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MINI-DISK SERVICE MANUAL 

INTROOUCT10N 

Th is manual provides service information for the Mini-Oisk Power Supply , Termination Res istor Package, DIP Snunt, 
Jumper Wire and Cable Connectors. 

Service information for the Mini-Disk operat ing systems is located in the SA400 Minifloppy Diskene Storage Drive Ser• 
vice Manual, published by Snugan: Associates. 

120 VAC 
30 MZ 

,,or •s , 

INPUT . . . . 

OUTPUT (1) 

POWER SUPPLY 

S?EClF1CAT10NS 

120 VAC, 60 Hz 
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CURRENT 

MAXIMUM R IPPl_,S 

• 1. sO A (max ), 0.75 A (tVp) 

100 mV p · p 

OUTPUT ( 2) . . . ... s(±o.2s1 voe 

CURRENT 

MAXIMUM RIPPLc 

0.70 A (max), 0.SO A (tV!J) 

SO mV PiJ 
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Resistor Termination, DIP Shunt and Jumper (see Figure 2). 

1. The Resistor Termination in the IC socket is used in Drive number zero only. It must be removed for Drives one, 
two and three. 

2. The DIP Shunt package is used in all Drives and must be punched and seated as i llust rated. 

3. The Jumper Wi re between pins 10 and 32 of J 1 is used on all Dr ives. 

14 

J . JUMPER WIRE -'OOED 

""'"""' ~ 

C-] p 7 HM o, MH 

0 J4 '---•32 
J1 

G~OT USEO] 

0- ~ 
c--J 
~ 
~ 

I :~ •--~ ~o 

c-~J ---~ .. ~; 
. """"" """""""" -~ '" '"""' '"""' (IN SOCKET). ~EMOVE EX- 112 PIN DIP! SITS IN UP-
CEPT FOR DRIVE NUM8E:=\ ?~A ?AAT O F 14 PIN DIP 
ZERO . SOCKET. MUST 3E PUNCH­

ED AS SHOWN IN ALL 
DRIVES. 

FIGURE 2. RESISTOR TERMINAT1ON, 
DIP SHUNT AND JUMPER. 

Flat Ribbon Cable Assembly (see Figure 3). 

Pins must be removed from Drive connectors on the Cable Assembly as fo ll ows and as illustrated : 

1. Connec10r for Drive number zero - pins 12, 14 and 32. 

/ 2. Connector for Drive number one - pins 10, 14 and 32. 

3. Connecrnr for Dr ive nu mber two - pins 10, 12 and 32. 

4. Connector for Dr ive number th ree - pins 10, 12 and 14. 

DR IVE DRIVE DRIVE DRIVE 
NUMBER ZERO NUM BER ONE NUMB ER TWO NUMBER THRE E 

i 2 

14 

32 

10 10 

14 12 

32 32 

FIGURE 3. CABLE ASSEMBLY - CONNECTOR 
PIN REMOVAL CHART. 

Do not remove any pins from the con nec t0 r to rhe Expansion Interface. 
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SYMBOL 

C1 
C2 
C3 
C4 
cs 
ca 

CR1 
CR2 
C:=13 
CR4 
Cr1S 
CR6 
CR7 
CR8 
CR9 
CR 10 

?1 

MIN I-DISK POWER SUPPLY 
PARTS LIST 

PART 
DESCRIPTION NUMBER SYMBOL DESCRIPTION 

PR INTED CIRCUIT SOARD, TRANSISTORS 
POW ER SUPPLY 1700078 

Q1 I.C. Voltage Regu lator , 7805 
CAPACITORS Q2 MJE3055 , Power 

2,200 ,u.F , 25V , Electrolytic, Radial 1500071 RESlSTORS 
2.200 µF , 35V , Electrolytic, Radial 1500072 
0.001 µF , 1 OOV, Polyesi:er, r ilm 1500073 R 1 0.33 ohm, ~N , 5% 
220 µF , 16V , Elecu-oly,:ic, Radial 1500069 R2 10K, 1/4W, 5% 
220 µF , 16V , 2 !ectrolytic, Radial 1500069 R3 550 oh m , 1/4W, 5% 
220 µF . 3SV , -: leci:rolytic, R aoial 1500070 R4 2.2K. 1/4W . 5% 

RS 3,300 ohm . 1!4W . 5% 
DIODES R6 1,500 ohm , 1/4W, 5% 

R7 1 K, 30%, Var iable 
1N5392, 100V , Silicon 4800028 
1N5392. 100V , Silicon 4800028 SVvlTCHES 
1N5392, 100V, Silicon 4800028 
1N5392, 100V, Sil icon 4800028 S1 OPOT 
1 N4002, 1 OOV , Silicon 4800027 
i N4002, 1 OOV , Silicon 4800027 TRANSFORMERS 
i NS392. 100V . Si l icon 4800028 
1 N 5392, 1 OOV , Sil icon 4800028 T l 117V/60Hz 
1N5392, 100V, Silicon 4800028 
1N5392, 100V , Silicon 4800028 INTEGRATED ClRCUlTS 

PLUGS 21 Voltage Regu lator 

Socket. Connector 2100045 
?lug, Power ( 4 ~a .) 2100044 

NOTE: The 34-comact Feedttirougn C.Jnne-:~or (P3r,: Number 2100043) 
is not listed or sh own as par,: of cne ?ower Supply . Howe'ler , i t 
interconnects :he ,::iower Sucp1y and th e Mini-D isk Dr ive? . C. 3. 

RADIO SHACK~ A DIVISION OF TANDY CORPORATION 
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NUMBER 

3100004 
4824004 

4717004 
4704068 
4704041 
4704054 
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4704050 
4750019 

5106001 

4000005 

3100001 
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PREFACE 

Titis service manual contains all the informat ion 
required to service the SA 400 Mini Floppy drive 
in the field. 1l1e service manual is divided into 3 
sections: 

Section l Theory of Operations 

Section 2 Maintenance i\fanual 

Section 3 Illustrated Parts Catalog 

Each section contains its own Table of Contents. 

For information on the SA 400 drive specifica­
tions , interfacing, track formats, and applications 
notes refer to Shugart Associates OEM manual 
P/N 54102. 
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1.0 THEORY OF OPERATIONS 

1.1 GENERAL OPERATIONS 

The SA 400 Mini floppy Drive consists o f reJd/ 
write and control electronics. drive mechJnism, 
motor control, re1d/ write h.:Jd, track positioning 
mechanism, and the removable Disk.:tte. These 
components perform the follow ing functions: 

• Interpret and generate control signals. 

• Move read/write h.:Jd to th.: desired track. 

• Read and write data 

• Maintam co rrec t diskette speed. 

The relationship and tnterfo.ce sign:ils fo r the inter­
nal fu nctions of the SA 400 are shown in Figure l. 

The Head Positioning Actuator Cam positions the 
read/write head to the desired track on the Disk­
ette. The Head Load Actuator loads the Diskette 
:igainst the re1d/w rite head :ind data m<i.y then be 
recorded or read from the Diskette. 

The drive h:is two (2) PCB\, one is fo r ,he drive 
motor control and the othi!r is the drive PCB. The 
electronics p:icklged on the drive PCB cont:iins : 

1. Index Detector Circuits 

2. He:id Position Actuator Driv.:r 

3. Head Load ..\ctu:itor Driver 

4. Read/Write Amplifier :ind Transition 
Detector 

5. Step Control Logic 

6. Track Zero Sensing Circuits 

7. Write Pro tect 

The drive moto r control PCB cont:iins the following 
electronics : 

l. /vlo rn r on & off circuitry 

2. Motor cu rrent limit i11g ci r<.: uit ry 

3. Motor speed control 

1.2 HEAD POSITION ING 

An electr i,::il steppi11g motor drives the rkad Pusition 
Actuator Cam which positions tile re Jd ,' write he:id. 
Th.; stepping moto r rut:ites the actu::itor -:::1111 dod,­
\vise or c.:ountcr•c!ock..1,vi'.:le. The using systcrn ir11..:r~­

ments the stc pptng mutor to the d-:sir.:J t rJ<.:k. Ea-:!1 
step cunsists of 2 steps to th-: stcpp.:r motor fo r eJ<.:h 
st.:p pulse supplied on the imerface. 
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1.3 DISKETTE S?lNOLE DRIVE 

Tne Diskette D.C. drive motor rotates ,he s;:,indle 
1t 300 ,,m through :i beit-drive system. 50 or 60 
Hz op~ . . :on is :iccommodated without :iny 
ch:mge~. ,\ CJ.imping Hub moves in conjunc• 
cion with the.Hub frame t.11:i t precise!y damps cite 
Diskette co the soindle l1ub. Tne motor is started 
by m:t.~ng the in°terface signal "motor on" true 
and is stopped by m:iking chis signal false. 
.I 

1.4 READ/WRll:E HEAD 

The' r.e-zd/wrice he1d is :i <.:er:imic i1ead :ind is in 
direct contact with the Diskette. TI1e head sur­
face has been designed to obtain maximum sign..! 
transfer to :ind from che magnetic surfa<.:e of the 
Diskette with minimum He:id/Diskette wear. 

