency components is of the utmost Importance 
for decoding after playback. 

Figure 3 ls a logic diagram of a write amplifier thnt 
generates the required waveforms. 

110-0 112 

DATA OT 

INTERNAL 
\ol~ Ir E 
CLOCK 

HEAD 
CURRENT 
(FLUX) 
REF. 

READ 
SIGNAL 

PEAK 
i.JlTECTEO 

SIGNAL 
(INVERTED) 

DATA 
TRANSITION 

TIME 

0 

0 0 

"1lll1-'.llllH1- l~-ll(I 

For IBM compatibility, tapes must bl• written in thl• 
proper format. This Includes eonventions on gap-
lengths and special marks on tape. Tlwse havt• b1·cn 
chosen to ensure compatibility with nint'-tral'k HOO 

cpi NRZI on the same tranSJXlrt. but w Ith differt•nt 
electronics. 

PE Format Hequiremt•nt 

0 

0 

a. Identification burst. A burst of recordinµ; 
in track 4 (Pchanncl) only starting a mini
mum of 1. 7 inches before the load 1xiint 
marker and extending past load point, but 
ending at least 0, 5 inch before the first data 
block. Used to identify PE tapes. 

b. Initial gap. A gap of at least 3 inches be
tween the load point marker and the begin
ning of the fl rst data block. 

c. Preamble. A burst of 40 zero characters 
in each track followed by a character con
taining ones In each track. 

d. Data. Nine tracks, channel assignments 
same as ·soo cpi, 

0 0 0 

l _ ___. 

0 0 0 "--DATA 

NUTE: IF TAPE IS RlAD IN REVERSE DIRECTION, ONES ANO 
ZEROS ARE INTERCHANGED. POLARITY REVERSAL IS REQUIRED. 

Figure 2. Phase Encoded Waveforms 
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Figure 3. 

lX(lU~IH 
OR 

Write Amplifier Logic 

e, Postamble. An all ones character followed 
by 40 all zero characters. 

f. lnterrecord gap, A gap 0, 6 inch long nomi
nal (0. 5 inch minimum, 25 feet maximum) 
erased in the reference direction. 

g, Tape marks. Tape marks are special con
trol blocks used to identify portions of the 
tape, As opposed to NRZl formal which 
has only one tapl' mark, there arc eight 
possiblt• marks in PE format. Tape mark 
blocks may be from 64 to 256 churactl'rs 
in length :ind arc recorded in the format 
shown in Table 1. 

Heflective Strips 

Load point and end-of-tape rcflec:ti ve strips arc 
attached lo the tape in the same positions and with 
the same meaning as in NHZl recording. 

Cheek Charaeters 

All PE tapes arc written with odd vertical parity, 
There arc no LHC or CHC characters in the PE sys
tem. They arc not needed since• the location of lhl• 
track in error can be easily dctcclccl through tht· 
coding system. 

Heading Phase Encoded Tapes 

Heading methods fr ,. J.-E tapl's di fft·r, naturally, fr um 
NHZl methods. "lowing is a l{C'Jll'ral discussion 
of means employed to extract rt•c·cn·ded information • 
More specific.· circuit dcs('riptions will be found in 
instruction manuals for Kennedy Company PE units, 

II-:: 
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Amplified ht·ad signal \\'a\'l'forms an• shown in Fig
Ul'l' ·l for a typil·al dala blol'k, l'rl'amble and 1x.st
arnbl1.· an• easily id1•ntifil'cl al till' hei,:-inning :md l'nd 
of the hlol'k, Pu1·polil' of llw Jll'Pambll' is t.o allow 
syrwhronization with th,· sii,:-nal by a phase-lol'kl'd 
osl'illalor bdor1• data bPi,:-ins, It is wrillPn al :1:w11 
frpi (all Wl'OS), 

Bt•t·aus1• of tape and l11•ad rt•sponst• limitations, th1· 
hii,:-h frequenl'y 1·01111>011Pnls are of lower amplil11d1· 
than tht· low fr1•qt1l'llt'.\' eo1111>0ntonts, 

Diff1•renlialion of Lill' amplified signal is pt•rformed 
in read L'iel'lronit•s, Signal is then crossover d1•-
tel'l1·d, and dii,:-itizt•d, A new signal envelopt• delel'lor 
is used lo dt•teel "dropouts" in order lo precisdv 
dl'lcrmine dt•f1•c·tiv1• parts of tape, l'p lo three ehar
actPrs ma.\' b1• lost at the bt•ginning of the blol'k and 
some nois1~ can be seen at the end or the blot·k (after 
the last zero) fur up to two characters time, 

Two conditions should be met before sii:,rnals arc 
recognized as valid data: (a) Sibrnals must be present 
In all tra"ks; (b) a number or zeros (approximately 
25) must be followed by an all ones character prc
amblt• detected) • 

Once detected, the preamble combination of all ones 
must be treated as a valid character. All zeros is 
not a valid charal'lcr unless the single track dropout 
lint> is active, 

One phase-locked osl'illator and associated electron
ics is recommended for better tolerance to tape deck 

TRAa lttANNlL 7 • H 

u 

H ,, 

rnu'.lt frequently use{1 1:ornh1ntlt1on 

Table 1. Tape Mark Combinations 
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Figure 4. Read Signal 

speed variation and write data timing, Two detec
tors, a one detector and a zero detector, are used 
to develop data, If, in the required time, neither 
detector has an output, a single track dropout is 
signaled and data correction ensues, 

Each read channel has three output lines: one, zero, 
clock. These three lines are fed to a four-stage 
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shift register controlled by an up-down counter. 
Upon entering the shift register, the 1 or 0 bit ls 
shifted to the right to occupy the last open shift reg
ister cell, As data characters are read out, the 
shift register contents are shifted to the right, This 
allows up to four characters of skew. An error Is 
posted If the skew register overflows, 

Since single track dropouts are detected on a per bit 
basis and since the track in error is known, the 
character in the SR output stage can be corrected. 
This is done by reconstructing the missing bit by 
placing the remaining bits in a parity generator and 
adjusting the missing bit so that odd parity is achieved, 
If more than one track drops out, a multiple track 
error condition is flagged. In this case correction 
is not possible, 

It can be seen from the preceding discussion that 
some complexity is required in the PE read elec
tronics. If possible, it is desirable to share read 
electronics among several tape units as in KeMedy 
System 9000, If a customer wishes to build his own 
PE electronics, licenses are available to use Ken
nedy Company designs, thereby saving a considerable 
amount of engineering time, 
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IVllllA&Y OP llA1IT'f PBICAUTIONI 

....... Callleetlmm 

CAUTION 

Before comeetlng the 111lt to the power IOW'Ce, make 
certain the Une voltage la correct (either 115 vac or 
230 vac) and that the ~r fUHS have been 
llllta.lled. Ptopet fuH ratJ... mt· Indicated on the 
l'HI' ot the 111lt. 

CAV'l"IOK 

Tum power .off before removl111 or lnata111111 PC 
baardl.. 

UCOllllDDBD 'l'OOL8fl'lllT BQUIPllDT 

In addition to normal eleetronlc tools and test par 
(an CllC!illOIC!Ope, voltohmmeter, etc.), the following 
Items ahould be 1vallab11 for 111rYlee and repair. 

708-9100-15-01 

Vacuum test box, Kennedy PN 154-0041-001 
Spanner wrench, Kenn~ PN 154-0042-001 
Set or nut drivers or ·open end wrenches, Phillips and 
standard screwdrivers 
Capstan puller, Kennedy PN 154-0043-001 
Skewmuter tape, Kennedy PN 154-0038-00t · 
Card extender, Kennedy PN 190-2224-001 
Maintenance kit, Kennedy PN 190-2324-001, 

. containing: 

Head cleaner 
Hex IOC!ket keys - 7 /84, 5/32, 1/8, 3/32 
Lint-free swabs 
Refiectlve marker stripe 

c-1 

Mqnuee vlauallzi111 solution 
Loctl te ll'ade ff 

Optional maintenance tools: 
Extension hose set, Kennedy PN 154-0044-001 
Blower extension cord, Kennedy PN 154-0045-001 
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CUSTOMER ENGINEERING 

DATE: 10/27/83 3202 

PSN to 729 - 0249-A 

Kennedy Model 9100 Operation and Maintenance Manual 

REASON FOR CHANGE: 

This PSN describes precautions to be taken when making read skew adjustments 
on Kennedy Model 9100 Tape Drives. The precautions have been necessitated by 
the fact that the normal adjustment procedure can result in a misleading 
indication of proper head alignmen~. 

INSTRUCTIONS: 

Please insert the following pages in the rear of the Maintenance Manual for 
the Kennedy Model 9100 Tape Drive (Wang part no.729-0249-A). 

This page is to be used as a permanent record of revisions; place it directly 
following the title page • 

729-0249-Al 
( )LABOFIATOFllES, INC. 

WANG ONE INOUITlllAL AVINUI. LOWILL. MASSACHUSITTS 01181. TIL. 11171 459-5000, TWX 710 343·1189. TELEX 94·7421 
Printed 1n lJ S A 
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When making a read skew adjustment on the Kennedy Model 9100 tape drive 
(see section 4.20 in the Model 9100 Operation and Maintenance Manual) it has 
been a common practice to check the read head skew by observing channels 4 and 
5 at the Read Preamplifier test points with an oscilloscope while running the 
skewmaster tape. If head misalignment is bad enough, channels 4 and 5 may 
appear to be in phase when, in fact, they are 360 degrees out of phas0. This 
condition is illustrated in Figure 1. Therefore, since checking only channels 
4 and 5 can give misleading results, be sure to check all channels for proper 
waveform alignment. 

It has been discovered in a number of cases that forcing the skew 
adjusting screw has resulted in the threads on this screw being stripped. 
Therefore, it is strongly reconnnended that the head mounting screw be slightly 
loosened before attempting head alignment. The tape head cover must be 
removed in order to access the head mounting screw. Care must then be 
exercised to watch that retightening the head screw after the adjustment does 
not throw the alignment off. Slight adjustments of the skew adj11sting screw 
may be necessary while the head screw is being tightened. 

WARNING 

The skewmaster tape can be ruined by improper 
use. Please observe the following: 

1) Never·. stop the tape at any other point 
than BO.T or EOT. 

2) Never Fast Forward or Fast Rewind. 
(Use the test panel to RUN FWD or RUN REV) • 

l 
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CHANNEL 

4 

6 

0 

1 

2 

p 

3 

7 

5 

/
PROPER HEAD ALIGNMENT 

(ALL CHANNELS) 
I I IN PHASE 
I I 

I 

~ 
I I 

~ 
I I 

~ 
I I 

~ 
~ 
~ 

I I 

~ 
I I 

~ 
I I 

~ 
I 

I 

MASTER SKEW TAPE 

'""'IMPROPER HEAD ALIGNMENT 
CHANNELS 4 AND 5 ONL V 
IN PHASE (360 DEGREES OUT) 

Figure 1 Read Skew Adjustment Precaution 
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CUSTOMER ENGINEERING 

llNIJ[JIJ[JJ SINllllll fllllllll 

DATE: 11/08/83 3202 

PSN to 729 - 0249-A 

Kennedy Model 9100 Operation and Maintenance Manual 

-------------------------------------------------------------------------------

REASON FOR CHANGE: 

This PSN outlines a procedure which may be used for analyzing permanent read 
errors on multi-tape systems which employ Kennedy Hodel 9100 tape drives. IL 
is Lo be used in conjunction with the Operation and Maintenance Manual for Lhe 
Kennedy Hodel 9100 • 

-------------------------------------------------------------------------------
INSTRUCTIONS: 

Please insert the following pages in the rear of the Maintenance Manual for 
the Kennedy Hodel 9100 Tape Drive (Wang part no.729-0249-A). 

This page is Lo be used as a permanent record of revisions; place iL direcLly 
following the title page • 

729-0249-A2 

Printed in U S.A. 
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Troubleshooting permanent read errors on multi-tape systems must be 
performed with a logical and systematic approach, if success is to be 
achieved. The following information outlines a procedure which may be used to 
analyze permanent read errors. It is to be used in conjunction with the 
Operation and Maintenance Manual for the Kennedy Model 9100 tape drive. 

Customer cooperation is important when 
analyzing permanent read errors. Request the 
customer to furnish the following: 
1. Failing tape (ask customer to mark the tape 

reel at the approximate area of failure). 
~. Address of the unit on which the tape was 

written. 
3. AcldrPss of the unit on which the tape 

foiled to read. 
4. Joh on which the failure occured. 

Even if you cannot recreate the reported error, 
log all available data for future reference. 
Include tlw following in the log: 
I. Address of the unit on which the tape 

was wri.ttPn. 
"I - . Address of the unit on which the tape 

fi!ilecl to read. 
]. Tape reel number. 
4. Workstation messages defining failure. 
5. Error log output for the interval involved. 

In addition, ensure that proper error recovery 
<user Error Exit) programming is used, mode 
sPIPctio11 is correct, and the tape cleaner blade 
is nnt worn out or improperly adjusted. Notify 
tlH• customc>r of heavy oxide accumulation on the 
blade, worn tape, c>xternal sources of contamination 
or any other factor detracting from tape reliability. 
lnitiate corrective action with thP customer. 

NO 

NO 

PERMANENT READ ERROR 

YES 

READ TAPE ON TAPE UNIT 
WHERE FAILURE OCCURRE 

YES 

LOCATE AND MARK FAILURE 
WITH FELT PEN - READ TAPE 

ON ANOTHER UNIT 
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Developing Tape is a valuable aid in 
analyzing such permanent read errors. Use 
extreme care when developing damaged tape. 
Further damage will make analysis of the 
original read error extremely difficult. 
Magnasee and Visimag are brand names of two 
developers. WLI # for ordering developer is 660-0232. 

Use cellulose (scotch) tape to transfer the 
developed record to white paper or to a piece 
of clear plastic for viewing in a microfiche 
viewer. Because of the viewer's magnification, 
measurements taken from the viewer must be 
corrected. For example, if the viewer had a 
magnificatin of 30X, the measurements taken 
from the viewer must be divided by 30. For 
instance, a 0.8 inch (15.2mm) IBG would occupy 
18 inches on the viewer. A 40 character PE 
zer0s burst occupies O. 75 inches 09mm). 

RETURN TO ORIGINAL 
TAPE UNIT 

If the read failure occurs on only one tape unit, there may be a tape 
problem on that unit. If only two tape units are checked, the tape unit that 
does not fail to read the tape could be the one that wrote it. Try other tape 
units, if available, to confirm your diagnosis. 

If m0re than one tape unit fails while reading a tape, a bad record is 
probably present. If the tape reads properly only on the unit that wrote the 
tape, check that unit for proper mechanical skew and ensure that the Read Pre
amp! i fiers are adjusted correctly. 

Retc1in the failing tape until you have identified the problem. Some 
conditions that could cause a single tape unit to fail to read a given tape 
are: 

2 

• 

.i 

• 



• 

• 

• 

1. Incorrect Read Preamplifier adjustment. 
2. Dirty, trenched or defective read-write head. 
3. Faulty capstan motor. 
4. Poor tape tracking. 
5. Excessive mechanical skew. 
6. Defective read electronic circuits. 
7. Incorrect power supply voltages or ripple. 
8. Electrical resistance lo frame ground (should pass ESD lest). 

YES 

Tape damage at the point of a permanent read error is not necessarily the 
sole cause of the error. Although the block could have been written over 
previously damaged tape, correct machine operations and micro-program in the 
formatter should have prevented this. 

Analyze the damaged area and its relationship to the adjacent blocks by 
developing the tape. Try to identify patterns by analyzing several permanent 
errors. When developing the tape, look for: 

Short Gap. A slightly shortened gap within one block of the damaged spot 
could indicate that a write error was properly detected but no Erase Record 
Gap (ERG) was performed. When a hard write error is detected, the formatter 
should backspace one record, then erase 3.75 inches of tape and try again. If 
backward creep occurred during several attempts to write the same block, the 
damage could move outside the block and eliminate the writer error. The 
previous Inter Block Gap (IBG) may now be so short that the block cannot be 
read, or part of the preceding block may have been erased. 

Tape Damage in Erased Gap Area. If a write error was detected and the tape 
was properly erased over the damage, check the ability of the read routine to 
handle the noise block . 

3 
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T;qw Oamagt• at End of Block (Block appears to be too sho.rt). A write error 
was dett'cted hut compll>te dropout due to tape damage prematurely stopped the 
backspace operation. An erased gap follows the remaining partial block. 
Contaminated Read-Write heads may aggravate the condition. 

:rare Damagt' in Bl•ginning Zeros Burst (PE Only). An undetected write error 
causl•d a permarwn t n'ad error. Th is usually occurs where a rewrite in place 
caust'S the hlock tn creep forward until the damage is in the very beginning of 
the block. This mav pr·C'vent detection of the write error. 

Tap,• DamagP in Middle of Data. 
write err·ors. 