The SA 400 ceramic he:id is 1 single dement re:id/ 
write he:id with straddle er:ise e!~men cs :o provide 
er1sed ue:is between d:;.:i tracks. Thus, norm:il 
coler:inc~ between mdia and drives will na e de­
grade the sign1l co noise ratio :ind insures Diskette 
intcrch:i.n~e:i::ii.l ity. 

The re:id /writ~ :1e:id is mounted on 1 c1rri:ige 
whid1 is looted on clie Hc:!:id Position Actu1cur 
C.im rn;i is drive:, tliru :i c:im fu!luwer. The Disk-

ette is held in a pl:me per;:endicular to che read/ 
write l1e:1d by one ,:i!ate:1 located on che base c:ist• 
ing. The Diskette is lo:ided :ig:linst the he:id with 
a felt load pad :ictuated by the he:id load solenoid. 

1.5 RECORDING FORMAT 

Toe fo rm:it of the data recorded on the Diskette is 
totailv 1 (unction oi the host svstem. Data is re• 
corded on the Diskette using f;equency mcdula• 
tion as the recording mode, i.e., each data bit re• 
corderi on the diskette has :m 1SSociated c!ock bit 
recorded with it, this is reforreri co as FM. Dat:i 
written on and read back from the diskette t:ikes 
the form as shown in Figure 2. The binary data 
o:ittem shown represents a 10 I. Two recording 
freoucncies are ~d. IF which is Obit :ind 2F 

whi~h isl l bic. The lF frequency is 62.5 KHz 
and 2f is 125 .0 Kl'lz. 

Ct.OC~ !ltTS 

FIGURE 2. OAT). ?ATT:RN 
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1.6 BIT CELL 

As shown in Figure 3, the clock bits and data bits 
(if present) are interleaved. By definition, a Bit 
Cell is the period between the leading edge of one 
clock bit and the leading ~dge of the next clock 
bit. A bit cell time is 8µ sec from clock to clock. 

1.7 BYTE 

CUXX SITS 
I r CATA SIT "\ 

UF PAE.SENTI t 

_JLJl_fl_ 
r-·-~ 

e1TCCL!..__,j 
~EC 1 

FIGURE 3. SIT CELL 

A Byte, when referring to serial data (being written 
onto or read from the disc drive), is defined as 

eight (8) consecutive bi t cells . The most sign ific:mt 
bit cell is defined as bit cell O and the leas t sig.nifi­
can t bit cell is defined as bit cell 7 . When reference 
is made to a specific data bit (i.e ., data bit 3), it is 
with respect to the corresponding bit cell (bi t cell 3). 

During a write operation, bit cell O of each by te is 
transferred to the disc drive first with bit cell 7 be­
ing transferred last. Correspondingly , the most 
significant byte of da ta is transferred to tile disc 
first and the least significant byte is transferred 
last . 

When data is being read back from the drive, bit 
cell O of each byte will be transferred first with 

b!t cell 7 last. As with re:iding, the most signifi­
cant byte will be tr ansferred first fro m the drive 
to the user. Figure 4 illustrates the re lationship 
of the bits within a byte and Figure 5 illustrates 
the relationshi p of the bytes fo r re:id 1nd write 
data. 

C 0 C 0 C C CO C C OC CO C 

ulJ7____TT_J7..Jl_ 

~a,-r-c-EL-L""'~*a"",-r-cE_L_L __ 1_,...s .... 1r_c_E_L_L_' I;., cm; 1 •n cm• I ;., cm; I """" I m m u I """" 
MS8 LS8 

---------------avTE-----------------1 

BINARY ,S E?RESENTATlON OF: 

DATA airs 

CLoc,c a, rs 

' HEXAO:C lMAL 
aE~RE3ENT A TlON 
OF : 

OATA airs 

CLQC)( BITS 

BYTE SYTE 
0 

t 

2 3 

BIT CELL i) OF BYTE G IS 
F IRST DATA TO BE SENT 
T:} THE DRIVE WH!:N 
•.-- ;-;-I ,-;G "-ND FROM THE 
C,AIVE WHEN READING 

0 

4 5 6 

a 

FIGURE 4. BYTE 

s 9 10 11 

FIGU RE 5. DATA SYTES 
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t 
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1.3 TRACKS 

The SA 400 '- lin ir1oppy ,.ir ive is c:ipable o f re• 

cording up to J S trlcks of dat:i . The tr :icks lre 
numbered Q.34 _ E1ch track is made :ivaibble to 
the re::i.d/ wri te head by accessing the l1ead with 

a ste;,per motor l nd carriage assembly . Tr:ick 00 
is the outer most track with tr:ick 35 being the 
intermost :r.:1ck. Track :iccessing will be co vered 
in Section 3. 

B..sic Tr:ick Characte:istics: 

No. bits/tr.ick 

Bit per inch ( inside ) 

Tr:icks per inc.!1 

Acc::ss time 

1.9 TRACK rORMAT 

25,000 bits 

2,.58 l BP! 

48 TPl 

40 msec 

Tracks may be formaned in numerous ways and is 

dependent on the using system. The SA 40 0 can 

use index recording wiL~ SA l 05 and SA l 07 media 
or soft-sectoring us ing SAl 04 media. 

SA 4lJO HARD SECTOR FORMAT 

SECTOR SE?ARAT10N DONE BY THE USiNG SYSi"EM 

FM AECCMMENDEO FORMAT 

P+-iYSI C,).L SECTQ~ J 

1.10 SECTOR RECORDING FORMAT 

In this Format, the using sys tem may record up to l O o r 

l 6 sectors ( rec;Jrds) per tr:ick. E:ich tr:ic k is st.:ir ted 
by a physical index pulse lnd e:ich sector is star ted 
by a physical sector pulse. This type of recording 

is cwed hard sectoring. Figure 6 shows some typ-
ical Sector Recording Formats. The using system 

must do the sector sep:ir:ition. For :idditional in­

formation on sector separation 1nd fo rmatting re­

qwrements. Refer to the SA 400 Ofuvt Manual. 

1.11 SOFT SECTOR RECORDING FORMAT 

In this format, the using system may record o ne 
long record o r several , m:iller records. E:icn track 

is st:ir ted by a physical index pulse and then e:1ch 

record is preceded by a unique recorded identifier. 

Tnis type of recording is cwed soft sectoring. f lg• 
w-.e 7 shows c.he so r"t sector rormat for 18 sectors 
md 128 by tes. Refer to the SA J.QQ OEM Manu:ll 
tor further fo rmatting iniorm:aion. 

I G 1 ID I, c~c [ G2 ; 
-------~--~----DA TA Fl EL0----""•"'1~•---.,.1--•--1 

HEX 3YiE 

:Q;: 8YTES 

I 
16 SECTORS 
10 SECTORS 
3 Sc:CTORS 
S Sc:CTORS 
4 SECTORS 
2 Sc:CTORS 
1 Sc:CTORS 

UPOATE WRITE 

GJ - USER OAT..:. 

HEX 
00 
16 

HEX 
Fa 

GJ -G:NEAAT:O SY c:=;c GEN ERATOR (13M OR :·J.UI V) 

fil 0 ~~~ i T 2 I 

' r 128 48 
256 35 
256 11 5 
512 91 
512 250 

1024 S19 
2048 1053 

FIGURE 6. HAAD SECTOR FORMAT 
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2.0 DRIVE MOTOR CONTROL 

• St:irt Stop ' 

• Sp.:ed Control 

• Over Current Protection 

• Speed Adjust 

The motor used in the SA 400 ts. a DC drive motor 
and has a separate motor on and off interface line. 
After :ic:ivating the motor on line, a I second delay 
must be introduced to :illow proper mo tor speed 
before reading or writing. 

\\'lien mocor on is activated to PIN l 6 on tile drive 
PCB this will start cl1e motor by causing current to 
r1ow chru the motor windings. Figure 8 shows the 
fun~tional diagr:mI of the motor speed control cir­
cuit. The motor speed control utilizes ln integrJ.! 
brushie~s t:ichometer. The output ·,oltage signal 
from this t.:1chometer (V speed) is compared to 1 

•.-o! tage reierence !eve!. The out;,ut from the OP 
A,\!P will control the necessary current co main­
tain a constant motor sjjeed of 300 RPM. :Vlocor 
speed adjustment changes the V rei thru a Poten­
tiometer. The current limiter monitors macer cur­
~ent for chem:il protection i.n c:i.se oi :.t.'.l.lls, etc. 

CURRENT ORVR 

-MOTOR ON 
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-TACH 
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,..----+--V REF 
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+12 
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~IGURi: 3. MOTOR CONTROL FUN CTIONAL DIAGRA ,'.,,1 
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3.0 DRIVE SELECTION 

3.1 · HEAD LOAD 

\\-11en the shunt block position HS is shorted the 
head will load. by energizing the he:id load solen­
oid, when drive select is brought to an active low.­
Reference Figure 9. 

If the shunt block is positioned so HS is open 
and H.M is shorted the head will load with­
Motor On signal, irregardless of the state of 
drive select. Reference Figure 9. 

3.2 SINGLE DRIVE SYSTEM 

With MX iumper shorted the input to the or gate 
for output enable is Jt a !ow level. This causes the 
sjgnal outpu t enable to :ilways be true when the 

MOTO R ON 0 HM 

+5 
--r • 

INPUT LINES 

os1::7 
052 ---o-o--+ 
0S3 ) 

DRIVE 
SELECT 

[I] 

WRITE GATE 

0 

MX OPEN FOR MULT IPLE 
DRIVE SYSTE :\l . 

LEAVE SHORTED THE 
STRAP IN THE SHU NT 
BLOCK FOR THE.DRI VE 
YOUl"l i SH TO SELECT 

Hi\1 SHCRT::D TH:: HEAD 
WILL LOAD l'JITH -MOTOR ON 

HS SHORTED TH E HEAD \' /I LL 
LO.:.O '.'lliH -OR IV E SEL ::CT 

HS 

drive is powered 011. AccivJting any drire sc:!e ct 
line will light the acti vity li te and enable r<!ad ing 
and writing if the motor is running and th~ h..:ad 
is loaded . Re fer to Figure 9 for the: logic required. 

3.3 MULTIPLE DR IVE SYSTEM 

There are 3 drive select lines. In multiple drive sys­
tems le:ive the Jumper uncut in the shunt block for 
the drive number you wish to select. MX must 
be cue for the input & output to be daisey ch:iined. 
With MX cut drive select must be true in order to 
activate output enable which in tum gates the out­
put li nes li tes the activity lite and conditions the 
input lines. Riad ing :i nd writi ng c:in now be per­
formed if the mot or is ru nn:ng :rnd the head is 
loaded. Figure 9 is the d rive select fu nct ional 
diagram. 

ACTIVITY LITE 

READ 

READ ENABLE 

READ PULSE 

INDEX PULSi: 

OUTPUT ENABLE 

OU?UT LINES 

HEAOLOAD 

3 

-READ DATA 

30 

- INDEX SECTOR 

8 

WRITE PROT SVIITCH ir-\-WRIT!: PXT!:CT 

H__./1 28 

TRKOOSW ITCH O' . - TRACK OO PHASE A -
-----+-l; . )( 

26 

FIGURE 9. D RI V E SEU:CT F UNCT ION A L D I A GR A ,\1 
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4.0 INDEX DSTECTOR 

E:ich tim e :rn inde.'t o r sector hole is moved p:ist che 

imle:~ photo de:ecto r, 1 pulse is furm ed . This pulse 

i:; present o n the in terface lS inde:c/sector pin 8. 
Withuut 1 Disket (e in the drive the o utput line will 

be low so :he using system must look for :i tr:insi• 
tion to be 1 ·,alid sign:tl. Th: detector output is fed 

i.n,o l schmidt trigger with a level trigger latch b:ick 

l o maintain ;iulse st:ibiiity, while ~'uping the pulse. 
With output enable true this pulse will be on the 
interface as 1 negative going pulse. Refer to figures 
10 and 11 for logic required and timings. Snown is 

tile o uqmt from 1 soic sector Di.skem:. 

0 -OUT?UT : NABL.: - IMOEX Si:C70n 

----03:C 

0 

0 

0 

T?7 

i"1GURE 10. INDEX O:TECTOA LOGIC 

______ [ 

•------- 200! i 2m .,~ --------4!"! 
so;:r Si:c,::,R 

i' IGURE 11. IND EX TlM ING DIAGRAM 
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5.0 TRACK ZERO INDICATION 

Track 00 signal (pin 26) is provided to the using 
system to indicate when the read/write head is 
positioned on track zero. Figures 12 & I 3 show 
the logic :ind timing for the track zero indication. 
The track zero micro switch is actuated by the c:ir­
riage between track one and track zero . When the 
carriage is stepped to track 00 stepper phase A is 
Anded with the. output fro m the tr:ick 00 ,witch. 

The output fro m this And gate co nditions Jnother 
And gate :ind its other le g is output enable whit:h 
is t rue wl1en the drive is selected in a mult iple drive 
system or on power on in a single drive system. 
These conditions will c:iuse a TRK 00 indication to 
the interface. Reference Figure 12 fo r the logic 
required. 

+OUTPUT ENABLE ------------

OUTPUT ENABU: 

ON TRACK 

STE? PULSE 

OIRECT ION 

o A 

o a 

¢ C 

¢ 0 

TRACK 00 
SWITCH (TPSJ 

- ¢A -----

-TKO 

I 
@ 
T?8 

FIGURE 12. TRAC K 00 INDICATION DIAGRAM 

0 

_ ____.n._ _____ n.__-..ln.___ ........... n..______.n __ _ 
l 

__ ___,in n~/ __ 
______ n_~==n--- 7 

(TKOO SIGN"-Ll 
TKOO INTERFAC E __________________________ __. OUTPUT E!'IAB L:: . TKDO SNITCH 
SIGNAL ?IN25 • PHASE A 

FIGURE 13. TRACK 00 TIMING DIAGRAM 
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6.0 TRACK ACCESSING 

• Stepoer Motor (4 Phase) 

• S(e;:per Control Logic 

• Reverse Seek 

• Forward Seek 

• T r:.ck Zero I ndic:i cion 

Seeking the re:id/ write he:id from one track to :in• 

other is :1ccomplis.hed by se:ecting the desired direc• 
tion utilii..ing the Direction Select Interface line, 
loading the re:id/w rite he:id, and then pulsing th:: 

Ste\' line. Multi\'.)ie Cr:1ck ac~ssing is lccompli.shed 
by re,ie:aed pulsing of the See;, line with write g:ue 
in.ictive un cil t.he desired track has been reached. 
E:ich pulse on the Ste;, line will c.iwe the re:id/ 
write he:id to move one crack either in or out de­
pending on t.he Oirec:ion Select !ine. 