Check the tape formatter's ability to detect 

Tape damage consisls 
a creasing of the tape. 
The tape formatter should 
during a read operation. 

of small spot or oxide void in one or more tracks or 
The defect may have occurred after tape was written. 

he able to correct for a void within a single track 

All the problems listed under Damaged Tape Errors can be reduced by 
convincing the customer to dispose of bad tapes. Well adjusted tape units 
complemented by good tapes should run with few permanent read errors even on 
damaged tape. Throughput may be greatly reduced d11e to retrys, but failures 
should he soft. 

Since permanent read errors also result from damage after the tape is 
written, emphasize careful tape handling. 

Analysis of IBG in Developed Tape 

1. A short IBG can be due to tape slippage at the capstan, or a problem in 
the IBG generation circuit. 

2. Information or noise written in the IBG. Several causes are: 

a. Erase head polarity is reversed. An incorrectly wired erase head can 
cause a single all-bit "splash" in the IBG. 

b. The tape is written on another manufacturer's system. If tape causing 
errors was written on a non-Wang system, verify read preamplifier 
settings and skew adjustments. 

c. An open erase head. If the erase head is open, the tape will be 
erased in longitudinal stripes, with a hazy area between the write 
head tracks. 

3. When viewing a tape block on the microfiche viewer, extreme cases of bit 
packing due to velocity variations while writing may be seen. 

4. If PE, examine the zeros bursts (the grey high frequency area at both ends 
of the block) an1 the ones marker (the first straight dark line thr0ugh 
all tracks). Th,~ beginning and ending burst should be the same length. 
Partial blocks can be caused by failing IBG detection circuits. 
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EXAMINE FAILING 
AREA OF TAPE 

NO 

YES 

SCOPE FAILING BLOCK 
USING IPLable ASSEMBLER 

PROGRAM 

REPAIR CAUSE 
OF DAMAGE 

Use an IPLable assembler program to scope permanent read errors. 

a. Locate the failing block with the program. 

3202 

b. Set the program up to space backward and then read the failing block 
repetitively. 

NOTE 

Detailed observation of a PE block is difficult 
due to normal distortion of the PE signal and the 
high amount of skew the PE detection circuits can 
tolerate. Examine several tracks at a comparable 
point, looking for noticeable differences in 
levels and waveforms. A record containing 
excessive phase shift is usually indicated by VCO 
checks. Check the tape unit that wrote the tape 
for a possible defective write amplifier. 

The purpose of scoping a permanent read error is to locate the failure 
within the block and determine the cause. If you ~annot determine the cause 
of the permanent read error, save the tape and any information you have 
gathered for use by your district or area technical specialist. A permanent 
read error can cost the customer considerable reconstruction and rerun time, 
especially if the tape was written a month or more prior to the time of 
reading it. There should be NO undefined permanent read errors. 
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606-9100-lOOK 

SICTION VI 

WlllNO AND ICHIMATIC DIAOIAMS 

Thie section contains the wl ring diagrams, echematlc 
diagrams, and circuit descriptions for the individual 
circuit cards used in the transport, The schematics 
are arranged by functional group as shown below, 

Electronics symbols used in the drawings conform 
to MIL-STD-15. Abbreviations conform to MIL
STD-12 unless otherwise specified, Logic diagrams 
conform to MIL-STD-806C, 

Overall 

Control Electronics 

Servv 

Read Section 

Wrlte Section 

{ 
Model 9100 Wiring Diagram 
Model 9100 Power Supply 
Type 5664 Maeterboard 

Type 3842 Interface Control 
Model 9100 Tape Motion Controls (includes 

Type 5665 Main Control Panel 
Type 3843 Pushbutton Control 
Type 5655 Teet Panel Switch) 

Type 3841 Control Terminator 
Type 6667 Sequence Control 
Type 5733 Ramp Generator 
Type 5719 Sensor Amplifier/Driver 
Type 5655 Test Panel Switch (includes 

Type 3864 LED Panel 
Type 4568 Cycler 
Type 4865 Teet Panel) 

Type 4013 Connector Board 

{ 
Type 6666 Servo Preamplifier 
Type 5670 Braking Board 
Type 5672 Resistor Board 

Type 3935 Read Preamplifier (45 ips models) 
Type 5728 Read Preampllfler (75 ipe models) 
Type 4385 Quad Read Amplifier 
Type 6385 Quad Head Amplifier 
Type 4365 Dual Density Control 
Type 5771 Delay Timing (7 track models) 
Type -1367 Dual Density P Channel/Clipping Control 
Type 6367 Dual Den:.ity P Channel/Clipping Control 

Dual Density Write Section 
Type 4366A/4368A Write Amplifiers (45 ips models) 
Type 5366/5368 Write Amplifiers (75 ipe models) 

Type 3860 Data Terminator 
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1 
2 
3 
4 
5 
6 

N ...... 7 
0 ... ... ... 8 
co 9 

10 
11 ..... 

"' 
12 

"' ... .., 
N 

CIRCUIT CARD IDENTIFICATIDN 
TYPE T FUNCTION 

READ:I!IRITE SECTION 
5368-001 S CHANNEL WRIT: AMPLIFIER 
5366-002 4 CHANNEL WRITE AMPLIFIER 
3860-001 DATA TERM! NATOR 
6385-006 QUAD READ AMPLIFIER 
6385-006 QUAD READ AMPLIFIER 
6367-006 DUAL P CHANNEL/CLIPPING 
4365-006 DUAL DENSITY CONTROL 

CONTROL SECTION 
•3841-001 
3842-001 
3843-001 
5733-001 
5719-001 

HODEL 
9100 

CONTROL TERMINATOR 
INTERFACE CONTROL 
PUSHBUTTON CONTROL 
RAMP GENERATOR 
SENSOR AMPLIFIER/DRIVER 

PART NO. 
192-9100-081 

INTERFACE 
STD 

SPEED DEN SI TY TRACKS 
75 !PS 800/1600 CPI 9 

MODIFICATIONS 

• 
-

• 

• 
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606-0001-300 

NOTll TO ICHIMATIC llCTION 

Certain conventions have been observed In preparing 
schematics for this manual: 

1. Resistor values are given In ohms, lf wattage 
Is unspecified the resistor ma.v be either 1 I~ or 
1/2 watt, 

2. Capacitor values may be given In picofarads or 
mlcrofarads, Those values for which neither 
designation Is provided are assumed lo be ob
vious from circuit function, ~'titer capacitors 
on certain supply lines do not hnvc logic elgnirt
cance, In general, they are not shown on sche
matics, On PC board silkscreens they nrl' des
ignated as CF, 

3, Normally 1 IC power connections arc on 1>lns 1-t 
(+5v) and 7 (ground) for l.j pin packages, nnd Hi 
(+5v) and B (ground) for 1U pin packagl's, Sonll' 
I Cs - H76 1 7492, 7.j93 for example - havl• power 
connections on pin 5 (+5v) and pin lo (~round), 

Operational amplifiers In the i'I pin package hnve 
110wer connections on pin .j I-Vee) and pin 7 
(+Vee), Power connections arc not shown unksH 
they are nonstandard. 

4, Where nrnltlple Inputs are tied togl•thl•r only Uhl' 
pin may be designated on the schen1atlc, 

5, l!nused Inputs that are tied high arc nut normally 
Indicated unless thl' l'onncctlon has logk signifi
cance, 

6, From and lo designations arc lntl'nded to tlesl'rlbe 
Inputs and outputs only, The saml' signal may 
be conneeted to several other points not shown 
on a particular drawing. 

7, Abbreviations USl'd In frorn and to dl•slgnatlons 
are as follows: 

C:I 
PIH.' 
BG 
SA 
IJT 

HA/CL 
RA 
WAl 
WA2 

Control lnterfal'l' 
l'ushbullun l'ont rol 
Hamp {jl'nl•rator 
Sl'nsur Ampli fl er i Drt H·r 
Delay Timing 
Bend Ampllfil'rit'llpplng l.1•\'1•1 
Quad Head Amplll"lcr 
Four Channel Write Ampllflt'l' 
FIVl' l'hannl'l Wrlll' Ampllfit•t' 

H, Positive lobrtl' Is shown for nil Internal l'OMl'l'
tluns, lnterfnl'l' conn<'l'tlons arc 7.eru trUl' but 
thl' bar Is omlttl'd, 

!I, Integrated circuit s.nnhuls l'ontnln n l'ln·ult 
designator that l'orrespunds tu tlw number sllk
st·recnt•d onto thl' d rl'U It 111odull' nbovt• nn undt•r
llned number l'l'Prc>scntlng lht• ll' type, 

Thl• I(' type nullllJl•r IH abbreviated and omits 
the portions uf the mnnufnctun•r' s typl' nun1lll'r 
pertaining to l'nsl• nnd Yl'ndor ldl•nllfll·ntlun. 
Furlhl'r 1 sln1·c• lhc> TTL 7~00 1wrlcs 111nkes up 
most of llll' l'ln·ultry, till' H Is omitted on thl'sc, 
Thus n 110 dc•slgnntlon lndlcntt's n HOO 11uad two 
Input :'\ANI> ~all'. T, I, 's l'ompletl' part numbc•r 
Is SNHOO !'\, In mull lfune·tlonal units In l'loRl' 
proxl mil\' tu 1•nd1 other the• l\'Jll' designation may 
bl' omitted, 'l'hl• type dl•slgnatlon may nppl'ar 
uutsl1.k lh!' Hymbol If lhl• symbol Is too smnll, 

l\lilltnry Standard :-iOliC' Is the• bast• fur logic 
s.\'lllbols, Additional 1.·on\·entions nrc• shown hl'
low, 

Llnl' lndll'llll•s buffl'r or poWl'I' 1!.!:J..vc•r 

Trlangll' lndl-
1.·alc>s rpspons1• 
lo l'd~t· !In this 
l'aSl' positl\'t'I 

0 Q 

1.! 
CK Q 

CLR 

Ill. Sl•mfloondul'tor tvp1•s on Sl'h1•mati1·s 111av lie• n•
plal'l'rl by lhPlr funl'liunal 1•qulvn1Pnts. If not 
lndl1.·atl•d, diocll's an• ll'\!ll I, NPN transistors 
arl' 2N271 I, and i>Nl' transistors an• :\I l>Sli!il7, 

11. I· nless otherwl sc• spp1·i fi l'cl, I ight l'll11 ltlng diodl's 
are FL\'102 or cquivnll'nt, 



u. Module connector plns are shown as 

----)E 

where no further coMectlon Is shown on the 
schematic, and ae 

when there le a connection shown, 

13. Where an Input Is represented by an arrow In
stead of ll complete line, the Input source Is 
designated, Where outputs are so shown the! r 
destinations may not be shown. 

14, Some schematics of modules Include certalh ex
ternal elements which aid In understanding the 

15. 

600-0001-400 

circuit function. In this case all th1~ coMectlons 
lo the element nrny not be shown In the lntereot 
of clarity. 

designates n lest point provided on the 
module, Lettet•s proceed from top to 
bottom of card with the j.;round test 
point, If present, as the bottommost 
terminal. 

10, Socket terminals rtre designated with numbers 
for .component side coMectlons Wld letters fo1· 
circuit side conneC"ttons when a double sided 
socket Is used. These ure the designations on 
the :~ocket, When n single sided socket Is pro
vided, all connect tons tu e designated by letters 
regardless of which sldc of the board they Ile on 
the etch. Letters follow the 22 pin alphabet, 
A9CDEFllJ1'LlllNPHSTl"\'WX\'Z; numbers are 
l th1·ough 22. 

• 

• 

• 
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MODIL 9100 POWll IUPPLY 

CllCUIT DHCllPTION 

Besides providing the regulated and unregulated 
voltages required to operate the tape transport elec
tronics, the power supply contains several switches 
and relays required for controlling the sequence of 
operation, Separate low voltage and high voltage 
power transformers are used. All regulated volt
ages are derived from thr low power transformer. 
Output from the hlgh voltage transformer Is supplied 
to the reel servos and capstan servos, 

SEQUENCE OF OPEHATION 

When the power switch pushbutton on the front panel 
ls pressed, plus and minus 18 vdc from transformer 
Tl's full wave bridge actuates relay K4, switching 
ac to solid state switches SSl and SS2, However, no 
ac can reach the vacuum blower motor until relays 
K5 and KG are actuated to make the switch Triacs 
conductive. This happens when the LOADpushbutton 
ls pressed, SSl will now provide power to the vac
uum blower motor, while SS2 supplies ac to the high 
voltage transformer, T2. 

HIGH SPEED HELA \' KB 

During fast forward or rewind modes, plus and minus 
32 vdc Is reqult·ed to run the rePI motors for 200 ips 
high speed operation, To develop this voltage, high 
speed relay KM Is closed by amplified output from 
the capstan tachometer whenever motor speed ex
ceeds l:lO lps, (See high speed relay output signal 
on the Servo System schematic, 1 

Plus 8 vdc and minus H vdc Is now applied lo tlw Sl'l'
ondary cl'nter taps or the high voltagt• transfornwr, 
This lransfornwi·' s output \'oltagl' nuw llll'l't·asl•S 
from plus mu! mlnu:'I 2-t nil' tu plus and minus :1~ \'de 
for high spel•d operation, 

SEH\'O l·:NABLE HELAY Kl 

Connel'll'd in paralld with JXlWl'l' switch ~WI, this 
rPla_\' remains closed for suml' lime artet· puwc>r Is 
shut off, This IJl'l'mlts lhl' Hl'Cjlll'nn• l'Olltrol to finish 
lhP command Sl'quem·1· r1•quln·d for shutting down 
llw tape l rans po rt, 

TYPE 4352 POW EH Sl1 PPL\' HEGl!LATOH 

This l'lrl'ult devl'lups +10 vdc, -10 vdc, and +5 vdc 
regulated voltage from the +lH vdc, -18 vdc, and +R 
vdc unregulated voltages developed by transformer 
Tl's two full wave bridges, 

+lo VOLT HEGULATOH 

Pass transistor Q3 Is fl.cl from + lHv and Its base Is 
driven by a monollthk regulator lC2, \'oltageoutput 
Is determined by HS and H9, Q7 and QH control power 
supply tracking when powering down. As +18v drops 
owing to discharge of Cl, Q8 cuts off at approximately 
13 volts on the +18v line, When this happens Q7 Is 
turned on shorting out R9 and dropping the regulator 
reference voltage to zero, The +lOvoutput Is cut off 
and drops to zero, Since +lOv Is the reference for 
-lOv, -lOv also drops to zero, This action occurs 
before the +5v supply has dropped sufficiently to 
cause indeterminate logic states; turn-off transient 
motions are prevented. 

-10 VOLT REGULATOR 

The -10v supply Is regulated by pass transistor Q4 
driven by Q6, Its reference Is +lOv as determined 
by Rl3 1 Rl4, In this way the two regulated voltages 
are made to track each other, 

+5 VOLT REGULATOH 

An Integrated circuit regulator ICl controls +Ii\' out
put In conjunction with pass transistor Ql and driver 
Q2, Output voltage Is set by H4, H5, The Internal 
circuitry of IC'l, IC2 consists of a differential ampll
fll·r with built-In zt•ner reference, togethl'r with 
facilities for short circuit protection, (J2 assurps 
that sufficient base drive Is a\'a!lable for Ql. 