6. 1 STE??ER MOTOA 

The 4 phase ste;,per motor ,urns the head actuator 

c:im in 2 see;, inc:ements per tr:ick. Two incre• 
ments wiil move the head one track •,ia a b:ill bear­

ing foUower -.11hich is attached to the c:uriage :lS· 

;embly. This follower ri des ui a spiral groove in 
:..he face of the :ictuacor c:un. 

The scep\'.)er motor has 4 ph:ses. Phase A 1nd phase 
C rn: the 1ctive positions wn.ic!1 :ire ~nergized when 
the he:id is on cr:ick. The phases 8 :ind D are trans­
ient states. Two one s.1ocs co the ste?per counter 
logi..: ;::rovides t!'le 2:ld ste? pulse 1ppro ximace!y 13 
milliseconds after the ste\'.) line goes r,eg:i tive ?rO• 
•riding the drive is selected and read enab le is crue. 

6.2 STE??ER CONTROL 

D1,1ring Power on Reset time the stepper control 
s~.ift register is reset co zero. T:1is will c:iuse phase 

A to be energized in the ste\'.)per. "Figure 15 and 
!6 shows the stepper concrol logic and ti.-ning ." 

With drive selec t and read enable true, this provides 
the conditio ns wbch :illows the :Hep pulse to c!oc!< 

the clock input to the stc;,per control shift register. 
As the stepper control shifts from one phase to an­
other the outputs are fed back to the 2nd pulse gen• 
erator S/S. When a step pulse c:iuses the ste;:,per 
counter to go from its on tr:ick phase via the dock 
in\'.)ut the two step SIS is fired . ln :ipproximate!y 
13 milliseconds a 2nd clock to the shift ;egister is 
provided, this causes the step\'.)er motor to step fro m 
its tr:msient ;:,h~ 3 or D to the next o n tr:ick. phase 
A or C. This 1s the method ch:it c:iuses the stepper 
to sce;:, 2 times for e:ich ste? pulse o n the interface. 
Tne circui t will also interlock any possibility of 
writing on the transient phases 3 and D. 

TI1e stepper control is 3 -l- bit a:ir:illel access shift 
register with J and K. inouts. l t is used in the shift 
mode when stepping out md in the load mode 
when stepping in. Only the A 3 lnd C outpucs are 
used. The 4th outpu t is D' 1r:d is true when the 
other outputs are zero. 

6.3 STE?OUT 

Figure l 4 shows the logic for how :he bit fo r step• 
?ing is shifted when direction is high :ind the shift 
register is in a shift mode or ste,i out. 

6.4 STE? IN MODE 

When direction is low the drive is in 1 see;, in mode . 
Tne shift register is in a load mode. Its ou tputs are 
being used to load the inpucs. fig•.ire I 7 shows ,he 
logic on this and how the o utputs are shiited. Ref­
erence r1gure l 6 tor timing. Ag:iin only A 3 & C 
outputs Jre used, the 4th output is D'. 
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2 ?IJLSS GEN!:RATCR 

Si' A TES -R--.....-....----, A 
A o o o I o '-----------u 
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3 0 0 i1101 0~19;;_ _______ -(.l 

c o l o lei 1 l o~1 c~--------:1 '--------01 a I o i o I o I 1 i 
" 

ri n n n 
_jLJUt...J._ 

;:~~"t' I .>. I ,J i : I 3 I A I 
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.....rL 
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+READ ENABLE 
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13ms 
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A 

8 

C 

D 
j 

>C 
K 

R 

POR 

QA 

QB 

QC 

CUT FOR STEPPER POWER ALWAYS ON (SEEK OVERLAP) 

+PU LL UP 

SHORT FOR STEPPER POWER WITH DRIVE SELECT (LOW POWER) 

+5 

+ (¢A+ ¢ Cl 

FIGURE 15. STEPPER CONTROL FUNCTIONAL 01 AGRAM 
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7.0 READ-WR ITE OPERATIONS 

• SA 400 Minitloppy uses double fr equency NRZI 
recording method. 

• The read/write he:id, in general, is a ring with a 
ga p and a coil wound at some point on the ring . 

• During a write operation, a bit is recorded when 
the tlux direction in the ring is reversed by 
rapidly reversing the current in the coil. 

• During a read operation, a bit is read when the 
t1ux direction in the ring is reversed as a result 
of a t1ux reversal on :he diskette surface . 

7.1 The SA 400 drive uses tlte double­
fr equency (2F) longitudinal non re turn to zero 
(N RZI) method of recording. Double frequem;y 
is the te rm giv.:n to the recording system that in­
serts a clock bit :it the beginning of each bit cell 
time thereby doubling the frequency of recorded 
bits. Trus dock bit , as well :is the data bit. are 
provided by the using system. See Figure 18. 

7.2 The read/write head 1s a rin g with :i gap and 
:i coil wound some point on the ring. When cur­
rent flows through the coil, the tlux induced in 
the ring fringes at the gap. As the diskette reco rd­
ing surface passes by the gap, the fringe tlux mag­
netizes the surface in a longitudinal direction. 
Sec Figure 19. 

7. 3 The drive writes 2 frequencies IF 62.5 KHz 
and 2F 125 KHz. During :i write operation, a bit 
is recorded when the tlux directi0n in the ring is 
reversed by rapidly reversing the current in the 
coil. The fringe tlux is reversed in the gap and 
hence the portion of the f1ux tlowing through the 
oxide recording surface is reversed. If the f1ux re­
versal is instantaneo1.1s in cornp:irison to ti,e mo­
tion of tl1e diskette, it can be seen that the portion 
of the diskette surface that just passed ..inder the 
gap is magnetized in one direction while the por­
tion under the gap is magnetized in tlte opposite 
direction. This tlux revers:il rep resents a bit. See 
Figure 20. 

7. 4 During a read oper:ition, a bit is re::1d when 
the tlux direction in the ring is reversed JS a resu lt 
of :i tlux reversal 0 11 the diskette surface . The gap 
first passes over an area tha t is m:ig:ietized in one 
direction, and :i constant tlux f1ows through th;: 
ring and coil. The coil reg.ist~rs no outp ut v0itage 
at this point. When a rccL1rdcd bit rasses und ~r 
the g:ip. the tlux tlow ing tl1rnu'.:;!i tile ring ~.ml c:od 
will m:ike a 180° re vers:il. This me:i, 1s th;.; t the: tlux 
revc:rsal in the ..: oil will cause :i volt:1:;c outpi.;t pu:sc. 
Sec figure 2 l. 
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8.0 READNJRITE HEAD 

• The re:id/ write he:id i.: ont:tins three ..;oii,. 

• When writ,ng, che lie:id erases the outer edges ,,f 
the tr:ick to insure data recorded will not exced 
the .012 track width. 

• The he:id is ceramic. 

8; 1 The re:id/wrice he:id conc:iins three coils. 

Two re:id-wri te coils are wound o n J single core, 

center tapped :ind one erase coil (;; wound on a 
yoke that spans t!1e track being written. Th e 

read-write and erase coils are connected as shown 
on Figure 23 . 

3 ? On :i '-"rite oper:Hion, lhe erase coil ism­

ergized. This c:iu;;es die outer edges or" the track 
to be tnm er:ised so as the trac!< !:Jemg recorded 
wiil not exceed the .0 !2 " tr:ick -.11 idth. The strad­

dle erasmg allows for minor deviations in read/ 

write i1e:id current so as o ne tr:id: is recorded, it 
will aot "solash o.,-er" to ~djace:H tr:icks. 

8.3 Eai.:h bit w ritten wiil be directed to llcernate 

read/·.>1rite coils, thus c:wsing a ch:ing-: 1n the di­
rection of current claw through the r-::id / wri te 
head. This will c:iuse a change in ci1e tl ux ;:,attem 
fo r each bi t. The C!.ment tluougi1 eith er of the 

re:idiwnte coils will s: :iuse the oid d aL:l co be erased 

1S new data ,s recorded. 