Slll>HT l'llH'l'IT PllOTl-:C'Tlll:"\ 

!Jrop-through series resistors, for t•xampll• HlO In 
till' -tov supply, provide short l'lrcul! proll'clion, If 
till' drop aeross lllO t'Xl'l'l'dS approximatdv O, liv, 
q5 is turned on, connecting Q-! baSl' to l'llliltPr and 
l'Ult In~ off C~·I. This l'urn•Hponds lo approx I ma ll'l_\' 
1. ii ampl'l't•s under short circuit conditions, Similar 
l'il'l'llits arl' provldPd In ll'l and f('2, 
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TYPI 3142 IN~llPACI CONTIOL 

CllCUIT DllCllPTION 

This module contains n set of receivers for the Inter
face control commands: 

SYNCHRONOUS FORWARD SFC 
SYNCHRONOUS REVERSE SRC 
OVERWRITE OVW 
REWIND RWC 
SELECT SLT 
SET WRITE STATUS SWS 
OFF LINE OFFC 

It also contains drivers that return the recorder 
status outputs to the interface: 

ON LINE ONL 
REWINDING RWOO 
FILE PROTECT FPT 
LOAD POINT LP 
WRITE ENABLE WEN 
READY ROY 
END OF TAPE EOT 
TAPE RUNNING TNG 

Certain controls and delays are also provided to en
sure proper tape motion and transport operation, 

TAPE MOTION CONTROLS 

The motion control commands from the interface, 
SFC and SRC, are translated on this card into the 
Internal motion commands of the transport - RUN 
NORMAL lUiiN, FORWARD FWD, and REVERSE 
RVS. Theae Internal motion commands are supplied 
to the Pushbutton Control module, where they are 
combined with commands supplied from the trans
port pushbuttons and internal interlocks to generate 
the commands that initiate actual tape motion on the 
Ramp Generator module, 

On this module SFC and SRC are supplied to an inter
locking network that ensures that the tape comes to 
a stop before Its direction of motion Is reversed, 
The Interlocking network includes flip-flop ICl-3, 
edge circuits IC2-6 and IC2-8, NANO gate IC~-G, and 
interlocking flip-flop IC3-10, Whenever flip-flop 
tel changes states due to a change in the direction 
of motion, for example from a reverse command 
SRC to a forward command SFC, Its output generates 
a pulse through the edge circuits consisting of Invert
ers IC2 and the associated capacitors, The pulse Is 
gated through IC3-G to the set Input of Interlocking 

flip-flop lC3-lO, The flip-flop can be set only If 
TAPE Rl!NNING TNG Is true, lndlcntlngthnt tbe tape 
Is still moving. In .this case TNG low al Input pin W 
Is Inverted by lClB-12 and supplies a high Input to 
the clear of IC3, The flip-flop can then bl' set by 
the pulse on Its set Input, Its 0 output going low, The 
0 output of 1C3 then Inhibits the IU:N NOHJ\IAL gnte 
1Cl5 at pin 2 1 setting Hl'N NORl\IAL RNN false, 
After the tnpP has ramped down to n stop, TAPE 
RUNNING TNG goes false, clearing Interlocking 
flip-flop IC3, whosl! output then ennbles the RllN 
NOitMAL gate, RUN NORMAL RNN then goes true 
If the following conditions are sntlsflt!d: SELECT 
SLTl ls true, Indicating that the transport Is on line 
and selected by the Interface; BUSY DSY Is false, 
indicating the transport ls not rewinding ur searching 
for load point; and SRC command ls not given at load 
point. (This would activate NAND gate IC15-8 and 
would dlsnble the RUN NOHl\IAL gate at IC15-l,) If 
the above conditions are satisfied, RUN NORMAL 
RNN goes true at output pin V, and is supplied to 
the Pushbutton Control module where It initiates 
tape motion at the normal running speed. The direc
tion of motion is determined by the state of flip-flop 
ICl, If a forward command SFC has been given, the 
fltp-tlop Is set and Its 1-output ennbles NANO gate 
IC14-8, provided that SLTl Is true and BSY ls false, 
This generates FORWAHD FWD true at output pin U. 
If a reverse command SHC has been given, flip-flop 
ICl Is cleared and enables NAND gate IC14-G, gen
erating HEVEHSE llVS true, providing SLTl Is true, 
BSY Is false, and LOAD POINT LP is fa.lee, No 
Interface reverse command Is acknowledged by the 
transport when the load point is detected, 

WRITE SELECT 

During a write operation the Interface supplies SET 
WHITE STATl!S SWS true nl pin K; SWS Is Inverted 
by ICU-4 and Is supplied to the IJ input of flip-flop 
IC7, The flip-flop Is togJ!led provider! that the trans
port Is selected ru1d nn 11111:, after NOH gall' lCl-11 
Is activated by a synchrom1us motion command. This 
would activate NANDgatc !Cl-8 and trigger one-shot 
IC4-1, generating a 2 µsec pulse, Ou the trailing 
edge of the pulse the Q output of the one-shot toggles 
IC7-3, the ~J output of the flip-flop going high and 
activating NAND gate IC'l0-11, generating WHITE 
SELF: CT WSEL true at output pin II, During an over
write operation OVEHWHITE UVW true Is Inverter! 
by IClH-8 and set:-> the I> Input of flip-flop 1C7-12 



high. On the trailing edgl' uf the pulse generated by 
one-shot IC4-4 the flip-flop •n set and enables NAND 
gate IC8-12, One-shot IC: 1-4 also direct-sets flip
flop !Cll, whose Q output tmables thP overwrite gate 
at IC. l:l-9, If write status lH true, the gate Is e1111bled 
at IC8-l3 and It ts kept actl vated as long as a syn
chronous motion command Is activating NANO gate 
!Cl-8, IC8-8 then goes low and supplies WSEL for 
the duration of the motion command only, When a 
WHITE AMPLIFIEH RESET pulse Is given at pin P, 
It toggles flip-flop ICU to the cleared stole ond dis
ables the overwrite gate, 

REWIND FLIP-FLOP 

When n REWIND COMMAND RWC Is given by the 
Interface, 1t sets the rewind flip-flop IC5-3, provided 
that the transport Is selected, on line, and not at 
load point, The 1-output of the flip-flop then goes 
high, generating REWINDING HWDO true to the In
terface, and a rewind command RWM through an 
edge circuit coni,ilsttng of Inverter IC6-6 1 NANO 
gate lC6-8 1 and capacitor C5, 1tWCT Is supplied to 
the Puehbutton Control module, The flip-flop Is 
cleared when the tape re • .irns to and stops at load 
point, or when BROKEN TAPE BKN ts detected. 

END OF TAPE 

An end of tape Indication is set when the EQT marker 
ls encountered In forward direction and remains set 

HU!i-;Jl"12-200C' 

until tlw marker Is ptu1sed In the reverse direction, 

A true EOT signal at pin Z If machine status ts 
TIWOO (ICl0-5,8) and nvs (IC14-6) causes ICll to 
be preset by IC19-8, An EOT status Is then signaled 
at the lntPrface by IC16-3, 

l'JJOn passing the EOT marker In the rcver::ie direc
tion IC13-3 Is high and the FOT signal clocks ICll 
el ear on the trailing edge of the FOT signal dropping 
the EQT signal at the Interface, ICll ts preset to 
the clear state by Bl<N signal at pin X, 

OVTPUT STATl.'S 

Most status gates on this module are prl\condltloned 
by SELECT and ON LINE being true; co11sequently, 
the transpL.rt returns status Indications only when It 
Is selected and on line, The HEADY status ls gener
ated when BUSY BSY supplied from the Pushbutton 
Control module Is false and the transport ls not re
winding. The LOAD POINT output ls also precon
ditioned by the rewinding status being false. The 
only status gate not preconditioned ls the rewind 
via the REWIND pushbutton. If the pushbutton ls 
used to rewind, that status ts mude available to the 
Interface without being selected and on line, 

• 

• 

• 
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TYPI 4142 INTIRPACI PC IOARD 

CIRCUIT DllCRIPTION 

This bonrd contuins t·eeelvers unrl gutlng circuits for 
developing tnpe transport corn rmmds from lncom Ing 
eonlroller cotnnmnds. ll ulso contulns line drivers fo" 
outputting tnpe transport stutus corntnnnds to the 
controller. In uddltlon, type n flip-flop ICIO outputs 
EBDIS/, the Ernse Bur IJlsable slgnul required during 
tupe editing. 

Tope Motion Control Circuitry 

SIT. SRt', FAST tnpe motion eornmnnds frorn the 
controllPr nre trnnslnted Into lnternnl tnpe trnnsrort 
motion comtnnnds RNN/, RNF/ 11nd RVS/ by quud 2id 
tnult lplexrr IC' I 5. These lnterwtl eotn mnnds nre 
supplied to the Pushbutton Contrlil module where 
they ure l'otnblned with com munds from the lri:nsport 
pushbutton!! and the Internal lnterlol'hs to develop the 
nctunl tupe motion cotn munds Issued to the 
lrnnsport 's Ru mp neneru tor PC bourd. 

SRC. SFr nnd FAST nrt• supplied to nn lnterlot•king 
net work on this PC' board to insure thnt tnpe rnotion 
ernses prior to nl'ceptlng 11 nPw direct ion corn rnund. 
The interloek net work consists of u high frequency 
snmpllng oscillntor {IC! I nnd rclnted components), 
nnd II dlreetlonnl Interlock rlip-flop or 14 and related 
eomponents) lo seleel nnd gcnernte the upproprlutl' 
IWN NORMAL. HUN FAST and HEVERSE signals 
l't•quircd by the trnnsport. The oseillntor monitor~ 
the stnte or TNli/ (Turning) slgnnl. This signal 
disnblC's oscillutor output when the enpstnn 1 .. turning 
11nd l'nnhll's osl'lllutor output whl'n tnpP und cnpst1111 
mot ion t•eusl's. 

Tnhil' l lndieulcs the eontroill'f' inputs und intl'rfllt'l' 
tm11rd output.s rcquirl'd to initintl' n given tupe 
111ulion. 

To !~Plll'rntt• HNN trur for l'orwurd t11pl' motion, SIT 
(Synt•lu·onous Forw111·d I 'orn rn1111d) l'rorn thf' t•ontrollel' 
11111st tw trllf'. This is suppiil'd lo lhf' I> Input of 
intl'l'loel\ fiip--flop ll' 14 und pin :1 of rnultir>iPXCI' IC' 15. 
·\I'll'!' !'1tpsl!lrl motion t'l'llSl'S. TN<i/ goes f11lsC', 
P1111tiling llw l1igh f'rl'qlll'IH.'~' risl'il111tor nt !CI I. pin :1 
In l'lol'k uut q l1igli 11! H'l 4-:i. This is nppliPd to 
11111il iplPXPr IC' I :i- l tu sPiPPI its II rnpu!,, Sinl'f' SIT 

Tupl' :\lodl' 

lorw11rd 
HPVl'I'~(' 

1 ·11sl Forwurd 
1"11sl Hl1 V!'I'~{' 

l 'onlroill•r· ( 'ornr1111r1d 

Si"<· lna• 
SH<' tr111• 
Si'<'lf'lll' • 1'1\STln11• 
SI!<' t1·u1• • F.·\ST ll'lll' 

high Is upplled lo the 1H input of thC' rnultlpiexer, the 
output ut ICl 5-4 goes high. This is inverted low ut 
Inverter ICI0-11 to produce HNN/ (Hun Norrnnl) true 
ut pin V. 

Should the Synchronous Heverse Comrnund (SHl') be 
issUl'd to the trunsporl, it will not be nbie to produce 
11 HVS/ trunsport comrnund until cupstnn rotntion 
t•euses. SHC true ls guted with LP/ f11lse to enable 
IC0-6. IC0-6 high ls upplled lo inputs 1 /\ und 2/\ of 
the tnultlplexer. Arter lupe motion stops, TNG/ fnlse 
enables the sumpllng osclllutor, clocking the Q output 
of ICl 5-5 low, since SFC would now be low fulse 
after inversion ut IC14. IC15-1 of the multiplexer 
goes low, selecting the A multiplexer inputs. IC! 5-4 
ngnln goes high to Issue HNN/ true nt pin V ICl5-7 
ulso goes high 11nd is Inverted low 11 t IC I li-3 lo 
produce H VS/ true. 

Fu~! forwnrd t11pe rnolion does not require 11 stopped 
tnpe, !f u direction ·chunge ls not required since the 
rcquisitr:- H N N true is roUtC'd buek to pin 11 of the 
multipl"~cr Ir and output whenever the A inputs nre 
selected by IC 14-5 low. IC 15-9 goes high n t this 
point, mnklng NANO gute IC16-10 high. FAST true 
from the lnterf«C•e wlll enable IC16, which outputs 
RNF/ true nt pin U. RNN/ ul pin V will also be true 
us required by the r11mp generntor for fust forwnrd 
tupe motion. When the End of Tope murk ls renched, 
EOT/. connected lo pin 10 of the multiplexer, will go 
low true. c11using IC' 15-!I lo go low to dlsnbie u run 
l'nst oper11tion (now being interpreted us nortnnl run). 

Pust reverse tnpe oper11tion is initinted by gencrnting 
HNN/ true, RNF/ true nnd HVS/ true. Thus, the 
controller must Issue SHC true nnd Fl\ST true. After 
e11pstnn rotntion ceuses nnd TN<i/ goes l'nlse, Q low ls 
l'ioekl'd out or IC' 14-!i, seleetlng the I! multiplexer 
inputs. Then HNN/. HNF/ 11nd HVS/ ut pins V,U 11nd T 
1rn go low true. 

Tnpc motion will be disnblcd whenever llSY true or 
SLT/ 1'11 Isl' sig1111 ls nt·e issued. Thi~ would disubll' 
NANI> gull' IC'~-H. l'P'illltlr1g in 11 high flllsl' 8THOBE 
sig1111I ul ll'lr1-I r1, whil'l1 dis11l>ic•s 11il mulliµll'Xl'I' 
outputs. 

lntrrflll'l' l'C'll Output 

HNN!lrllP 
HNN/ll'lll' I H\-S/tl'lll' 
HNN/trUP • HNF/trw· 
HNN/true 1 HNl'/trtH' • H\'S/truP 

Tuble I 



Write SeleL•t 

Control of till' wrlll' nrnplifil'r is lll'f'fol'llteU by SWS 
(SC'! Write Stntus), OVW (Overwri\C') nnd intcrnully 
genernted WARS! !Write After Rend Strobe) signnls 
which generntl' WSEL/ (Write Sell'c1 t) end EBDIS/ 
<Erase Bar IJisnblr). WSEL/ und EBDIS/ ure output to 
, 11e sensor 11111plifll'r und pushbutton control curds. 

A c;ampling sehl'me is empioyl'd to permit the 
lnterfaee to Issue tnpe motion und WSEL eom munds 
slmultnneuusly. RNN/ true and RNN true ure delnyed 
IB nnd B usee respectively by RC network!l RB/Cl end 
R9/C2 prior to being upplied to Schmitt trigger 
NANO gnte IC13. As a result, ICl3-8 outputs an 
upproxlmete B uset' low t'lockpulse to the snrnpllng 
flip-flops and the preset of ICB. Thus the write 
t'ommands nre sampled 15 to 20 usec after the 
lending edges of the tape motion com mends, ullowlng 
the controller to output tepe motion und write 
nmpltfler commands simultaneously. 

Set Write Stetus (SWS) true Is loaded Into the D input 
ut ICI0-12 from 15 to 20 usec nfter RNN goes true. 
SWS high true nnd EBDIS high fnlse ere applied to 
AND/OR Inverter IC9 at pins 9,10 and 11. producing 
WSEL/ true nt IC'9-B. OVW will be fnlse during a 
normnl write operation. 

Note thnt WSEL/ is not reset on tcrmlnutlon of 11 

tnotlon comrnnnd; lnstend It Is only surnpled 11t the 
beginning of 11 motion commund. This avoids 
potentinl glitchl's from being written while writing 
eonseculive blocks. slnC'e the write amplifier Is not 
being conslnntly turned on nnd off during this 
opNntion. 

Overwrite 

OvPrwriting or editing Is pl'rformed by buckspucing 
OVC'r thl' blol'k lo be rewritten lo determine its exnl't 
length then presenting OVW true und SWS true 
l'onl'urrent with lhl' beginning of 11 run eommnnd. 
This set-; the Q output~ nt ICICHI low l'nlse nnd ICIU
:i true. lkset l'lip-flop 1('8-9 is nlso set high true. 
AND/OR inverlN ll is en11bll'd, outputting WSEL/ 
true for lhe dUl'lllion Of the OVC'l'Wl'ill' operHtion. 
Nole th11 t Eruse Bur 11isnble ( EBIJIS/) true is output 
tu the sensor 11111plifier from pin 18 during nn 
ovl'rwrllc> operu lion whil'h dis11blrs (turns off) the 
upstn•nm l'l'llSl' IJ11r. 

Af'IPr 11 liloL'" j.., w1·ittl'11 in NHZI J'or11111l. \\,.\HS ~·oC's 
trtH' 111 l111• write• umpliliL•r lo prodll!'l' 1111 l.H< · 
C'lt:tr11l'll 0 1'. llil'll \\·\HSI t1·uc· 1s issued lu the• 
i11lc•rf1tc•c'. lu~gling It 'H-!I 1"1ilsc• lo cli..,11blc• Wr·ttl' Sc•lec•l 
1111d turn off the w1·1tl' t'lll'l'l'lll l.JC'lurl' writi11g 1•1111 
l'Olltilllll' 11110 lit!' Ill'\[ c.J11l11 lJIOL'k. 

HC'winc..l 11nd Unln11CI 

The rC'Wind stn lu ... flip- II op is 11 SH flip- rJop l<"I 111111 
rc•lnlPd <'irc•uilry. :\ HPw11Hl ('0111rnm1cl (H\\l") is 
nc•r>rplPd wherlC'Vl'I' the• lupP is 1101 :t\ loull po111l (I.I' 
flllsC'l. IC"'i'-8.2 go hi~ll, 1•1111s111~ HI\ !Iii ll'lll' sl1tllh 
signnl lo be output lu lhl' it1ll•r·i1H'l' throu~lt drivc•r 
l«:i-ti. Simultlllll'OllSly n 5 lhl'l' Hl\TI I true• pllhl' IS 
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output from Sl'hmitl trigger NANI> gulc IC'l l-11. 
H WC I Is output tu thl' l'usltbut ton l 'ontrol I'<~ bonrd 
to set the HEWIND flip flop. Tlw pushbutton c.•ontrol 
e11rd then issues 11 R W IH; I true• level which Is upplled 
to J('7-IU lo keep the rewi11c..l sl11lus flip-flop ··et. 

When the tupe rewinds to londpoint (I.I' true) nnd 
cupstnn motion ceases (TNCl/ ll'Ul'), or 11 broken tupe 
Is detected (HKN true), the l'l'Wi11c..l stutus flip-flop Is 
clenred. IC7-11. I 2 goes high. whiC'h ls npplled to 
AND gnte ICB-12. If the unit is selcc•lec..l, online, nnd 
not busy, l<'li nnd ICl3 will Ill' 1•1111bled lo return 11 

RDY tr0Ul' st11tus slgnnl to Inform thP itt!Prf11c.•c• thnl 
the trnnsport Is reudy fur the lll''<l d11t11 nnd/or tnpl' 
motion eonunnnd. 

During un unloud operulion. thl• tupc is sluwly 
rewound off the tukeup rl'el. Tu m•cornpllsh this, 
UNLll/ true iH lsHUed from the c•onll'llllcr. UNI.Ill 
true Is Inverted high 111 IC4-l 2; tlwn gatl'd with SLT 
SLT nnd ONL, or just UNI.Ill itsl'IL (This Is 
determined by the strapping of STI /ST2: See tnblc on 
schemutle.) The high output nl ICCi-8 is mverted low 
by IC4, then used to set urlloud flip-flop ICB ut pin 4. 
ICB-5 high is gated ut ICll with IC7-ll,12 high, 
which indien tl'H the trunsport is not rewinding. IC' 11-
6 outputs UNLOAD/ true for v11cuum l'olumn 
9100/9300 trunsports. Strup ST5 is connected on 
interfueC' PC bourds used in 91 Ull/930U lrnnsports to 
output UNLOAD/ true to the Sequence Control PC 
board through pin 7. 

With slrnp ST3 instnlled, HVS nnd RNN/ true signuls 
nrc output to thl' Pushbutton C'ontrol PC bourd on 
l!OU0/11700 trunsport through pins V 11nd T. A BKN 
true stntus signul will clenr both the rewind status 
nnd unload flip-flops, when the tupe completely 
unlouds. 

lliudes C'R3/CR4 11t pi11s lll 11nd 12 cnusc UNLD/ true 
from till' ln\erful'e lo initinte 11 rewind operation If 
the tnpe wus not nlreudy ut loud point. The tnpe 
drivl.' will nlso be t11kl'n ofl'line (OFF<: true). RC 
network R21/C7 deluys Sl.T nnd ONL true signnls 4 to 
Ii usec• to insurP correct timing during this 
co1111.J11111 lion u11lo11d-t·l'W ind-offlinc opern lion. 

COT Fllp-Flop 

ll' 14 is the EOT flip-flop which outputs EOTI high 
lrul' stntus sig1111I to the Pushbutton Control Pl' bont·d 
whenPver the EOT tub hns been dl'!Cl'IC'd. EOT trul.' 
nlso is gnted with SLT nnd ONI. trur 11t IC'!, lhC'll 
rc•lurrwd lo tlw interl'n<'P vi11 pi11 LI us EOT. EOT low 
i'Hlsl' lr11ili11~· l'cigP t'ru111 tltl' Sensot· t1111pliftl'I' c•lt•11rs 
IC'l4 l>y l'iol'ktng tlw flip-llop if 1111d only ii' 11 rPVl'rsC' 
motion t•o11111111nd is i111tit1tl'd. (EUT i~ dcl:1vL·d Liv 
H 111. l ·3 fur TTL t.i 111 ing eorl';idc·1·11 lion~.) E<JTI ll

0l 
I<' 14-8 now gaps 1'11 Isl'. l.011cl l'oinl lf'tll' or llruken 
T1tpl' true. whit•h ure npplil'cl lo prTsl.'t pin Ill. will 
nho l'IPlll' the EOT rlip-l'lop. 

St11 tt1-; <in ll'" 

!\II sl11tu" gn\c-; un tilts l'l · 1>0111·ci 11n· prcC'o1Hlil1uned 
l>y Sl.T nnd ONI. i>l'ini.: true-. l"hl' g11ting lll' thesC' 
signnls Is sell'-Pxph11111lory. 

• 
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806-50!i5- l OOA 

MODIU 9100 TAPI MOTION CONTIOLI 

CllCUIT DllCllPTION 

Thie schematic shows the Type 6005 Main Control 
Panel and the Type 3843 Pushbutton Control card, as 
well as blocks of the Sequence Control, Interface 
Control and Test Panel B\\itch to illustrate the inter
connections between these modules and the other tape 
motion control circuitry, 

The Pushbutton Control card and the Sequence Con
trol contain the circuitry required to perform the 
motion commands Issued from the lnterface Connec
tor or by the Main Control Panel pushbuttons, The 
Pushbutton Control card generates RUN NORMAL 
RNN1 1 RUN FAST, RNF1 1 and REVERSE (RVSl) 
which are supplied to the Ramp Generator, Here 
the tape motion signal frcm the Pushbutton Contrul 
card Is converted to an analog voltage for controlling 
the capstrut servo on the Type 5606 Servo Preampli
fier module, 

The ON LINE pushbutton on the Main Control Panel 
ts connected to the ON LINE Olp-flop on the Push
button Control card. The LOAD and REWIND push
buttons are processed by the Sequence Control prior 
to being applied to their respective Olp-flops on the 
Pushbutton Control board as negative true signals, 

LoADINO 

When LOAD ti ue Is output from the Sequence Control, 
It grounds the Input to inverter IC12-1, &ettlng the 
LOAD flip-flop consisting of NOH gate IC13-0 and 
Inverter IC12-l, Once the LOAD flip-flop Is set 
IC13-6 goes low, This signal Is Inverted nt IC12-4 
to remove the direct-clear from ON LINE flip-flop 
ICl0-3, Thus the ON LINE flip-flop can be set only 
after the transport has been loaded, When the ON 
LINE pushbutton Is activated the first time, It toggles 
ICl0-1 to the SC'l, or ON LINE, position, The ON 
LINE flip-flop can be cleared by pressing the front 
panel pushbutton a second time, or by an Int erfnl'e 
OFF LINE cor.IMAND (OFFC'l) supplied fro111 llw 
Interface control module, 

The H EWIN D puHhbuttun l'an bl' activated onl.v when 
the transport Is off line, When activated, lhl' HE
WINlJ puBhbutton sets the fl Ir-flop consisting of gates 
ICB-8 and ICB-G, provided that the transport is loaded 
at the ti me and test mode Is not selected. Conse
quently the transport cannot be rewound l.Jy the push
button during test mode, or when on line, or when 
WAD ls false, 

When the transport ls on line the rrnWIND Olp-flop 
can be set by Interface REWIND COMMAND (RWC1) 
true, supplied from the lhterface control module. 

The output of the REWIND flip-flop, HEWINDINO 
(HWIJGl), activates NOH gates IC15-8 and IC14-G 1 

generating RNFl and HVSl true to the ramp gener
ator module tu Initiate a fast reverse motion to load 
point, When load point ls detected the photosensor 
amp driver module supplies LPPULSE true to Input 
pin H of the Pushbutton Control module, clearing the 
REWIND flip-flop, 

ADVANCING TAPE TO WAD POINT 

The ON TAPE flip-flop, IClO, locates tape position, 
Before the tape Is loaded, the flip-flop ls cleared 
by 'I:OAD false, which Is inverted low by IC12-2 at 
ICl0-8, When the transport ls loaded the dlrect
clear ts removed and NANO gate IC14-11 goes high, 
Since the ON TA PE flip-flop Is stlll cleared, its 'Q 
output high activates NANO gate IC14-B, generating 
RUN NORMAL (RNNl) at output pin Y to advance tape 
to load point, When the load point marker Is detected, 
LP true from the photo sensor module Is gated through 
IC16-3 and direct-sets flip-flop ICl0-7 to the ON 
TAPE state, terminating the tape motion. Similarly, 
when load point Is detected during reverse tape mo
tion, the ON TAPE flip-flop ls toggled by NANO gate 
IC16-11 to the clear state, tnltlatltlg forward tape 
motion back to load point, 

Bl!SY 

This module generates a BUSY output when the tape 
ls not loaded, when It ls advancing tu load point, or 
when the transport ls off line and hot In test mode, 
In any of these cases NOH gate IC'4-B ls activated and 
supplies RSY true through IC5-2 to tho lnterface 
Cohtrol module, 

WHITE HEADY 

WHITE HEADY true Is ~enerated In two different 
eases: when the Interface supplies WHITE SELECT 
true and the trnnsport ls not In teHt mode (TM fn!He), 
or when the transport Is in the wrlte teHl mode and 
fllp-fiCJp ICG-14 Is set, In either caHe NOH gate 
ll'l-8 is activated, enabling NAND gate IC'•l-5, The 
gall' is activated provided that BUSY (HSY) lt:1 false, 
FILE PIU.JTECT (!<'PT) is false, and thl' transport Is 
nut in reverse motion (HVSl Is falHe), ll'·1-li then 



[.lOl'H low; IH tnvl'rlt•d Ii\· ll';,-1~ :md ~l'nl'rnlt•H WlllJY 
true nt output pin J to lht• Wrllt• A111pllfh·r 111oduli•, 

TEST PAN~;L l'UNTBOI. 

In order to lll'll v11tt• lht• t l'Hl panl'l tlw trnns1x1rt mu Ht 
be off line, 11ml lhl' test pnncl HTO I' pushbutton must 
be dt•(>rl'RSl'U, ln thnt l'RHl' lht• T~;HT MOl>t-: pu1:1h
button un the test pnuel l'llll bl' udl vutcd 1 At•lllng tht• 
flip-flop l'onslstlng of lnvcrtcr1:1 Il'11-H and lt'll-10, 
whll'h In turn toggle1:1 tht• teHt mode fllt>-fiup Il'U-li 
to thl' test mode state, generating Tl\t nnd 'FM true. 
The test mode fll1>-flop Is dlrel'l-dcared when the 
transport Is placed on ll11c 1 or when the TEST MOIJl~ 
pushbutton Is acttvated a second time, After the test 
mode flip-flop has been set the other test panel push
buttons are enabled, The WRl1'g TI•:ST pushbutton 
may then be act! vated, setting the protective flip-flop 
consisting of Inverters IC'11-4 and IC'll-ll, This tog
gles the write test fllp-flop ICll-1 to the write test 
mode, provided that forward motion ls selectPd, The 
'Q output of the write test flip-flop then activates 
NOR gate ICl-8 1 which In turn activates write ready 
gate IC'4-5, pt·ovlded that FILE PROTECT (FPT) 1 

REVERSE (RVSl), and BUSY (lrnVJ are all false, 
WRITE READY (WRDY) true Is then gtmerated at 
output pin J to the Write Amplifier module, where 
It enables the write data strobe circuitry, During 
the write test the write amplifiers generate consec
utive all-1 characters which may be used to adjust 
the skew, 

~llli :,1;1;:, ~1111,\ 

Addll l.inal ll•Ht pnrll'l putthhuttunH 11 l'l' 1-'W I> 1u · N fn 
l'11rwrrd1·1111n11rn111l l111lto111, FAST l·Wllfn hlt.{h Hp1•1•d 
ro1·wurdhullonl I 1n:v Ill N, nnd ( 'Yl 'LE. '1'111· l'!'Vt•rHt! 
run hullonl'llll IH'nl'tlvnll'd only tr llN'l'Al'J< l'llp-nop 
ll'IO IH Hl'l nntl tin• Lupi• IH not ut loud point. NANIJ 
gntc ll':l-:l tH ucllvull'd, whll'h In turn ncllvnl<'H NANll 
gntL• lt'7-U (wlwn the 'l'EHT MOIJE flt1r-flo11 IH Hct) 
lUlll !WLH lht• l!Oll\1110n or tlw l"l'Vl'l'Hl' huttonH low. Tht! 
forwnrd motion comrnnnds 111·c terrnlnutedwlwn l'ilhcr 
the STOP pushbutton lH ul'llvnted, dcnrlng lhl' '1'1-:8'1' 
l\IOIJE nt1>-flop 1 or end ur Lupe IH deloctcd, In which 
c1uw l·:C'Tl true IH Inverted by 1('17-·I, dlttnbling 
NANJI ~nlc (('7-:1 nnd Hl!Lltng the L'UllllllOI\ or both 
forwurd motion buttons high. Ht mllurly r1wcrHc mo
tion ean be terminated by act! vnttng the HTO I> puHh
button, which terminates all test modl• operntlonn 1 

or when load point Is detected, In which case LP 
true Is Inverted by lCl 7-3 and dlsubleR NANIJ gates 
ll'3-3 and IC7-ll, This o·Jls the common of the re
verse buttons high, The Pushbutton Control module 
nlso drl ves tht! test panel lndlcntors, llghtlng the 
data lamp when any data ts being proces1:1ed by the 
wrltl'/read electronics, Illuminating the skew lndl
cutor when the skew Is out of adjustment, lllumlllllt
lng the EOT Indicator when the tr1U1sport ls at end 
of tape, and Illuminating the LOAD POINT Indicator 
when the transport ls at the beginning of tape, 

The CYCLE function Is fully discussed In the Type 
5065 Test Panel Switch circuit description, 

• 

• 

• 
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llD6-4!l43-t !Ill 

TYPI 4143 AUTO POWIR RHTART PC IOAID 

CIRCUIT DllCRIPTION 

(OPTIONAL PC IOARD) 

lr1trodul•lion 

\'il1l'll lm•orporutrd in uny of llw l<ennedy Model 9DDU, 
!1100, !131111, 97110, 911110, or !1832 rct•orders, the type 
41143 Pushbutton Contrt•l module 111lows use of scverul 
furtory optlonul feutures. These functions ure 
detcor111111ed by optlon11l strops Hnd the use uf 
l'omponents In tht• APH fi•!ld. Not nil functions 
und/or l'ornbinutlons of such ure HV11i111ble with everv 
911011 serit•s recorder. Refer to schernntic 401-41143·
llll I nnd thC' dash number of your purticulur 4843 
tnodule for feutures that huve been Incorporated ttnd 
tested at thl' time your unit wus built. Due tu lllC' 
Interaction uf severnl of these options the user Is 
ndvised to l'ottsult the fuetory in writing if he desires 
to Incorporate any additional optional features 
through field modlflcutlon. Futlure to do so invites 
the possibility of voiding the wnrrunty of the 
purticulur recorder Involved. 

The major optional fentures nlong with suggested 
usage nre outlined below. (Reference Is tnude to 
schernut le 401-4843-IJO I.) 

ON TAPE (OT) 

Dr.terrnlned by thC' plucernent of option strnp I. If 
this option Is specified ut the time uf fuctory order, 
the operutor t•unnot pince the tupe unit on line until u 
reel or tupe Is loaded end positioned ut or pnst the 
BOT tub. 

ONLINE LOCK (ONLL) 

Lll'li:r111ined by tbC' piucernenl of option strup 2. 
Wlll'n spet•ified ut the time of fut'tory order, this 
feulure prevents the op·?rulor from rnunuully tuking 
the tupe unit orr line viu the front panel switch, 
unless lhr lupe eontroller hus ullowed him to do so. 
This signul is not normnlly gntrd with select und Is un 
Input slgnul llne on lnterfuee connector JI-A. 

FAST (FST) 

Determined by diode C'H2 uncl 11 sprl'iul l'Ot1lrol 
lr1terf11ee module. Whe11 spN•ific•d 111 till' lune of 
fuelur:, order, this 1'l'11l111·p 11llows i111L•rr11ce c·ontrol of 
high Spl'l•ci forwurd fllld higl1 speC'd l'l'Vl'rSl' 1110( ion or 
lupe. It is usPd in t•o11jum•tio11 with the Syrwhronous 
Forwurd. Sy11Phronous Hrvcrsc, unrl the uptiorutl 1'11sl 
litll' fll the t'Olllroi intrrrlll'l' l'Olllll'l'tor or \ill' dt•l'I\, 
High speed fnrw11rd und rPVC'l"se l'u111111unds will be 
ut•ecpll'd when ti " tnpl' is on lirw flllli sl'll'ctrd. Till' 
high spl'ed rev• ·~·" l'om11H1111i will bt• irnplenwnled al 
uny limP wilt .. iupl' i~ positronC'd pusl the BOT tub 
11nd the high speed l'orwurd c•o1111111111d will llC' l'll!'l'il'd 
out onlv when tnpt• is posiliorwd 111 or tll'IWrl.'11 llw 
lien 1111d EOT tubs (p11·.1 EOT. 11 lust l'urw11rd 

co11111111nd will cuuse tupe lo udvHIH'e at the norrnnl 
synehro11ous forwurd spl•ed). Note: This feature 
should be used only fur purposes of high speed searl'h, 
us writing l'lltlllut be done ut high spePcls. 