3.4 On a ;e2d o pe1a tio n, ls the di re::tion o r" rlux 

ch.inges o n the diskette surface ls it passes under 

the g.ip , current will be induced into o ne o r· the 

windings o ( the read /write head. This will res ult in 
a voitage o utput pulse . When the next data bi t pas• 
;es 1Jnder the g:.10, .inother rl ux ,;l1:uige in tl:e record­

ing surface t:ikes place . This will c:iuse current co be 

induced in the other •:cd causing 1no tl1e r voltag-e 

0)-J tput ?uise or" d1e opposite poi.irity . 
-' 

IN PUT ~.:. QM 
WRI T : OR I V : .=.s 
OR 0 1-..JT?UT TO 
REAO A-M PS 

s 

R / W 
COi t.S < 4 

• 
FIGURE 23. eiEAO ,WRlie: HE . .,_O 
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9.0 WRITE CIRCUIT OPERATION {FIGURE 24) 

• The binary conneded Write Data Trigger flips 
with eat.:h pulse un the Write Data li ne . 

• The Write Dat:i Trigger alternately drives one or 
the other of the Write Drivers. 

• Write Gate allows write current to flow to the 
Write Driver ci rcuits if diskette is not write 
protected . 

• Write Current sensed allows Erase Coil current. 

9.1 Write data pulses (clock & data bits) J.re sup­
plied by the using system. The Write T,igger ;'tlips" 
with each pulse. The Q and Q outputs are fed to 
alterna te Write Drivers. 

9.2 Write Gate, and not Write Protect, are :inded 
together and will cause write current to flow to the 
Write Driver ci rcuits , which in turn c:iuses the C~n­
ter Tap Swiech to close :rnd erase current to tlow. 

D 
WRITE 
OATA 
TRIGGER 

- WRITE DATA RECEIVE~ C 

- WRITE G-" TE 

•WR !TE PROTECT 

WRITE 
CURRENT 
SOU RCE 

TU RN OFF 
DEGAUSS 
OEL.~ Y 
25 µ SEC 

D 

a 

9.3 The output of one of the Write Drivers allows 
write current to flow cluough one half of the read/ 
write coil. When the Write Trigger "fl ips", the 
other Write Driver provides write current to the 
other half of the read/wri te coil. 

9.4 The removal of Write Gate causes the Turn 
Off Degauss Delay circuit to slowly red uce write 
current r·o r 25 :nicroseconds. During this time if 
Write Gate is toggled the Re::id /Write head will be 
degaused by the decreasing write current. At the 
end of the delay the c~nter Tap Switch opens and 
the Erase Current Source is turned off. 

C>I • WRITE '\ 
DRIVER I 

Rt .V 
COILS 

WA ITE 

i ORIVER 2 

• V 

* I -= 

f CENTER 
TA? 
SWITCH 

ERASE 
CURRENT 
SOURCE 

LJ~;~LS:: 

FIGURE 24. WR ITE: CIRCUIT FUNCTIONAL DIAGRAM 
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10.0 READ CIRCUIT OPERATION (FIGURE 25) 

• Our:itiun of':ill ,e.:id ooerat i\.lns is under co ntrol 
oi ,he u~1i!g ;y$ tem. 

• \Vhen the l:e.:id is loaded, the re:id signal amp li­
tude becomes ac:ive ind is red to the lmplifier. 

• .\s long lS the he:1d is loaded, the drive is se• 
le-.:ted and write gate is not active, the re:id 
signal' is :1mplified l!ld sh:iped, the sq u:ire w:i ve 

sig."1.ili . .ire sent to the in terrace as re:id data. 

10.1 When the 1.JSing syste:n requires data from the 
diskette drive, the using sys tem must first lo::.d tile 
he:id. With loading of the l1e:id :ind write gate be­
ing inac:ive. ,he ,e:id sign:tl is red co the 1mpiifier 
$ecrion or the re:id circuit. After Lf-ie 1.i-nplific:ition, 
the re::.d sign:il is (ed to a tilter where the noise 

s·;nkes :ue removed. The read si~al is then fod to 
the diffe rential :impiiiier. 

i Q.2 Since :i puise occurs ac !east 0nce ~very 3 µ.s 

:ind when d:ua bits :ire present once every a,i. µ.s . the 
freque:1cy o f the re:id dat:i •r~ies. Ti1e re:id sig.11:il 
1mpiitude decre:1:>es as the r,equency incre:1:>es. 
Note the sign:tls on F!gure 25. The differenti:il a.rn• 
;::lifier will amplify the re:id sign:i.is to even leve ls 
mci make $qll.l!e waves out oi the read signals 
(sine waves). 

T11e drive h~ no d:i,a separ:i tor only a pulse 

st:ind.lrdizer for the re:id d:ita signai. 
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11.0 WRITE PROTECT 

The SA 400 uses a write protect micro switch which 

is activated when a Diskette with a write protect 

label is inserted. 

The micro switch is a normall y closed switch to 
ground. When the switch is opened it ap plies a 

posi ti ve level to the output driver if ou tput enable 
is :icti ve. This gives a lo w leve l to the inte rface pi n 

28 . The signal :ind write protect prevent$ write 
gate from turning on write cur rent. Figure 26 
shows the logic required. 

-WR ITE GATE 

+ WRITE PROT 

'NR ITE 
~-~CU RRENT 

SOURCE 

+OUTPUT ENABLE ' . D PIN28 

---------- - WRITE PROTECT 

FIGURE 26. WR ITE PROTECT FUNCTIONAL DIAGi'IAM 
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12.0 INTERFACE 

The elecuical interface between ch::: SA 400 drive 
and ,he host sy rn:m is ',i a two connectors. The 
first connector, J I , ?rovides ,he signal interface; 
the sec::ind connector, J2, provides the DC power. 
Fnme ground is connected via a faste n connec­
tor !oo~d neu the motor control PCB. 

12. 1 J1/P1 CONNECTOR 

Connection to J 1 is through a 34 pin PCB edge 
card conn::ccor. The pins are nu.rnbered ! through 
34 with the even .1 umbered pins on r.he component 
side of r.i1e PCB ami che odd numbered ;:,ins on the 
c.on....;omponent side . ?in l is located on che end of 
the PCB connector closest :o che corner md is 
labeled 2. A. key slot is provided be tween pins 4 

and S for option:i! connector keying. Refer to 
Figure 23. 

12..2 D.C. POWER 

D.C. power co the drive ts via connecrnr ?1/12 
whici:l is located on che non~:omponent side of the 

I 

I 
~ 
PTN DC VOLTAGE TOLERANCE 

l + l 2 VCC = o.6 voe 

I 
.. +l2 Recum 

I 
I 3 I 

,. 5 Return 

4 + 5 VIX :t 0.25 V1::C 

drive PCS nc:ir rJ1 e spindle drive motor. The drive 
uses 2 voi tages. F:gure 27 ouciines che voltage :rnd 
current requirements. 

12.3 INPUT OUTPUT LINES 

There are four (4) output lines from che SA -100 . 
The output signals are driven with 1n open collec­
tor output stage capable of sinking :i maximum of 
40 ma :it a logic:i.l zero level o r true state with a 
ma.ximum volt::ge of OAV me:isured at the driver. 
When the line d,i;er is in a logical one or false 
sute the driver is off and the coilecror current is 
a maximum of 250 mic:oainpe~es. 

There are 3 input tines co the SA 400. These input 
lines have che r"cliowing ~!e::mc:d ,pec1fic:itions. 
Reference Figure for the recommended. ci rcuit. 

Trne = Logic:ii zero= Vin :O .OV co -t-Q.4V 
@!in= 40 ma (m:ix) 

False = Log1c:ll one == Vin +2.5V to +5 .lS V 
@Iin == 0 ma (open) 

lnput lrnpedance == l 50 ohms 

I 
\UX 

CURRENT RIPPLE (ptop) 

I 
• 1.80A \I.AX 

I 
100 mV 

.90A TYP 

I I 

.70A MAX SO mV 

.50A TYP 

"Tne 12 VIX: -:urrent is composed of three components: he:id to.id current, diskette drive motor currenc, 
and PCB fonccions. EJ.ch or' these com9onents has the follo wing concnbucion •:o the 12 VDC curren t 
rea_uire:nen ts . 

I. PCS (unctions (Drive "St:indby' ' currenc)- 0.4A TYP: 0.5 A A.\IX 
; He:id LJad (Drive Se!ec td )-0 .15..\ TYP; 0.2A M.-\X 
3. Drh·e \\ocor: Sc:1rt (fer i sec. m:ix .)- l .OA TY?; l. ! A \1AX 

Running-0 . .35.-i. TYP; l.! A MAX (~lotor Stailed ) 

FIGURE 27. :J .C. ?OWEi< 
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AC GND 

PLAT RIBBON OR 

TWISTED PAIR 

MAX 10 FEET 

INDEX/SECTOR 
---------------• 

DRIVE SELECT I 

8 

10 

r----D;;..R_1v_E;;..;;.S..;.E.c.L.c.EC.:.T_.;;2 ____ --l 12 

OAIVE SEL.ECT 3 14 

MOTOR ON 16 

DIRECT ION SELECT 18 

STE? 
______________ _, 

20 

WA ITE OATA 22 

WRITE GATC: 

iRAC:< 00 26 
---------------• 

WRITE PROTECT 28 
---------------• 

READ OAiA 30 
---------------• 

i---.,,--•_s __ v __ o __ c _________ 4 

J: +5 RETURN 

:'. +12VDC 

l •12 RETURN 

SA 400 

JI 

J2 _J 
3 

I 
2 J_ 

~ TWISTED PAIR 
FRAME GNO 

FIGURE 28. SA4OO INTERFACE CONNECTIONS 

I
MAX 10 :'EET I 

- RIBBON OR .._ 
TWISTED PAIR 

I 
I -------'yf---------v1-----~ 

FIGURE 29. INTERFACE SIGNAL DRIVER / i'<ECEIVER 
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2.1 MAINTENANCE FEATURES 

2.1.1 Alignment Diskette 

Tite SA I 24 alignment diskene is used fo r align ­
ment of the SA -WO. The following :idjustments 
and checks can be made using the SA I 24. 

I. Re:id /write head radial :idjustmen t using 
track 16. 

2. Index photo detector alignment using track O 1. 

3. Tr:ick 00 ts recorded with a 125 KHz signal 
(2F). This track is used to tell if the head is 
po,i tioned over track zero when the trat.:k zero 
indic:ition is true. 

4. Track 34 has a 125 KHz signal (2F) recorded on 
it and is used to tell if the head is positioned 
over track 34 and fo r reference purposes. 

Caution shou ld be used in order not to destroy pre­
reco rded Jlignment tracks. Thc::se tracks ;ue 00, 01, 

15 , 16, I 7. & 34 The. write protect tab should 
always be inst:il!ed on the SA 124 to prevent acci­
den tal wr iting on the SA 124. 

2.1.2 Exerciser 

Tne exerc iser is a 800 exerciser with a special c:ible 
set. The exerciser PCB can be used in a stand alone 
mode or it can be built into a rest station or used 
in a t<::ster fo r Fidd Service. 

The exerciser will enab le the user to make all 
adjustments and check outs required on the 
SA 400 ~!ini Diskette drive . 

The exerciser h::.s no intelligent d:it 2. lnndling 
cap:iiJilitic!S but can wnte :i 2F I 25KHz. signal 
which is the recording frequence used r·or ampli­
tude check in the SA 400 drive. The c!:<erciser can 
stJrt ;rnd stop the diive motor, and rn:iblc ,e:id in 
the SA 4CO to allow checking for proper read b:ick 
signals. 

2.1.3 Special Tools 

The followin g specia l tools are :ivailable for per­
r·o rn1 in g rn'..lintc·nance on th-: SA 400. 

Al ignrncn t Disk~tte 
r., ~rc ;~;c : 
He Jd C:b !c b tc11dcr 

P;trt \'umber 

S.\ I~-+ 
~4 I , 7 

54 143 



2.2 DIAGNOSTIC TECHNIQUES 

2.2. l Introduction 

[n.:orre;;t operating procedures, faulty progr:irn­
ming, ihmoged diske i tes, and "soft errors ·· cre:iced 
by airborne contaminants, random electric:u noise, 
:ind other ex ternal causes can produce errors 
falsely 1ttributed co drive failure or misadjustmenc. 
Unless visual inspection oi the drive disclo ses an 
obvious misalign.rnent or broken part, attempt rn 
repeat the.fault with the original diskette, then 
attempt to duplio.te fault on second diskette. 

U.2 "Soft :rror" Clat!!-=tion and Com!c::ion 

Soft errors are usually c:iused by: 

1. Airborne conta!T'jnancs tru e pass between the 
read/write he:id and the disk. Usuolly these 
con taminants can be removed by the c:wridge 
;elk!e:ming wiper. 

2. Random elect:ic:li no ise tl'llt usually lasts for a 
fewµ. seconds. 

.). Small defects in che written dac:1 md /or track 
nae detected during the write oper:Hion that 
m:iy c:iuse a soft error during a read. 

4. Worn or defective load pad. 

5. [mproper grounding of the power supply, drive 
and/or host ;ystem. R.:fer to the SA ~O OE~;! 
manual fo r proper grounding requirements. 

6. [mproper motor speed. 

Tne follo•.:,,1ng ;:,rocedures are re::ommended ,a 
recover from the above mentioned soft errors: 

l, .Rere:ld the track ten ( l 0) times or until such 
ci.-ne as ,he da tJ. is recovered. 

2. [f daca is no t recovered after using step ! , access 
the head to che adjacent track in the same 
dire::tion ;:,reviously r.1oved, then return to the 
desired track. 

4. [f dat:i is :.a t re::overed, the er:or is :ict 
recove rao l:! . 

2.2.3 Wr ite Error 

I~ Jn error c.: ::.::s d'..!d:-ig :1 write oper:i tio n, it wiil 
be de: e:: ted on ,h: n:!x.t revolution o:,r doing 1 r:c.d 
ope,:i t:Jn , .; ::,mmor1.ly c:i lled 1 ··writ e check'". To 

correct the error, :inother wrire and ch e::k ope r:1-
tion must be done. [f the write oper:ition is not 
successful Jfter ten ( l 0) ottempcs have been m;ide. 
a read 0peration should be act~mpted on Jnother 
tr:ick to determine if the media or the drive is fail ­
ing. [f che error still ;:,ersists, the diskette shouid be 
replaced :ind the :ibove procedure re?eJ ted. l f the 
failure stiil ex.ists, consider the drive deiect ive. If 
the failure disappeJrs, consider the original di sk­
ene defective and discard it. 

2.2.4 Read Error 

Most errors that occur will be ··so ft errors"' . In 
these c:ises. ;:,erforming an error rec::,very pro­
cedure wiil recover the data. 

2.2.S Seel< E:ror 

l. Stepper malfunctiun. 

2. C.irriage binds. 

3. To recover from a ;;;:ek error re::a librate to tr:ick 
00 and oerfonn another se::: k. co the original 
tr:ick a; do a re:id LD . co fi nd wh:it tr:ick the 
he:id is on :rnd .;:ompens .. te '.!ccordingly . 

2.2.6 Interchange E:rcr1 

Tnis error is identified to be when data wricten on 
one drive cannot be read correctly on Jnother 
dri're . 

Probable cause 1nd che::ks: 

I . He:id J]ignmen c reteren1;e section 2. 4. ! 3. 

2. He:id Jmplitude !ow . C:,e::k on both drives per 
section 2.4. I 2. 

3. Motor speed cu, of 1djus,ment. C,eck on both 
drives per se:.:tion 2A. i 3. 

4. Mis~lamping o f :he diskette caused b:,r .;encer 
hole damage . Repiace the disk rne 111d check 
the clamp hu b. 

5. If hard sectcred die::k the index :~ming 1djust• 
ment sect iu n 2.4. l i . 

6. [f hard sectored insure tl,e recomme !ldd s<! c tor 
format i, being iollowd. reforen-:e the SA .:.QQ 
OE:0.1 m:inu:1! ro r ?roper form:H requiremen ts. 
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2.2.7 Test Points SA 400 

R~fcrence figu re I. 

T P. I. 
.., 

3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 
I I. 
12. 
I 3. 