AUTO POW EH HESTAHT (i\PHJ 

l le term ined by the con figuru lion of eomponent ~ In 
the /\PH field end externul ussemblles (in some 
111odels) driven by this tnodule. When specified at the 
time of ructory order, this option will protect the 
tepe unit agnlnst "brownout" und will 11utometlcelly 
power up, load, 11nd set the deck on line! under certain 
conditions. With the standard APR option this 
cireultry continuully monitors the line voltt~ge end 
whether the tape unit Is on line or off line. If the 
external line voltage falls below a minimum value 
required by the tupe deck, this option will force the 
deck Into en off-line state ulong with issuing a 
BROK EN TAPE commund (I.e., the reel end capstan 
servos will be disublell und uny write current Is 
Inhibited). When the Input power level returns to en 
ucceptuble value, the APR circuitry will do one 01 

two things, depending on whether the deck wus on 
line before the power fell: (1) nothing, If the deck 
wus iiiliil off -I ine ste te, or (2) load, advance tape 
several inches end piece the deck on line If it was 
previously in un on-line state. Additionally, If APR 
circuitry Is used In the Model 9832 buffer, It wlll 
issue un INITIALIZE signal (I.e., clear the buffer 
memory) when power is returned. 

OPTION1\L LOAD ON LINE FEATUHE 

1\ factory vuriation (to be specified ut time or ordPrl 
or the st1rndurd APR option is the LOAD ON LINE 
(LOU feuture. If speelfted, this allows the user 1 

through a control Interface sigm1l, to load end place 
the tnpe deck on line. The LOL signnl Is 
eeknowledged only after exlernul power hus dropped 
and returned to an acceptable level 1rnd the deC'k is in 
un unlouded state. If the LOL fC'nture is used, it Is 
lhC' user's responsibility to providl' 11 TTL logie low
going pulse (rninimul pulsC' dur11t1Pn 51111 milliseconds) 
after power is returned lo un uccC'plul>le level. The 
LOL signul is not guted with SEUTT 11ncl 11ppC'11rs es 
1111 input si~nul on interf1H•e l'OIHH'l'tor .11 f\. 

SU!i<iESTEI> US,\UE OF ·\l'H l'l.i1TUHE 

The ~l11mlllrd Al'H l'irt•uitrv is lll'livuted onlv when 
thC' dC't'k is pluc•pd 011 llnr ur;d is ckurtivntrd wiw11 lhC' 
dl'l'k is plul'l'd off line. lln the l'll~t· of th,, LOI. 
v11rrutio11, cirl'Uilry i~ lll'I ivutpci 0111~ wlwn powrr hus 
I 111ll'd 1111d th1•11 rl'lurnC'tl wlwn tlll' dl'l'h is in 1m 
11nio11d1•d sl11lt'.) Thus, when 1111111111111~· io11ciing 11 reel 
uf t11p1· 011 till' dt'l'h, till' ·\I'll 1'l'11tur·l· i~ trnnspurenl 
to tlw opPr11lo1· 1111d ont~· l'Olllt>~ 111to pluy when 



externnl power has railed with the tape deck In en on
llne stutc. The tnpe deck must be mounted In e 
vertical poslton lo uvoid spilling or tape In the case 
or power f'ellure. Proper positioning of commends 
11rter the A PR circuitry has repowered the deck 
depends on the purtlculur mode of operation end 
should be determined by the eppllcutlon. If e rewir1d 
was In process et the time or power failure, the tape 
may stop and becotne repositioned up to 5 feel before 
load point. For proper operation In this easc 1 tape 
should be 5paeed forward 6 feel and then rewound. 
ror any other tnode of operation, It Is suggested that 
11 REWINtJ cotntnand be Issued Immediately after an 
APR power-up. The LOL signal Is not guted with 
SELECT end appears es en Input signal on interface 
connector J 1 A. 

The APR circuitry Is designed to operate under 
conditions of power failure external to the tape deck. 
l'ower failure sltnulatlons made vT11 the front panel 
power switch do not come under the above culegory 
slnt'e this power switch Is located between an Input 
power lt_FI filter end the power trunsformer. 

ALITO POWER RESTART ADJUSTMENT 

Normnl field adjustment of the Auto Power Restart 
board is tlot required unless a new APR board Is 
pluced in a machine or an existing board has been 
refurbished. If this Is the ease, the following field 
procedure Is recommended1 

I. l'ower UJJ muchlne and adjust R 18 fully CW, 

2. Monitor TP-A end Tl'-B with e scope. TP-B Is e 
logic level and will be high. TP-A Is the 

8ll6-484:l-2UllA 

prcrcguluted • 5 vde und will 11ppcur on the st'ope 
as Illustrated below: 

~ 
V min 

time 

3. Adjust the Input power· voltage lo the machine so 
thut the value of V 1 11 (as shown above) equuls 
the vulue stuled on 1~t!hemutic 401-4843-1101 of 
the APR PC bourd. 

4. Turn R18 C.:CW until the voitugc UJJpeering at 
TP-H goes low. 

APR OPERATION IN MODELS lllU0/11300 

Al'R operation In these vucuum column tape 
transports Is ldenllcul to the ubove description with 
the following exceptions: 

a) Menuul end powC?r failure Initiated load 
sequences lake approxlmutely twice es long 
due to the lncreused tape tensioning lime 
required to prevent oversized tape loops 
from forming In the vacuum columns during 
11 power rollure. 

b) The manual end APR load sequences ere now 
as follows1 Tension Tope1 Load Columns, 
Seurch forward lo loud point; If load point Is 
not found after u given time out period, 
rewind to load point; then piece unit onllne • 

• 

• 
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806-6667-lOOC 

TYPI 6667 HQUINCI CONTROL 

CIRCUIT DHCRIPTION 

This module contains circuitry for Implementing the 
following sequences: LOAD, when tape Is loaded lnto 
the column after the LOAD pushbutton Is pressed1 
UNLOAD, when tape ls rewound onto the supply reel 
after the REWIND pushbutton Is pressed 11t load 
point, and POWER OFF, when tape Is removed from 
the column and tensioned after power is turned off 
from the front panel POW ER pushbutton. In edditlon, 
the broken tape sensor detector circuitry (Q2 and 
related components), the rewind pushbutton control 
circuitry (IC 13, IC7 and releted components), the 
automatic load point search circuitry (IC3 pin 12, CB, 
R24) ere ell located on this board. 

Sequences ere controlled through the use of a low 
frequency clock (IC15) withe period of approximately 
0.5 second, end en eight-stage shift register (IC16, 
!Cl 7). When power Is first turned on, a power preset 
pulse (IC6 pin 4, Ql and related components) presets 
the shift register lo ell zeros, resets the load flip-flop 
(IC9 pin 6), end the unload flip-flop (IC9 pin 8). By 
the same token the load point search flip-flop (IC I 
pin 6) Is being set. 

Note that a broken tape sensor output or a loss of 
vacuum detected ofter loading will generate the same 
preset status mentioned above. Under these 
conditions no power Is applied to the vacuum blower 
motor end the high power transformer (for the 
servos). In uddltlon, a broken tape signal and an 
unload command ore sent to the control logic, end a 
sensor dseble and servo disable true signal ere sent to 
the servo preamplifier. 

l..OAD SEQUENCE 

When the LOAD pushbutton Is pressed aiter a low 
frequency clock ti me, the load flip-flop is set, 
enabling the shift register to shift 1 to the right. 
(The low frequency clock Is al~m the clock to the shift 
register.) The loud flip-flop also starts the vacuum 
motor through 11 com mond from SS I (capacitive 
slnrt). At stage I the LOAD light on the front panel 
is turned on und so Is the high power trnnsformer, 
generating '24v rectified (SS2). This deluy avoids a 
high surge or Bl' Input l'Urrent which could overloud 
the line. 

At stuge 2. the servo dlsuble to the servo 
preamplifier is set fulse, ullowing the power 
amplifiers of the reel end capstun servo to operate. 
At the sume tlrne, the l0!1d relay Is energized, 
connecting the reel motors to their respective 
amplifier und latching the uc power pushbutton. 
(Prior to this, the motors were being brnked.) 

At stage 7, sensor disable goes false. During the time 
from stage 2 through stage 6, the reels motors were 
operating on an open loop mode, tensioning the tape 
on Its threading path ·and allowing the vacuum lo 
reach Its nominal level. When the servo disable goes 
false, the tape Is fed Into each column through a 
measured "kick" (this circuit Is Implemented In the 
Type 6666 Servo Preamplifier) end the position servo 
mechanism of each column ls closed through its 
respective sensor. The tape Is now loaded. 

At stage 8, a load signal (with 11 false broken sensor 
signal) Is fed lo the control electronics, which In turn 
enables the capstan to run forward. If load point Is 
not found within 6 seconds (60 feel), the load point 
search flip-flop Is still set and IC 16 will force a 
rewind lo load point. At the same time, the vacuum 
switch Is enabled. 

POWER OPP SEQUENCE 

When power is turned off from the front panel, switch 
SI will close end reset the load flip-flop, enabling the 
shift register lo shift 0 lo the left, turning off the 
vacuum blower end Immediately setting SENSOR 
DISABLE true. The sequence Is now opposite to the 
load sequence. Up to stage 2 the tape Is being pulled 
out of the column end tensioned properly. Al the end 
of the sequence all power Is turned off (load relay 
false). 

UNLOAD SEQUENCE 

When the REWIND pushbutton ls pressed et load point 
and the tape Is standing still es detected by IC13, 
CR5, CR6, R20, R22 end R21, the unload flip-flop is 
set und the power off sequence Is Initiated (IC5, pin 
1-2). However, the power remains on el the end of the 
power off sequence and after tape hes been pulled out 
of the column, en UNLOAD/ true signal is sent to the 
6666 Ser·vo Preamplifier, disabling the tekeup servo 
and upplying voltage to the supply reel to unload the 
lupe. The unload sequence Is term ina led when end of 
tape I~ detected by the broken tape sensor, which 
results in Bk N true nt the sequence control. 

REMOTE UNLOAD 

Certain APR modified units permit remote unloading 
from the interface. UNLOAD/ true at pin 18 sets the 
UN LOA I> flip-flop (IC9-8, 12) resulting in UN LOAD/ 
lrUL' 11t output pin 11 . 
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TYPI 5711 IAMP OINllATOI 

CllCUIT DllCllPTION 

The ramp generator produces the proper rutalog slg-
11al l11puts to the cttpstrut servo system to control the 
direction !llld velocity of tape motlo11, The outputs 
are voltages that rise and fall llnearly at eontrolled 
rates to hlghly stable levels, These analog slgnals 
are controlled by dlgltal loglc outputs from the con
trol section, 

Two similar ramp generator clrcults are provided: 
one for normal speed o~eratlon and one for hlgh speed 
operation, 1C4 ls rut operational ampllfler ln the 
ltUN NORMAL SPEED circuit, The ampllfler output 
Is normally saturated in the negative direction, When 
Its positive input at pln 3 is high, the output saturates 
at +10 volts, This occurs when the RUN NORMAL 
input sets fiip-fiop IC7, · IC4 feeds FE Ts Q1, Q2 whlch 
are connected in a constant-current circuit, The 
magnitude of current now in the circuit ts controlled 
by R3 and R4, R3 controls current ln the posltlve
golng direction, or start ramp, whlle R4 controls 
the negattve-golng stop ramp. 

Since C1 Is charged by a constant current, lts volt
age rlses llnearly untll clamped by CR1 to' a value 
one dlode drop below +6 volts. The emltter of QU 
is connected to RUN FAST voltage through diode CR9, 
Since QU Is controlled by unregulated power supply 
voltage at pin W, It pulls down the +6 volt HUN FAST 
signal whenever the line voltage drops below lts 
rated level. ~3 ls an emltter follower whose output 
rlses to a value of +6 volts, slnce the emltter can 
rise one diode drop higher than the base, When the 
input from IC7 to IC4 drops, the voltage fed to Ql, 
Q2 goes to ~10 volts and Cl ls discharged linearly 
untll clamped by the base-collector diode of Q3, 
Blnce Q3 base goes one diode drop negative, and the 
emitter Is at zero, n posltlve-golng ramp has been 
generated. 

The ramp voltage output from Q3 ls fed to the FF:T 
sWltl'heA Q4 and Q5, If forward direction has been 
selC'l'ted, Q4 ls on nnd CJ5 Is off. Thl• ramp Is then 
nmpllfled by unity gain operational nmpllflcr lC'3, 
without Inversion, and appears as a positive-going 
rump ut test point A. If reverse Is Helected, <~ii Is 
on and Q.J Is off, The ramp Is then fed to the lnvl'rt
lng Input of IC3 nncl appears as a ncgatl ve-going ramp 
ut test point A, Forward/revl'rse Sl'll'ctlun Is l'un
trolled by Olp-flop IC'Ci and QU, <JlU, 

Hnmp umplltude und, thereron., tnpl' speed nrP eun
trollecl by normal epeecl l'ontrol I! 1-t and output Hum
ming resistor H15, The fnst forwnrd anu rl•verse 

ramps are produced by a slmllnr clrcult involving 
ampllflere IC1 and IC2. However, slnce rewind 
speed nnd ramp tlme. need not be precisely con
trolled, resistors are used instead of F ETs to charge 
and discharge C4 and produce 11n approximate o. 5 
sec rlee/fall tlme, CH9 and CIUO isolate the ramp 
output from any small offeete that may be present 
ln rc2. Rewind speed ts controlled by summlng re
elstor H16, Operational amplifier IC5 at zero ramp 
output has a slight bias produced by ll37 nnd R38, 
keeping lts output negative, When the ramp rlsee 
above the bias, IC6 switches to poettlve output, Indi
cating that the tape ls running. This output le used 
to gate off the Input clrcults through IClO and IC91 

Fllp-ttops IC7 and ICB may be reset by run normal 
or run fast inputs going false, but cannot be set agnln 
until the tape comes to a stop, Thls prevents damage 
from lllegal commands and reduces tlmlng require
ments. 

Resistor R44, capaclt:Or Clo, emitter follower Q11, 
and diode CR8 comprise a voltage tracking circuit 
for RUN FAST signal. The +lB vdc unregulated ref
erence voltage ls derived frdm power supply trans
former Tl, 

Type 5733 Ramp Generator Includes an additional 
fllp-nop, IC11-B, whose function ls to enable con
secutive HUN NORMAL commands to be received 
without requlrlng the tape to ramp down to a stop 
following each normal speed operation, Following a 
RUN FAST command, however, flip-flop IC11 ls set 
by tea, lnhlbitlng any RUN NORMAL commands until 
the tape comes to a stop, at which polnt IC9-6 clears 
l_Cll-9 1 and the O output at ICU-8 enables IC7-2, 

ADJl!STMENT PHOCEDUHE 

Start/stop time adjustment: 
a. Arrange Input signals to the tape trnnsport 

to Rtnrt and stop mal•hlne. Hute must be 
SUC'h us to nllow full ramp time. 

b. Adjust start rnmp (H3) for required time, 
observing with osclllosl'Ope at test point A, 

c, Ad.lust stop ramp (lt4 J for requl red time. 
Time Is meusured from maximum vults to 
zero volt, 

1-ipt•ed adjustment: 
a. l"slng n mastcrs1'cw tapP, drive the trans

port In a forwurd di reel Ion nt nornrnl speed, 
b. Observe data rate ut rpad 'lmpllflcrs and 

adjust H H for eorreet ti ming. 
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806-5719-lOOA 

TYPI 5719 llNIOI AMPLIPlll DllVll 

CllCUIT DllCllPTION 

This module responds to slg11nls from photoreslstlve 
cells which sense load point and end of tape reflective 
strips, and broken tape. In addition, this module 
contains the file protect circuitry, the write drives, 
and the erase head drives. 