Read DJu Sign al 
Re:id Data Signa l 
Re ad Data (Di fferent iated) 
Read Da ta (Difbent i:ited) 
Signal Grou nd 
+ Read Dat:1 
+ Index 
- Detect Track 00 
+ \I/r ite Procect 
Ground 
- Head Load 
+ Gated Step Pulses 
- Moto r On 

P-4 

!o o•• j 

J4 

2 

7 
9 • 

j 1 

34 

12 . 

10 

A 

2.3 PREVENTIVE MAINTENAi\J CE 

Preventative mainrcnarn:e is no t re'-{uired 0 11 the 
S,\ 400 mini t1opp y unJer no rma l usage. 

2.4 REMOVALS AND ADJUSTMENTS 

2.4. 1 Face Plate: Removal and Installation 

a. Open the doo r. 

b. Remove the mounting sc rew on e:ich side of the 
fa ceplate. Pull the face plate forwa rd and away 
fro m the drive casting. 

c. No re -1djustment is requ ired after replacement. 

2 4 3 . . . . 

8 

11 
13 • . 

J3 

s 

5 

6 

J2 

0000 

J 3 2 I 
0000 

p 2 
F IGUR E 1 T ~ST POINT L OCAT I ONS 
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2.4.2 Drive Motor Assembly: Removal ar.d 
Installation (includes the motor and ?CS) 

No te: For e:ise of r~?lace:nenc it is ret.:om­
me:1ded to re;ilace the motor md PC3 as .rn 
enure assembl y . 

:i. Remove drive be!t. 

b . Ois.;onnect connector P-3 from drive PCB and 

ext:act ;iins K (erg) l3 (brn) and l4 (blk) . 

c. Remove drive PCB. 

d. Remove the drive motor PCB 1nd drive motor 
as an :issembly by removing their :espective 

mounc ing sc:ews. 

~ To re-tnsc:ill , reverse ch':! 1bove ;irocedure 

insuring the ?CB :;pacers md fasten ,ab .ire in 

?b.Ce. 

f. \!ocor speerl must be 1djus,;:d as ?er section 

2.-UJ. 

2.4.3 Stepper Motor and Ac:Jatcr C .. m 

These as~mblies are not ,ie!d re;,iace:ible. 

2.4.4 Head and Carriage Assembiy 

a. Remove the dr ive PCB and disconnect the he:id 

connector from :he PCB. 

b. Unc:::unp the he:id c:1ble from the drive. 

c. Remove the g'Jide ,od ,1e:irest :he re:id/ wrice 

h e:id. 

d. ?:voe the c.:!rriage :iw:iy from che s::im :ind off of 

the 1ower guide rod. 

! . To re- insc.1.il, :everse the above . 

[~!PORT ANT : Insure t!:tat afrer installing the 

held cab le there is enough sl:it.:k to : i!ow the 

carriage to go to tr:ick zero . 

.: 

f. Re:idjust the c:irri:ige limiter if J new t.:arri:ige is 
instailed. Refere:ice section 2.4 . 16. 

g. He:id llignment shou ld noc be required but i f 
interchange problem:; ex :st check :md :idjust 

head a lignment per section 2.4 ! 8 . 

2.4.4.1 Read/Write Head Load Button: Removal 
and Installation 

a. Remove drive PCB . 

b. To remove the old bucton. ho ld the lo:id :irm 
out :iw:iy from head, squeeze the locking cabs 
together wich a p:iir o( needle nose pl iers :ind 
press forward. 

c. To install !o:id button . press the button inw the 
.inn. fr om the he:id side . 1nd it wdl m:ip 1n cu 
place . Rer"e~ence fi gure 2. 

d. A.djust :iccording to sec: ion 2.4 .1 4 . 

2.4.5 Spindle Hub and ?ulley / Assembiy 

Tnese 1sse:nbli~s :ire not ri e ld :~;:,!:ice:ib le . 

FIGURE 2. HE.u-0 LOAO SUTTON REPLACEME NT 
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2.4.6 Clamp Hub Removal 

a. Remove face pl:Jte. Reference section 2.4. l. 

b. Remove the drive PCB. 

c. Rcmove the E-ring from the hub shaft. The 
entire assembly can now be removed from the 
hub fr:i.me. Care should be tJken not to over­
stress the hub frJme mounting pivot springs. 

d. To re-install : Place the hub clamp with spacer 
Jnd spring in place onto the spindle hub . (The 
large end of the spring is placed agJinst the hub 
frame). 

e. Press the hub frame down towards the spindle 
until the hub shaft protrudes through its mount­
ing hole in the hub frame. 

f. Install the E-ring onto the hub shaft. 

g. Re-install the face plate. Re-adjustmenc is not 
required. 

2.4.7 Hub Frame Assembly Removal 

Removal of this assembly is not normally required 
or recommended. The only time removal would be 
required in the t"ield is to replace the entire 
assembly. 

a. Remove the drive PCB. 

b. Remove the 2 mounting screws that ho ld the 
pivot ;prings to the casting. 

c. The hub frame assembly c:i.n now be lifted clear 
of the casting. 

2.4 .7.1 Hub Frame Assembly lnstalla-::ion and 

Adjustment 

a. Put the hub frame onto drive Jnd li ght ly tighten 
mounting screws removed in Srep 2 of Remov:il 
Procedures. 

b. L:itch the hub frame closed. 

c. Position the hub fr:ime until the hub shaft is 
centered in its mounting hole in the hub frame 
Reference figure 3. Now tigh ten the mount ing 
screws for the hub fnme pivot springs. 

d. Check that the door latch assembly does not 
bind i11 the face piate . If binding occurs loosen 
the door latch mounti11g screws and reposition 
until it is free of binds. 

e .. Reinstall the drive PCB . 

r". Check Jnd readjust the index tim ing if drive is 
used in hJrd secto red app! ic:i.t io ns. Refer to 

section 2.--U 7. 

2.4.8 1Nrite Protect Switch Removal 

a. Remove the two mounting screws fo r the 
switch . 

b. Unsolder the brown wire fr om the C terminal 
md the black wire from N/C on ,he swi cc:i.. 

c. After reinstallation adjust per sec tton 2.4. l 9. 

2.4 .9 Index Detector Assembly Ri:!moval 

a. Remove drive PCB. 

b. From connector P-3 extract pins from 5 
(orange) and E ( red). 

c. Remove the ddector mounting screw from the 
hub frame . This will free the detector. 

d. \Vhen installing ;i new assemb ly, 1ns~1re the 
detector mounting block is fl u;h .:g1:nst the 
side of the hub rnme. Reference 1-igure 3. 

e. Re-adjust the index timing per sect io n 2.4. 17. 

~ 
~ ----~=r~I 

81---~ 

o! I C 

F IGURE 3. H U S F R A M E ;..O J1.JST i'/i E1'JT 
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2.4.10 Index LED Removal 

J. Rcmuve the drive PCB. 

b. From connector ?-3 ex.tract :he pins fro m 8 
I bl ue ) rnd J (purp le). 

.;_ R~move the platen from the base casting that 
the LED is mounted to. 

d. Squeeze ,he led mounting block locking tabs 
together ;rnd pres$ the :issembly ou t of the 
mounting hole in the platen. 

e. To re-install, reverse the remov:il procedure 

(. When remount ing the place:1, insure it is tl ush 
with the rnac:i.ine surr":i.ce on the c:istmg. 
Position it later:iily so :1 diskene c:m be inserted 
without binding when the door is closed. 

g. Re-1djust the index timing ;:,er sec:ion 2.-1- .1 7 if 
h:ird sectored. 

2.4. 11 Track Zero Switch Removal 

l. Remove the drive PCB. 

b. TI1e switch is removed by removing its two 
mounting screws. 

c. Un-;older the wires NiC (white) N/0 (yellow) 
wd com (gre~n ). 

d. To reinst:iil, reverse the above procedure. 

e. Re::idjust ,he switch per section 2.-1- .1 5. 