BOT, EOT, ANO BKN SENSOR AMPLIFIERS 

The load point sensor amplifier and the end of tape 
sensor amplifier operate Interdependently to detect 
the load point and the end of tape markers, The ac
tive components In detecting EOT and load point are 
two operational amplifiers, IC6 and ICB, and two 
transistors, Ql and Q2, ln conjunction with associ
ated components, Transistors Ql and Q2 act as 
current sources1 potentiometer H16 ls used to adjust 
the translator base currents to equalize the voltage 
at the Inputs of ICB, the load point sensor amplifier, 
and ICB, the end of tape sensor amplifier, Resistors 
R18 1 R19, R20, and R21 are used to bias the atnpll
flers' Inputs when plain tape Is In front of the photo 
sensors, When either the load point marker or the 
end of tape tnarker Is detected, the resistance of the 
respective photo resistive cell Is lowered by approxi
mately 60 percent of Its unilluminated value, Each 
cell Is returned to + 10 volts, nnd a 30 percent change 
In Its resistance, causing a 30 percent change In the 
Input potential, will be sufficient to switch theoutput 
of the respec•lve operational amplifier. Heslstors 
H17 and H22 serve as feedback loops for noise pro
tection, Thus when load point Is detected, the 10nd 
point sensor output as Input pin Y of this module 
saturates !CB, causing Its output to go high, and Is 
Inverted twice by IC7 to generate LOAD POINT (LP) 
true nt output pin 19 to the Pushbutton Control mod
ule, The output of Inverter !C7-8 Is also supplied 
to an edge circuit which produces n 1 µsec pulse on 
the trailing edge of LP. This pulse Is output at pin 
8 to the Pushbutton Control modulP. Tlw !-:OT sensor 
amplifier operates In the same manner, gPneratlng 
a high output when the HJT marker Is dl'lectl•d, and 
supplying EOT true at output pin X to Lill' Pushbutton 
Control and Control Interface nwdull•s, 

BHOKEN TAPE signal !'rum the Sequl•nct• C'nntrol 
enters the board nt pin\\'. When BHOK EN TAP F ~ocs 

true, positive voltage turns on transistor Q3, The 
collector of the trlillslstor goes to ground, generating 
BKN true at output pin 18. When ~ ta high at 
Input pin U the output of IC4-8 Is low, This causes 
the collector of Q3 to be low through diode CH3 and 
the BKN output will be true at output pin 18, Also 
when power Is Initially turned on capacitor C9 wlll 
cause the BKN output to be high which presetR the 
LOAD flip-flop on the Interface Control module. 

FILE PROTECT cmcllli'S 

The file protect switch output Is supplied to this 
module at pin T. When a reel Is loaded without 
a write enable ring, the switch contact remains 
grounded. During the load sequence, DKN Is held 
true by the sequence control to facilitate certain 
operations and the tape must be reloaded to change 
the state of the file protect flip-flop (lC4-5), When 
BKN Is made false, the circuit looks at the state of 
the file protect contacts, FPT true at pin K of the 
pushbutton control makes WRt'!'E READY (WRDY) 
false, 

WntTE, ERASE DRIVES 

When the file protect switch Is grounded, It also 
turns off transistor Q7 1 In turn shutting off the cur
rent at the base of QB, This cuts off the write head 
and erase head drive currents supplied by transistor 
QH, In order for the write and erase drives to be 
turned on, the file protect switch must be opened 
IU!d WRITE READY must be true at input pin 2. 
This will activate NAND gate IC2-3 1 causing op amp 
IC3 to turn off transistor Q9, In turn enabling tran
sistor QB to turn on and supply the write and erase 
head drives al pins 22 and J. 

The zener diode Into the base of (F dclel'IA when 
power Is being dropped. This turns off C~7 early 
enough In the 1xiwer down sequence to turn on CJD :ind 
remove the head voltage supplied by qH, This a voids 
putting unwanted flux changes on tape durlnv; a power 
failure, 
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806-5655-0 l A-00 

TYPE 5655 TEST PANEL SWITCH 

CIRCUIT DESCRIPTION 

Located on the front of the tape transport, this 
module contains the Type 4865 Test Panel, Type 4568 
Cycler, and the Type 3864 LED Display Panel. The 
test panel switch is connected to the Pushbutton 
Control card, which contains most of the logic 
circuitry required to deliver appropriate commands to 
the ramp generator when the machine is off line and 
one of the test modes has been selected. (Refer to 
Model 9100 Tape Motion Control circuit description 
for a detailed explanation of this process.) Contin
uous forward and reverse tape motion circuitry for 
adjusting skew and aligning the tape path Is contained 
In the Type 4568 Cycler circuit board. 

CYCLER OPKRA'l10N 

When the CYCLE pushbutton ls pressed with the 
machine In test mode and at load point, the cycler 
generates alternating negative true TRVS and TRNN 
commands to the Pushbutton Control module. The 
tape will move forward and reverse continuously until 

the STOP pushbutton is pressed ur END OF TAPE is 
reached (Note: Tape will not move in reverse when 
positioned at LOAD POINT.) 

The basic operation of the cycler is as follows.:____!f 
the cycle switch Is not activated, the low true RVS 
and RNN signals from IC3 are "gated out" of the 
Pushbutton Control board via the Sl cycle switch. 
When the cycle switch is activated, the low freguency 
oscillator IC2-5 Is enabled and RVS and RNN are 
switched into the Pushbutton Control board. Forward 
tape motion is produced by the application of a RNN 
and ~ command, whereas reverse tape motion 
takes place when RNN and RVS commands are 
applied. The duty cycle of IC2-5 is approximate~ 
60% and is gated at IC3 so that 40% of the time RVS 
ls enabled, contributing to a net forward motion of 
tape in the cycle mode. I Cl, R4 and C3 act as a 
bidirectional edge detection circuit. ICl-8 triggers 
monostable IC2-9, which disables any RNN command 
during the ramp as required for proper operation. 
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806-6666-1 DOC 

MODIL 9100/9300 llRVO IYITIM 

CIRCUIT DllCRIPTION 

The Servo System <'onsists of the servo preamplifier 
circuits, the servo amplifier circuits and the braking 
circuits. There are separate servo preamp circuits 
for the reels and the capstan. Each reel servo 
preamplifier circuit is connected to its own servo 
amplifier circuit. The composite schematic of the 
servo system should be used along with the circuit 
description. 

TAl<EUP AND SUPPLY REEL SERVOS 

Both circuits nre identical; therefore we will 
concentrate on the supply reel servo, discussing 
control signals common to both reel servos as 
applicable. Each reel servo contains a sensor 
detector circuit, which converts the position of the 
tape loop Into de voltage, an operational amplifier for 
position servo control (IC18, Q6, Q7, QB, Q9), end the 
amplifier stages (four transistors each). 

Resistor RIO end the supply vacuum column sensor 
control the nominal output frequency of the sensor 
detector, IC21. (Refer to paragraph 4.11 of the 
maintenance section if adjustment of resistor RIO is 
required.) 

After the servo signal oscillation is rectified end 
integrated, it is fed to operational amplifier ICI 9. 
G11in adjustment pot R24 is set to adjust proper 
position of the tupe loop in the column when speed is 
125 ips forward und reverse. (Refer to paragraph 
4.11 of the maintenance section.) N type FET Q2 is 
the sensor dis•1ble control. SENSOR DISABLE true 
(high) signnl from the Sequence Control will turn off 
the FET, preventing the sensor signal from actuating 
the motors. Thus, when tape is not in the column or 
vacuum is lost, SENSOR DISABLE goes true to turn 
off the sign11I from the column sensor. During the 
POWER ON sequence, the Sequence Control 
generates SENSOR DISABLE true, opening the 
position servo loop and positioning the reels until the 
t11pe is properly tensioned in the vncuum columns. 

SERVO DIS:\HLE true from the sequencer will disable 
motor eurrcnt by reverse biasing reel servo control 
FET Q5. FET QI 5 und Q32 ure ulso reverse biased, 
opening the tukeup reel and capst11n servo loops. 

C11pncitors C2 11nd Cl 5 on the reel servos pl·1·fur111 11 
speciul fUrl('t1on. During disch11rgi11g. the e11p11<'itors 
will produce 11 forced sensor output equivnlent to tlw 
tnpe sitting at the open end of' the column. 

A signul from the <'llpstun lnehometer is fed into the 
reel servo system lo bins the null position of the tll(Jl' 
loop ns conditioned "Y the speed and dirPel ic:n of tupc 
movement. This h11s the cff'cl'I of optimiz111g the 
position of the tnpe in the c•olu11111. The si~wtl is 

11mplified nnd conditioned by IC4, 3, and 2 so that (a) 
there is no output when tepe is stonding still (b) there 
is an output proportionol to speed nnd direction 
during rump-up and ramp-down, and (c) there is o 
fixed voltage while running (IC4 saturated). 

BHAKING CIRCUIT BOARD 

For safety reasons (broken tape) it is desirable to 
place br11king tension on the lope after it has been 
threaded and secured to both reels. To accomplish 
this, two thyristors on the Braking Circuit board are 
connected to the motor windings when SER VO 
DISABLE is true. When the reels turn rapidly enough 
for the motor windings to generate more than 3 vac, 
the voltage at the gotes of both thyristors will exceed 
0.5 vac. The thyristors now short out, producing a 
counter EMF voltage through the motor windings and 
a 1 ohm resistor, for braking. 

When they ere turning slowly the reels will spin freely 
because the voltage produced by the motor windings 
is insufficient to turn on the thyristors. This removes 
all braking effect when the reels are loaded manually. 

CAPSTAN SERVO/CAPSTAN TACHOMETER 

During a RUN NORMAL operation, a RAMP INPUT 
signal from the ramp generator is combined with de 
feedback signal from the capstim tachometer · to 
produce an extremely stable capstan speed. The 
ramp input to the Capstan Servo Amplifier is summed 
with the tachometer output et the source of Q32. 
(The STANDARD TACH output at P4-9 becomes 
TACH input ,.,..., the Sequence Control.) Rl59 is the 
tachometer nming resistor, while the ramp 
summing resi<>tor Is located on the ramp generator. 
Any error voltage -- the difference voltnge produced 
oy summing romp generator and tachometer input 
signals -- is fed to operotional amplifier ICI. Output 
from IC 1 is appli~d to complementary drivers Q27, 
Q28, Q29 and Q30. These transistors drive the output 
nmplifiers stnge to develop n d<' voltuge· ncross the 
cnpstnn motor. The motor then increnses or rcduees 
speed to produce a tachometl'r output voltage equal 
to that produ<'cd hy the rnmp gcner11tor. 

Cup.tan nmplifier g11in is tll'tcrminecJ uy the neg11live 
feedbnck loop nround op<.>rntionul umplifier ICI. This 
consists of Rl43, Rl44, C31 and ZEHO adjustm~nt 
potentiometer Rl 39. If the cupstnn turns when the 
tupe is stopped, R 139 requires 11djust rnent. This 
proeedure is covered in pnrugrnph 4.14 of the 
mnintenunee section. 

FET Q32 eontrols p11ss11ge of the servo eontrol output 
to the c11pst11n op umps, drivers nnd 11mplifiers. This 



FET is controlled by SERVO DISABLE Input from 
Sequence Control. When the tnpe ls tensioned 
normally (I.e., with all sensors false), SERVO 
DISABLE false (low) Is npplied to pnp transistor Ql in 
the upper left hand corner of the schematic. It 
conducts, grounding the -1 Ov supply connected to its 
collector. The gate of FET Q32 is enabled and it 
passes any available error voltage to the capstnn 
servo drivers and amplifiers. 

When SERVO DISABLE true is generated by the 
Sequence Control, the -I 0 volt supply connected to 
the collector of Q 1 passes through diode CR 1, 
disabling FET Q32 to disable the capst1111 servo signal 
as well as capstan motor current. 

HIGH SPEED RELAY OUTPUT SIGNAL (P4-13) 

A sampling of capstan tachometer output is nmplified 
by operational amplifiers ICB and 7. When tape speed 
exceeds 150 ips in the fast forward or rewind mode, 
the output produced by these op amps becomes 
sufficient to make Q31 conductive. This grounds and 
closes high speed relay KB In the power supply which 

806-6666-200C 

is connected to P4-13 through the wire hnrncss. The 
reluy will chnnge the reference voltugc of the center 
taps of the high voltuge trnnsformer, ullowing the 
reel motors to smoothly nccelernte the tape to 300 
lps in either fust wind mode. 

SUPPLY VOLTAGE SWITCHINU 

In order to decrense . trunsistor power consumption 
and to lower their operating range, the supply voltage 
of the power trnnsistors for the reel servos is 
switched on and off, depending on the voltnge 
required to opernte the servos. Comparator !C's 22 
through 25 nre connected us a Schmidt! trigger to 
detect the motor voltnge and switch on and off 
transistors Q33, 34, 35 nnd 36. This, in turn, switches 
the supply path Dnrlington trnnsistors on end off, 
These transistors ere mounted on the heat sink. For 
example, the positive supply voltage for each servo is 
turned off when the motor voltnge for the 
corresponding servo reaches -6v. The positive supply 
voltage is turned on when motor voltage reaches -3v. 
A diode mounted in the hent sink assembly references 
the supply to ground when the supply path Darlington 
trnnsistor is turned off, 

----------------------------- -- -- -
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806-5728-100 

TYPI 1721 llAD PllAMPLIPlll 

CllCUIT DllCllPTION 

This module contains nine identical high gain ampli
fiers which amplify the input signal from the read 
head and supply it to the read amplifier cards, Each 
amplifier stage consists of two operational amplifiers 

with negative feedback loops, Overall gain of each 
amplifier stage IF .:ontrolled by Its variable poten
tiometer, R 7, It should be adjusted for 8 vdc (p- p) 
at the output, 
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806-6385-1008 

TYPI 6315 QUAD READ AMPLIFIER 

CIRCUIT DESCRIPTION 

This module eontuins four identieul reud nmplifiers 
which detect, filter and digitize both 800 epi NRZI 
und 1600 cpi PE reud du tu. Two of the boards ure 
employed in dual density transports to process the 
eight read datu channels. The read 11mplifier for 
ctmnnel P is located on the Du11I Density P Chunncl 
C'lipping PC board. The operation of re11d amplifier 
channel A is explained below; the other rcud 
11mplifiers operate identically. 

NRZI Operation 

Analog read data from the read preamplifier is input 
at pin E as SIG. Part of the signal is differenti11tcd 
by resistor R2 and capacitor Cl, then applied to the 
NRZI peak detectors ICl0-9 and ICl0-5. Part of the 
SIG input remains undifferentiated and is applied to 
the positive and negative clipper comparators at IC5-
9 and IC5-5. Note that the output of all these 
comparators will be positive, since negative signal 
excursions are inverted al the comparator inputs. 

The peak of the differentiated signal waveform 
exhibits a 90 degree chase advance with respect to 
the peak of the undifferentiated signal waveform al 
the clipper comparator outputs. This phase 
difference defines the length of the negative-going 
clock pulse applied to the NRZI read register, J-K 
flip-flop IC6. 

During positive signal excursions, IC 10-7 nnd IC I 0-12 
go high, causing IC15-8 to go low. To eliminate 
spurious noise pulses, cupacitor C6 delays the read 
sign11l. When tfie differentiated sign11l al IC'I0-9 
pusses the Ov rcferenC'e point, IC 15-8 goes high to 
eliminate spurious noise pulses. Cupacitor C6 deluys 
the signal slightly. Since this deluy is a function of 
l11pe speed, the value of C6 varies accordingly. (See 
table on schema tic.) 

The low output pulse from inverter IC" I !l-2 c•locks 
N R ZI Rend Register IC6. The Q output ut IC6-3 
goes high, cn11bling NANIJ gute IC! 11t pin 4. (NHZI 
sigr111I Rt ICl-5 input remuins true 11s long W• thr 
trunsport is ~l'lectect, the t11pc is p11st lo11ct purnt 1111<! 
BUSY is fltlse.) Thr low trt1P cf1g-itizpc: NH7.I rcml 
d11t11 is output to till' iriterflll'l' from p111 z. 

When the NHZI n·ud register is S<'l, it;. lJ,1 011tp11t guc•s 
low, cnusing u low true IJATA IN HECilSTEH/ p11lsl' to 
be output to tl1P lluul Density Control iJourd. :\fll•r 
1111 ttppropri11tc interv11I, 11 Hl'Sl•l Heud Hl'!{islt·r 
(HESETH/) pulse will be l'll•ur the NHZI HP11d 
Hegister, m11king IJAT1\ IN H Eli/ f11lse until the m·.~t 
NH7.I rc•11d cJutu bit is 11pplied to th<' HP11d Hl•gistl'l''s 
clod; input. 

RESETR ulso pulses true to cll'11r the NHZI Read 
Register when: LOAD POINT goes true, BUSY goes 
true, high density recording (PE mode) is selected, or 
the tupe transport is deselected. 

lnt•ident111ly, positive or negative N RZI excursions 
must exeeed their respective clipping thresholds nt 
ICl0-10 and ICI0-4. The purpose of the clipping 
levels is to eliminate spurious buscline noise pulses, 
requiring the unalog signal surplied from the reud 
preumplifier to exceed 11 certuin 11rnplitude before it 
is detected by the read amplifier stages. Different 
clipping levels are used during different modes 'of 
operation. The clipping level during a read only NRZI 
mode is 20 percent of the maximum peak-lo-peak 
signal. During a read-after-write operation the 
clipping levels are raised lo 33 percent of the 
m11ximum signal. During the inlerreeord gap the 
clipping levels are raised 7 percent higher than their 
values during the data block to reduce the probability 
of detecting random noise. When an error is detected 
in a rend only mode and the trunsport is commanded 
to buekspace over the erroneous block and reread It, 
the clipping levels are switched automatically to 
maximize the recoverability of marginally recorded 
data. First, the clipping levels are lowered to 
recover possible partial dropouts, and if the error is 
still detected the clipping levels ure raised to 
eliminate possible high baseline noise spikes. 

PE Operution 

When High Density Stutus (HOS) true is output from 
the eontroller, PE true is gencr11ted on the Dual 
Density Control bo11rd and input or1 the Q1111d Re11d 
Amplifier 11t pin L. NRZI signal goes fHlse, disabling 
the Q output of NRZI re11d register IC6 11t NANO gale 
ICl-5. 

To conform to the PE format, only positive PE reud 
dutu exeursions will be pc11k 11nd threshold dcll't'led 
during 11 PE rend forwurd oper:tl ion. To 11t•t•ornplish 
thi-;, AND g11tes ICl5-9 is disnbll'd by low o;ignnl from 
NOH g11tP )('21-1 to dis11ble ncg11tivc sign11I 
p1·ol'l!"~ing. Simult11neo11sly. IC I !"1-2 is enabll'd to p11ss 
ur1~ positiV<'-going PE rc·ud cl11t11. l>11ri11g 11 rt"icl 
rcVl'l'Sl' J> E oper11 lion, PE H VS goes t ml', en11bl Ill!{ 1111' 
11q~11llve transit ion processing gnll•s 11nd dis11bl ing t11e 
pos1 ti Vl' ones. 

Not,. thut the PE signal pnth lo th" fl..\'J',\ 011111 11: now 
p1t~·'•''" lhro11gh NAND gull' l<'t-:1. This 1~1tll• is 
t•r111t>ll'd 11 t pin I bec1111se invert Pr IC' I !1-2 ;~or·'i high 
d11rin!{ e1H'h PE reud d11t11 truno;iti,111. 
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~oti-·l:Hi5-1UO 

TYPI 4365 DUAL DINSITY CONTROL 

CIRCUIT DISCRIPTION 

This module performs tht• following control funl'llons: 

a. Genl'l'ates the read cloek, suppltes the HFAIJ 
HEGISTEH BESET signal to tht• NHZl data 
registers, nnd detects t•xcesslvc skew 

b, Detects the intPrreeord ~ap 

c, Provides the Interlocks required for the dt•n
slty sekctlon 

d. Supplies the reference frequencit•s fo1• tlw 
write test 

These operations are described below. 

HEAD CLOCK, lffGISTEH HESET, AND SKEW 
DETECT NETWOH!\ 

The read dock and Its related functions arl' per
formed as a funC"tlon of a crystal ~eneratcd master 
clock. The clock Is produeed by a master osclllntor 
consisting of crystal \'l, tl'ansistors Ql and Q2, and 
capacitor C4, com1ected in a feedback loop, The 
output clock of till' oscillator is a square wave with 
a frequency equivalent to !H times the 800 cpl data 
rate, (The maste1· frequenc~· is divided b~· two in 
tl'an8ports with running speeds slowt•r than 25 ips, 
by rnnnecting flip-flop IC:lli In the nc•twork. l The 
master clock is supplied Lo a skew counter consist
ing uf two divide-by-Hi countt'l'H, ICl·I and ll'l 7, in 
tandem, The countrr is prc•sl'l to one of thrt'l' l·otints, 
depending on the mode of operation, and tlwn counts 
up to Its maximum count. Durin~ a read mode the 
skt•\\' count is 2!.l, or approximatl'l~· ·15 pert•t•nt of the 
l'haractcr time, llurinj.\ a n·ad-aftt•r-writl' mode• 
the skt•\\' count is n•dt1cl'd to 21 rli\· WHITI·: l{F,.\IJ\' 
activalin!-1' N:\Nll 14att• [(';)-1i1, ur approxilllatl'ir :1:1 
pt•rl't•nt of till' dwral"lC'I', and during till' l'l':tti t l'st 
lllodl' the l'LJllt is l'cdUl't•d to~. 111· approxi111atl·h· 1:1 
jll'l'l't•nt of tht· vha1·al'tv1· spal'l', Till' skt·11 gal« is 
shortl'nL·d rlut·lng the read ll•st 111od1• tu 1•11alill' ai'l'll
l'ntt• aliJ.,!;nllll'llt of tht• l'l'ad iwad with t'l'Si't'l't to tlw 
tap1• path using an -,011 l'pi skl'w111asll'l' tapl'. 

\\'lwn liH' li·ading l'i1:?nnl'l rll'lt•L·ts dat:1 1! "lll'Piii·s 
ll:\T:\ IN l!l·:t;ISTI<H tru1• al input pin II, sl'lti11g th1• 
IJ input of t1ip-flop l<'Iri high. Thi' ,;u1·t·1•1•ding 111:1,lt·r 
dol'k pulse· docks IC'lli to th1· SL'l stal1", 1!1<· lJ 1111iplll 
J.,!;oing hiJ,\h lo c·nahll' lh1• skt•\\' t·ounll'l' !11 t·11u111. \\'lu·n 
the· l'illllltt•r l'l'ad1t•s its 111axi:11t1111 l'11unt, lhl' t":\111! Y 

uutput or IC.'1-! goes high and sets lhl• I> Input of the 
first IC!J flip-flop high, The next master clock pulse 
ducks the flip-flop to the set state, anti ltH CJ uutput 
goPH high to generate the read clol'k pulse through 
NANI> gate 1('5-3 (since the• 'Q output of the third IC'!J 
flip-flop Is still high), The duration of the rt•ad elock 
Is l'C[Ulvnlent to two master dock Intervals; the third 
master duck tuggles [('9-15 lo the set state, Its Q 
output gulng low to terminate the output H EA I> CLOCK 
pulse. The fuurth clock pulse following the complc>
tton of the skew count toggles IC9-7 to the set state, 
Its Q output going high to supply a H ESFT H EAIJ 
HEGISTEH HESETH pulse, RESFTH dc>nrs the NHZl 
data register portions of the read amplifier stages, 
setting the DATA IN HEGISTER signals of nil nine 
n•ad amplifier stages false. HESETR Is also gen
l'rtltt•d when signal C goes low. This occurs when 
any onl' of the following conditions is true: the trans
port Is deselected (SLTl going false), Dl'SY goes 
true, LOAD POINT goes true, or HIGH DENSITY Is 
selected. Any of these conditions would clear the 
NHZl read registers • 

Tht• fourth dock pulse fullowlng the skew eount com
pletion also sets the input of D type flip-flop IC'll 
high, On the fifth pulse that flip-flop ts toggled to 
the sl'I stall', its Q output going low to enable one
shot ll'l2 at pin !J, If onl' of tlw c·hanm•ls dett•t·Ls an 
additional chnrneter at this time Its DATA IN HEG 
goes true again, is invc>rted by 1<:1-ri and triggers 
the skew one-shot IC12 at pin 10, Tlw Q output of 
tlwone-shot supplies a pulsL' throu!{h Inverter IC2-fl 
that is used to illuminate the tPst panel skc>w indil'atur, 

CAP IWTEl'TION !':FTWOHK 

A 12-l'haral'ter ciela~· is provldl'd bt•t\l'l't'n till' last 
l'h:tral'tl'l' of till• blol'k and tlw (i:\ I' DFTFCT indit'a
ti11n, TIH' j.\ap dl'l<'l'lion is IH'l'f'11r1111•d hy a nl'lwork 
inl'!uding !lip-flop ll'l 1, dividl'-IJ1-l!i l'ounll'r ll'J:I, 
anrl NA!\'IJ gall' IC'7-:I, l>urlnj.\ tlw rl:tta l1l1wk l>ATA 
I:'\ HVt;ISTFH ta win•-UH'ci siµ;nal supplil'd lr<>111 till' 
ni111• l'l'ad ampiiri<•I' sta14l'SI l'l'lliains tn11·; il i" in
n·rll·d Lll'il'l' lir IC'l-li, 1('7-•::?nd kl·i•ps l'llllllll'I' 1c·1:i 
l'i1·arl'il until till' l'llll ol till' data lilol'i.. 1·r>ll11winj.\ 
thl' !:1st L"har:i1·tl'r in tht• lilol'k 11,.\'L\ !:'\ H ):c; g11t•s 
high and li11· dil'l'l'l-l'il'al' is n•111111·l'rl fr11111 I<" 1:;, .\t 
this lillll' till' t,i 1n1tput of 1'11p-i'lup IC'l 1 is lligh, till' 
llip-fl<>p hadng h<•t•n 1·l111·kpd 111 th1· d1·:1r s!:11t• wlll'n 
Tl.-\T.\ I!\' HF<; first \\'<•nt lru1• al till' l1l'µ;inninl!, of th<· 
hl111·i,, t'11u1111·1· ll'J:t is th1•11 l'11n•kt•d hi' rt, an "llill 



cpl data ratl' l'iol'k t>upplll•d fl'um tlw l'lul·k dl\'ldlng 
nl'lwurk inducllng I l'l :i and ll' l K, Twl'in• l'iol'k l'ullnlti 
Into thP gap ll'l:l lll'tl\'atl'H :\AND gall' ll'7-:1; till' 
uutput uf tht• gatt• gut•s low and dll'l•1·t-~wts l1l1>-fh1p 
ll'l 1, the Q uutpul uf ll'll gulng low lo lul'I\ till' l'uun
ter while lht• lJ output got•s high and suppllt•s ll:\i' 
IJETECTtrul'atoutputplnK. l;;\P l>FTFCT rt•11111llrn 
true until Pltht•r tht• beginning uf lht• lll'Xl blul'k or 
until the transport Is desell'l'led (SE L :\going faiHl'I • 

DENSITY SELEl'T l'IHC'l'ITS 

The NHZl 800 cpl modl• is selt•l'tl'cl eillw1· wlll'n tht• 
trllllsport Is selected and on lint• (SLTl truP, al'li
vatlng OH gale ll'19-:1) or when lhl• transport is ln 
the lest mode (Tl\l true at Input pin l'), prnvided that 
LOAD POINT ts false and that lllGll DENSITY SE
LECTED Is also false, If these t•onLlitlons arc satis
fied then NANIJ gate IC:J-8 Is activated, suppl.\·lng 
NHZl true at output pin 1\1 to cnabh> till' NHZl pu1·
tlons or the data elel'tl'Ollil'S, 

The high density Is selel'ted whenevl'r tlw intt•rfnl'l' 
supplies HIGH DENSITY SELECT !IDS trut• al Input 
pin A or this card, the transport is st•lel'ted and on 
llne (SL Tl true), an~ not In the ll'Sl mode (TJ\I fulse1. 
When these ·~ondltlons are satisfied :\ANDgate ll'u-:l 
Is activated, supplying lllGll DENSITY true lllJENS 

:-;01i-1:11i:i-:wo 

al pln Y and TiTif tl'Ul' at pln II. If ln addll lon lo till' • 
aho\'t• 1·ondltions thl• TIRY and thl• LllAll POINT 
HtatUS lilll'H 111'1' IJoth r:dSI', .-\:-,:[) j..\:ltt• l('l!l-H is lll'li-
\';tll'd, suppl~·lnj..\ 1'11.\SF l,.Nl'llflFI> PE ll'Ul' at output 
pin .J lo enabk thL· phasl' l'lll'Odl'd portions uf lht• data 
l'h'l'll'onit'S, 

\\'IU'IT 'J'FST Fl!HJn::-o;t'll-:s 

'l'hl' rdt•l'l'lll'l' l'n•qul'llt'il's T:\IXI and 'DIX:! al'l' '<00 
l'pi data rail' squal'l' Wal'1·s, 1-,odt•l-\l'l't's<>ut11fphase, 
ust•d to altl0l'nall'l.\· Hl'l and rt•sl'l tlw writP a111plifipr 
flip-llops lo ~l'lll'l'alt• till' :\HZ I \l'l'itl' tl'st 111rnll• all- I 
pattt•1·n. 

Tlwst• frl'quenelt•s al'L' l~l'nL•ralt•d IJ,r tin· di\·id1•r nl'l
wurk lnl'ludin~ lC15and ll'l~ l'ountl'rs, which dlvidt•s 
tht• master usl'lllator fn•qtll'lll'\' lnto the data ratt• 
l'iol'k Ct, ('( IH then gated through twu IC'fi N:\NIJ 
gates, with the lJ<' output of ll'l5 ust•d lo lll\'l'l'l thl' 
phaHl' or one frl•ljUl'lll'.\' With l'l'SJlt•<:I to till.' otlwr, 
Thl' two lt'SI l'rt•qucnl'it•s an• lht•n ~att•d throu~h thl' 
IC·I :-.:AND~atl's when the wrltl' ll'sl muc.ll' is st•ll•etl'd, 
indlcatl'd by both 'DI and WHITE l!EAllY bt·ing tl'Ul'. 
Tht• twu frequencies an• tlll'n output al pins F anLI E 
ns T:'llXl and T:\IX2 and al'l' suppllt•d tu till' wrttP 
amplifier l'ardH, • 

• 
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806-5771-lOOA 

TYPI 5771 SIVIN-TRACK DILAY TIMING MODULI 

CIRCUIT DHCRIPTION 

This module performs the following control functions: 

a. Generates the read clock, AHpplies read 
register reset signal to the NH Z l data regis

ters and detects excess! ve skew. 

b, Detects the lnterrecord gap. 

c. Supplies the reference frequencies for the 
write test. 

d. Selects one of the two available densities. 

READ SKEW, REGISTER HESET AND SKEW DE
TECT NETWORK 

The read clock and Its related functions arc per

formed by the crystal generated master clock. The 
clock Is produced by a master oscillator consisting 
of crystal Y1 end IC20 The output of the oscillator 
Is a 25.6 kHz squerewave. Signal Fl, the master 
clock output, is Inverted at ICl 2-3 and supplied to 
IC14, which is a divide-by-16 skew counter. This 
counter Is preset to one of three counts (depending on 
the mode of operation), end then rounts to its 
maximum count. During a read operation, the skew 
count is 15, or upproximately 45% of the character 
time. During a read after write operation, the skew 
count is reduced to 11 (through loud input C of IC 14) 
or approximately 34% of the l'trnructer time. During 
a read test the count is reduced to 4, or approx
imately 13% of the character time. The skew gnt<' is 
shortened during the ~ead tPst mode in order to 
enable accurate alignment of the rend heed with 
respect to the tape path. 

When thl' ll'ading ,·hannd dl'lvdF cl:1ta, it ,-;1:11plit>1> 

DATA !NITI·:c; true to i11put 11in ll, :-il'illllh 11lc· 11 1111111t 
at flip-flop !L'l0-12 high. N1·xt, a 111asll'r t·J,,d. J·•""" 
from fl cloC'ks 1('111 to thv sl'l stat<•, and thl· t~ouf!•llt 
goes high to l'nabll'!ikew cou11l1·r ICl·I, Wtwn lh1• ~1.1·w 
counter rt·aehL•s ils maximum eount, llw earn tJllt 
(C/U) output of !Cl-I ~Ul'S high and Sl'IS ihl· I) 1111n1: :1t 
flip-flop IC15-12 hil{h. T'll' nexl mastL•r l'lul'i, i'••ls1· 
cloeks IC15-ll LCt tile Sl't ;,UJ11! mid its l~ output '.!;1><··; 
high lo generate tht· n•ad 1·lock puls1· th r ti1;:h :, \ ~;1 l 
gate IC!l-3, The nPxl 111.istt r l'i1a I 1 11iJ .. ,· n·' »ts 
IC15-'.J, sinl'e 1Cl4 lwd brpn pr1·l·1;t.1,..1 111 lhl' 111 l'·· 
vlous ,,talt'. Th•· duralil 111 I 11.t· r,,,,: ··111.-k i .. :Ji,·r«·
forc l!4L11valt,nt tu uni• 11iaslt•r l'io;-L inll'l'\'al t 1 ::·~·nd 

1 
of speed K density), The third master clock pulse 
clocks IC15, pin 5 to the set state to supply reset 
read register true to the data registers of the read 
amplifier stages. This clears the data registers, 
setting the DATA IN HEG signals of all nine read 
amplifiers false, RESET H is also generated when 
Ttt'"sy is true. The fourth dock pulse sets the Q out
put of ICHi-D. If data in register signal is sttll true 
at this lime (inuicating bad skew), one shot !Cl 9 fires 
and illuminates the skl'W indicator on the front panel 
for a flxed lime delay. 

C!AP IJFTECTIUN NETWOHK 

A 12 chamctC'r delay is provided between the last 
charaeter of thl' block and the gap detect indication, 
Gap dl'tet"tion is performed by a network which in
t'lurks flip-flop tcl 1J and eountcr ICU, During the 
data block, T>~\TA IN HH; ta wire or'd signal sup
plit!d f!'om seven of Lh<' read antpliiier stages) re
mains true; it is inw~rt1·rl twice by IC!:l-li and IC13-ll 
to keepl'uuntC'l' ICll l'll•..Jrl'rl until the end of the data 
bluek. Ft.flowing th1· last diaract<'r In tht> block, 
DATA !~ HFl; got•s false thigh) and thl' direct clear 
ii:l 1·1·muved frum ICll. At this time the Q output of 
flip-flop (! '1 o is high, si net• it was l'locked to the 
el!'ar ,.:tall' whvn l>ATA IN HF<; first Wl'nt true at the 
UL!g;im1i11g of Lhl' block. !'ounlt•r !Cl l is thC'n elockl'd 
by a clock frequpney l'(juivalt•nt tL• the data rate at the 
Sl'l1·l'l!'·: d<•no.;ily, ,\t 1·uunt 12, IC12-ll goes low, 
di l'l't 'l set Ii 11g 11 ! ll-:i and lucking tlw count Pr, l C 10-5 
outpul s llH· J.!.'HJl dl'l<'l'l 1c;A P DET) signal, which is 
gatl'd with LP, SI.Tl and Bl'S\', l;AP IWT remains 

true until the he1-";inni11µ; of llw nl'Xl block or until the 
iranspurl is no 1'll1f,!;l'l' :d1·l'i••d, 

IJl·:NS!TY SFI.H"I' C'll<l 'l ITS 

1\ dual d1·nsttv machint• is 1·1:111'1' :!.110 1 :i~>li cpi or 
.-,.;1: 1 ·•1111 l'lii, S1•,:1..t1:ilil" 111it·r1·,_;w;:, h 1·ontac!H Sl-S4 
oil'" :i:· •·I l•• ""·! .. ,., 1•1tll<'r rlt·11,;it1· Fair. They arl' 
L1 1,1•·v sl'I f"r \i,i• ii• .::;ill c1p1ion d10,.;<·n. J{l'lPr Lo 
lh• :i7i 1 ·Tli'.'l11otii: 1:1111" l•·I' 1111' <'ll!Tt·1·t swill'h 

\\'•1"1111·:illl •pii• 1, llw hiµ;hor low dl·nsit.vdol'k fn•
q1H11· 1 i.-; ~,.Jh"•·rl ;,,.tin· o.;talt.•ot lht• llllS input from 
11: .1.·1 rl:11 '" lillS!1'11t• will wlL·l·t tli..J1i~hl'rd1:nsily; 
iii .; i;d .. ;p ,,, ilTI;-; !hl' '""'Tr d, nsitv. Wlll'n It us is 
11·1ol·, lllJI ln1 .. v.ill 1,,.,, ·,,.·111rl t" tlw illll'rf:1.l'l', pro

vidL'<l Iii" lr:1mq111r1 i» il'ln ll'd, 11ut at load p11int and 



not busy, The HOS LEDwillalsobe lllumlnated, The 
proper master clock frequency ls automatically se
lected by lCl-B, lCl-6, lC2-6 and 1C2-.l~. 

WRITE TEST FREQUENCIES 

The reference frequencies TMXl and TMX2 are re
verse phased BOO cpl data rate squarewaves. These 
frequencies alternately set and reset t:u. write amp
lifier flip-flops to generate an all-1 t.}st pattern for 

B06-G771-02-00 

NRZl write testing. TMXl and TMX2 are generated 
by a divider networkconslstlngof IC4 and lC7, This 
network di vi des master oscillator frequency fl to 
produce data rate clock fr. Clock fr Is then gated 
with the QDoutput of IC7. This makes TMXl 180 de
grees out of phase wl th respect to TMX2, TMX 1 and 
TMX2 are then buffered and gated through lC3. The 
TMXl and TMX2 reference frequencies will only be 
output when the write 'test mode Is selected (WRDY 
true and TM true), 

• 

• 

• 
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806-6367-1 OOA 

TYPI 6361' DUAL P CHANNIL /CLIPPING PC IOARD 

CIRCUIT DHCllPTION 

This module contains the read amplifier stage for 
channel P as well as the automatic clipping level 
switching control. The operation of the reed 
umplifier stage Is identical to that of the reed 
amplifier stages located on the 6385 Dual Uensity 
Quad Re,;d Amplifier, and as described in the circuit 
descrir,tion of that card. The generation of the 
clipping levels end their switching control is 
explainPd bel0w. 

The purpose of the clipping levels is to eliminute 
spurious bas~line noise pulses, requiring the analog 
signal supplied from the read preamplifier to exceed 
a certain amplitude before it is detected by the read 
amplifier stages. Different clipping levels are used 
during difft.:rent modes of operation. The lowest 
clipping threshold occurs during read only N RZI 
mode. This level is increased during read after write 
operations. During the gup the clipping levels are 
raised even higher to reduce the probability of 
detecting random noise. When an error is detected in 
a read only mode and the transport is commanded to 
backspace over the erroneous block and reread it, the 
clipping levels are switched automatically to 
maximize the recoverability of marginally recorded 
data. First the clipping levels are lowered to recover 
possible partial dropouts, and if the error is st Ill 
detected the clipping levels ere raised to elim inete 
possible high baseline noise spikes. 

The main component used in producing the clipping 
level voltages Is operational amplifier IC 17. The 
output of ICI/ is used us the negative clipping level, 
11nd is supplied to the P channel read amplifier stage 
on this card and to the reud amplifier stages of the 
other channels through output pin R. Operational 
ll mpli l'ier IC 18 invl'rts the output of IC 13, supplying 
the positive clipping level. 

During the N HZI Jll'Jdc FET Q2 is turned off by Phase 
Enl'oded (PE) false. ..\~ a result, resistors Hl4 and 
HI !i ure included 111 the negutive feedbaC'k loop of 
opPrutionnl umplil'icr ICI i. Tl1c • IOv routed through 
resistor HI I provides the minimum input volt11ge to 
ICI 7, producing un output clipping level of 
upµrox1111ntC'ly 0.4 volt. Other voltagl•s are added to 
the input ol' IC 17 through H 16, IU 7, or R 18, 
mcreusing tlw c•lipping level's umplitude HS required 
by thc> purtic•ulur mock of operution. Thus, during 11 

re11d only operution, the volt11gc· through HI i is 
co111b1ned with H 11 's voltage. 

During 11 reud 11f'ter write' mode, WHl>Y true ut input 
pin J direct-sets flip-flop IC 16-4. The Q output of 

IC12 then goes high to add the voltage through Rl8 to 
that used during the reed mode. This increases the 
read-after-write clipping level. 

During the NRZI gap, GAP DET true at input pin F 
supplied from the Dual Density Control module is 
inverted by IC4-6 to activate NANO gate IC!l-8, 
which adds the voltage through Rl6 to that used 
during the read only mode. 

Uuring a phase encoded operation, PE/ true (supplied 
at pin L from the Dual Density Control module) turns 
FET QI on, in effect bypassing Rl7 in the feedback 
loop of operational amplifier ICl7. This reduces the 
output levels during PE. 

The automatic clipping level switching is provided by 
the network including flip-flops IC7, IC16, exclusive -
OR gate IC12 and associated circuitry. The circuit is 
used as e direction reversal indicator, the Q output of 
IC7-5 going high whenever the direction of motion is 
switched from reverse to forward or forward to 
reverse. Whenever two RUN NORMAL (RNN/) 
commands are given in the same direction, the Q 
output of IC7-5 goes low. The two J-K flip-flops of 
IC16 are connected as a divide-by-three counter, to 
count the number of direction reversals. If an error 
is detected during the read mode and the transport 
backspaces over the erroneous block, the Q output of 
IC7-5 goes high, setting the J-K input of IC16-ll 
high. During the second reread of the block, IC 16-9 
is toggled to the set state by a pulse formed on the 
leading edge of the RUN NORMAL (RNN/) command. 
The Q output of IC16-9 high is inverted et IC13-4, 
grounding resistor R 17. This reduces the clipping 
levels during the second reread of the block. If an 
error is still detected, counter IC16 moves to the 
count of 2, with the Q output of the second IC16 flip
flop going high and that of the first going low. As a 
result, the voltages through R 17 and R 18 ere added to 
the clipping levels, to increase the clipping threshold. 
During the next reread the voltage thr·ough RI 7 would 
be removed, further reducing the l'lipping level. The 
cycle would be repeu ted on the subsequent reread 
attempt. 

The 11utomatic switching is disubled if ti1e trunsport 
interfucc supplies CLIPPINU LEVEL DEFEAT (RTH/) 
trul• nt input pin N, provided that the trun~port is 
selected. This would uctivute NAND gute 1\1-12, to 
clc11r the IC7 flip-flops und direct set ll'16-4. BUSY 
(BSY /) true or WRITE REAIW (WRIJY) true would 
have the sume effel'l. 
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806-4366-lOOA 

DUAL DINllTY Wll11 llCTION 

CllCUIT DllCllPTION 

This ls a composite schematic of the Type 4366A 
Four Channel Write Amplifier and the Type 4368A 
Five Channel Write Amplifier, Write channels P, 
O, 1, and 2 are processed by the Type 4366A Write 
Amplifier, while write channels 3-7 are processed 
by the Type 4368A Write Amplifier. 

WRITE AMPLIFIER OPERATION 

Each write amplifier stage consists of two OR gates, 
an input buffer flip-flop, a delay counter, and a pair 
of drivers. The operation of the write channel P 
amplifier stage ls explained; the other stages operate 
similarly. 

Write data channel P elgnd from the transport inter
face le inverted and supplied to the J input of input 
buffer flip-flop IC8, as well as one input of OR gate 
IC7. Write data ls processed differently, depending 
on whether the tape transport is operating in the PE 
mode or the NRZl mode • 

In the NRZl mode, NRZl high from the Dual Density 
Control module is inverted and supplied to one input 
of OR gate IC7. During NRZl high, this gate will 
paes the NRZl data without inverting it, Each time 
the input NRZl data goes low, both the J and K inputs 
of the input buffer flip-flop are set high. The WRITE 
DATA STROBE (WDS) from the interface now toggles 
the input buffer flip-flop to the opposite state. Thus 
for each 1 input, a polarity transition is recorded on 
tape. When the input data it1 high, containing a logic 
O, the J and K inputs of the buffer flip-flop are eet 
low. Thus the flip-flop does not change states when 
clocked by the WRITE DATA STROBE. 

In the PE mode, NRZl false is inverted, causing 
OR gate IC7 to become an inverter. Now the input 
buffer flip-flop stores the Input logic states whenever 
clocked by the phase encoded 3200 fcl WRITE DATA 
STROBE. In the PE mode the data lines are already 
encoded ln the formatter, 

'l'he input buffer Olp-flop will store the data until 
the delay counter of the respective stage reaches its 
maximum count, The delay counter of each stage 
digitally deskews the write data, using channel P as 
a fixed reference, Although the delay counter of 
channel P is permanently preset to the count of 8, 

. the counters of write data channels 0-7 can be preset 
to any count, using switches to either ground or open 

their parallel inputs. These delay counters are 
clocked by a reference frequency (Cx) at approxi
mately 80 times the BOO cpl data rate, 40 times the 
1600 cpl data rate, or 20 times the fcl rate, Gener
ated by an osclllator circuit, this clock advances 
each delay counter from the preset count until it 
reaches the maximum count of 16. At this point the 
Qd output of the delay counter Will clock the respectl ve 
output register flip-flop, This transfers data from 
the input buffer to the output of the amplifier stage, 

. where a pair of drivers energizes the respective 
head winding. 

Write data deskewing le performed by manually ad
justing the switches of one channel at a time until 
the output of that channel, ae displayed on an oscillo
scope connected to the Read Preamplifier module, 
coincides with channel P, The write deskewing com
pensates for the physical displacement of the channels 
with respect to each other on the write head. The 
write deskewing procedure does not correct for the 
misalignment of the head with respect to the tape 
path. The delay counter switches are preset in the 
factory and normally their positions should not be 
changed unless the write head has to be replaced, In 
that case the new factory supplied head is provided 
with a tag showing the new delay counter switch posi
tions, as required to compensate for the new head's 
characteristics. Should readjustment become nec
essary, follow the write deskewing procedure outlined 
In the maintenance section of this manual, 

WRITE TEST MODE 

When tl'i'1 transport is ln the write test mode, input 
frequencies TMXl and TMX2 from the Dual Density 
Control module alternately set and reset the input 
data buffer flip-flops of each write ampllfier stage, 
generating the required NRZl all-1 test pattern on 
the tape. TMX2 tn1e pulse also fires one-shot IC5, 
This disables WRITE AMPLIFIER RESET (WARS) 
from the interface, permitting the tape to be written 
on during the test mode without disconnecting the 
Model 9100 from the interface. 

TYPE 4368A AMPLIFIER OPEHATION 

The operation of these write ampliflers ts Identical 
to that of the Type 4366A Four Channel Write Ampli
fier module described above, 
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llOli-9100-1-00 

DUAL DINllTY WllTI llCTION 

CllCUIT DllCllPTION 

This Is a composite schematic of the Type 5366 
Four Channel Write Amplifier and the Type' 5368 
Five Channel Write Amplifier. Write channels P, 
0 • 1, and 2 are processed by the Type 5366 Write 
Amplifier, while write channels 3-7 are processed 
by the TypP 5368 Write Amplifier, 

WRITE AMPLIFIER OPERATION 

Each write amplifier stage consists of two OH gates, 
an input buffer flip-flop, a delay counter, and a pair 
of drivers. The operation of the write channel P 
amplifier stage la explained; the other stages operate 
similarly. 

Write data channel P signal from the transport Inter
face is inverted and supplied to the J Input of Input 
buffer flip-flop ICB, as well as one Input of OR gate 
IC7, Write data ls processed differently• depending 
on whether the tape transport la operating In the PE 
mode or the NHZl mode. 

In the NHZl mode, NRZl high from the Dual Density 
Control module Is Inverted and supplied to one Input 
of OH gate IC7, During NRZl high, this gate will 
pass the NRZl data without inverting It, Each time 
the input NRZ 1 data goes low• both the J and K inputs 
of the Input buffer flip-flop arc set high. The WRITE 
DATA STROBE (WDS) from the interface now toggles 
the input buffer flip-flop to the opposite state, Thus 
for each 1 input, a polarity transition is recorded on 
tape. When the Input data ls high, containing a logic 
O, the J and K inputs of the buffer flip-flop are set 
low,· Thus the flip-flop does not change states when 
docked by the WRITE DATA STROBE. 

ln the PE mode, NHZl false is inverted, causing 
OH gale IC7 to become an inverter. Now the input 
buffer Oip-fiup stores the input logic states whenever 
clocked by the phase encoded :.1200 fcl WRITE DATA 
STHOBE. In the PE mode the data lines are already 
encoded in the formatter, 

Thl' Input buffer flip-flop will store the data until 
the delay counter of the respect! ve stage reaches its 
maximum count, The dday counter of each stage 
digitally deskews the write data, using channel Pas 
a fixed reference. Although the delay counter of 
channel P is permanently preset lo the count of 8, 
the eounlers of write data ehannels 0-7 can be preset 
lo any eount, using switches to either ground or open · 

their parallel Inputs, These delay counters are 
clocked by a reference frequency (Cx) at approxi
mately 80 ti mes the 800 cpl data rate, 40 times the 
1600 cpl data rate, or 20 times the fcl rate, Gener
ated by an oscillator circuit, this clock advances 
each delay counter from the preset count until It 
reaches the maxi mum count of 16. At this point the 
Qd output of the delay counter will clock the respect! ve 
output register flip-flop, This transfers d::.tn from 
the Input buffer to the output of the amplifier stage, 
where a pair of drivers energizes the respective 
head winding. 

Write data deskewing le performed by manually ad
justing the switches of one channel at a time until 
the output of that channel, as displayed on an oscillo
scope connected to the Read Preamplifier module, 
coincides with channel P, The write deskewing com
pensates for the physical displacement of the channels 
with respect to each other on the write head, The 
write deskewing procedure does not correct for the 
misalignment of the head with respect to the tape 
path. The delay counter switches are preset in the 
factory and normally their positions should not be 
changed unless the write head has to be replaced. In 
that case the new factory supplied head la provided 
with a tag showing the new delay counter switch posi
tions, as required to compensate for the new head's 
characteristics, Should readjustment become nec
essary, follow the write deskewing procedure out! ined 
In the maintenance section of this manual, 

HEAD CURHENT REFERF.NCE 

ln the NRZl mode, both pairs of drivers are actuated 
to pass full write current to the head, · ln the PE 
mode, IC17 and IC19 are disabled by NRZ2 false, 
Only IC18 and IC20 arc enabled, which decreases 
write current to the proper level for PE operation, 

WRITE TEST !\!ODE 

When the transport is In the write test mode, input 
frequeneies Tl\IXl and Tl\IX2 from the Dual Density 
Control module alternately set and re~ ·:t the Input 
data buffer flip-Oops of each write amplifier stage, 
~enerating- the required NHZl all-1 test pattern on 



the tape. TMX2 true pulse also fires one-shot IC5. 
This disables WRITE AMPLIFIER HESET (WARS) 
from the interface, permlttlng the tape to be written 
on during the test mode without disconnecting the 
Model 9300 from the interface. 

806-9100-2-00 

TYPE 5368 AMPLIFIER OPEHATION 

The operation of these write amplifiers Is identical 
to that of the Type 5366 Four Channel Write Ampli
fier module described above, 
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• 
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For Industry Standard 
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Schematic Diagram 
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