2.4. 12 Head Amplit'.Jde Check 

These checks are only valid when writ ing lnd re:id­
ing back l S described be!ow. If the amplitude is 
below the minimum specified. the ioad pad should 
be replaced and the he:id should be c:e1ned if 

.,necessa ry (Re(ere::ce sectio n 2.4. 21) before re• 
writ ing and re-s:heci<ing. lnsure ,he diskette used 
for this check is noc ··worn "' or otherwise shows 
e'lidence of damage on either the load pad or the 
head side . 

a. [nstlli good media. 

b. Sc:in c:i.e motor. 

c. Sd ::c t the dr ive :ind ste;, to tr1ck 34. 

d. Sy~:c the oscdlo-5-: ope :!X ter n:il on TP 7 
( · !nJ~x). ,;:onnec: one ;,robe to TP-2 ~nd one 
:o TP- 1 • 0n :he drive PCB . Ground the ?robes 
~o ch.e PCB, 1Cd :i nd inve:t one inpuc. s~c •:ol es 
per div ision co 50mv wd time b2se co 20 '.1 
second; per division. 

0 

e. Write th e entire trn,;k with :.JI one·, . 

f. The aver:ige minimum re:id back :i mp licude. 
pe:ik co pe:ik. shou ld be 80 mdiivo lts . 

if a new load p:id does not bring the :irnp!itude to 
the minimum level cry the foil owing . 

l. lnstail a different piece of med i:i 111d :e-,:he::k. 

2. Cneck mocor speed section 2A. I 3. 

3. Make sure you :ire getting an ou tput from both 
TP- 1 1md TP-2. Check with che scope in the 
chop mode. if the probes :ire OK :ind still one 
TP has no output or has !ess outptH chan che 
ocher TP re;,l:ice the PCB. 

• . [f l , 2. & ~ Jre OK ~he he:id :.ind ..:Jrn~ge :.isse:11-
bly will require ,e pl;i.cement. Re(er co sec: ion 
2 .. 4 .~. 

2.4. 13 Motor Speed Adjustment 

1. inst.ii! 1 diskette . start che motor and load the 
he:id. Step co Track I 6. 

b. Turn che poc R-!: ioc:ited on ,he mocor c::in­
trol PCB until the d:.!rk lines on the spindle 
puiley lp!)e:ir mocii:m!ess. for 60 HZ use che 
outside ring of \i11 ,:s for the 50 HZ obserre the 
inside ring. Reference r"i gure 4 . 

NOTE: Tnis adjustment c;i.n be m:ide on ly in rn 
:1re:i where ch,:re is c1uurescent iighc ing. 
Otherwise :efer to :.-U J. ! . 

FIGURE 4. MOTOR S?::O AOJUS7MENT 

2.4 .1 3.1 ,'v1otor S~eed Adjustment (using a 
frequency counter) 

1. lnst::il a SA i 0~ or SA l 24 diskme . st:irt the 
rr.otor ~nd lo:id the he:id. step co Tr~.:'< I 6. 

b. Connect rh :! i"reque:1c y .; ou n( er tnput tu T .P. 7 

(+ Index ) ,.rn the drive PCB. 

c, Adjust pot R- ! 2 !oc:ited on :he moc ur ..: oncrol 
?C3 ,·or 2CC ~! Z ::'J .2 HZ. 

( 
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2.4.14 Read/Write Head Load Button Adj ustment 

:i. Insert SAl24 diskette or any diskette with data 
on tr:ick 34. 

b. CLHHlect oscilloscope to TP I and 2, J.dded 
differentiJ.l!y :ind sync external positive Qn 
TP 7 (+ Index). 

c. Start the motor. 

d. Select the drive :rnd step ca rriage to track 34. 

e. Obse rving read signal on oscilloscope, rotate 
the !oad button counterclockwise in small 
incre:nents ( !0°) until maximum amplitude is 
ubtained. 

2.4 .1 5 Track Z,;ro Switch Adjustment 

a. Remove the PCB from the drive, disconnect the 
head cable but leave the interface rnd drive 
connector inst:ilkd. 

b. Rotate head cam actuator until the cam fol­
lowt:r is opposite the track zero dimple on the 
cam. Reference t·igure 5. 

FIGURE 5. TRACK ZERO POSIT!ON 

c. Adjust the switch so it just makes by moving its 
mounting bracket. 

NOTE: When making switch adjustments insure 
tha t the br:1cket is registered ag:iinst the 
casting and the activaw r is located on the 
45° angled portion on the rear of the c:ir­
ri:ige. Refrr w figure 5.1. 

d. Powc>r up the drive be ing care ful not to sho rt 
out the PCR, and sekct the drive. This will 
encrgia phJsc: ,.\ in the steppa motor . Tne 
dimple shou ld rennin within ±.050 of the cJm 
fo ll owe r and th <! switch should not bre:ik. 

AC TUA TOA LOCA TEO 
ON 45~ SUR FA CE. OF 
CAA Fl 1AG C 

i'l,.1,C£ SCr4E '.'IO.:l lV E~ 
i-•e.'"'E !SC T'.',lf -'-' :3 .:.t~C;<O 
.-1,/\IO C.\Sil~;c1 r o MOVE 
$\'ltrCH TOW.\~0 S?tNGLE 

( fl,.l,.CE Sr::REWO~rVE~ 
\. 1<1EAE i 3E:i ·;: Ee"I :3R.:I.C.<.ET 

.\NO C,.l,.$Tl"'6Gl TO MOV E 
S\Vli'C>-t .Jr.WAY F11QM 
SPINOI..E 

FIGURE 5.1. TRACK ZERO SWITCH AOJUST ,\1 ENT 

e. Step to track l T.P . 8 should go high. [f not 
readj ust the microswi tch. 

f. Step to track 00 T.P. 8 should go low . 

g. If not readj ust ,he microswitch_ 

h. To check switch adiustment using a scope re • 
peative ly step between tr:1cks zero and one. 
Look at TP S (-detect trad; zero ). Tlte step in 
rnd step out time should be e4ual within ± 2.5 tvlS. 

i. Reinst::tll PCB 2.nd plug in the he::cd c:J.b le. 

~ To __ ,..... ___ T I ___ _, 

TP 8 OUT?UT 

To & T 1 SHOULD 8E 2QUAL.:: 2.5 M Sc:C. 

FIGURE 5.2. TRACK ZERO T lM ING 

2.4.16 Carriage Limiter 

a. Unplug the he:i.d c:ible and remove the PCB 
from the drive !e:i.ving the interface :ind PCB 
connector insta lled . 

b. Step to tr:ick zero, leave the dri'le selected. 

c. Position the sroo until it is flu sh with stoo oos' 
( old style) or in · the slo t (new sty le) on the, ' 
carriage assembly . Reference figure 6. Adjust the 
track zero c:im stop horizonc:i l\y and vertically 
until there is .0'20 ± .005 be tween the stoo on 
the acuato r cam and the stepper motor shar't. 
Reference figure 6. 

.020, .cos 

0 ( ,-,~C'.V STYL .: ) 

~ ......____ 5~co0 a ~ .. ~-oR "-.:] , ... . ... r. ·-,v i 

SH;..~j 

F IGURE 6. CARRIAGE L :M ITER A OJUSTM E 0JT 



d. Step to track 34 :ind insure chere ;s c!'earance 
between the cam stop extension and the ste;:,per 
motor ,h.:ift. Rderence fi gure 7. 

e. Re-insc:iil the drive PCB :ind plug in the head 
cable. 

2..4. 17 index /Sector "T'iming Adjustment 

If soft ;ectored, 1Jsing the ! BM ,:ype fo rm:H: 

a. Position the index detector :issembly ,l ush wich 
the regisc r:u ion surrace on the hub frame. 
Re ference fi gure 8. 

b. Position the detector :issembiy in the center o ( 

its mount ing sloe.Tighten the mounting sc:ew, 
R;ferenc: fi g1..1re 84 

·~•.,,s...-,.. ~,..,1 . , .. 
•f c; , ,r••uo- --00..0.l•-C. J 
; .., .,...;., "- 11.pr ~ 

Q_J~ ... 71,0 
&\ 1J'<=:'1 10'LJ' "' I . = , 'I II 

olll::] ,I C 

i= IGURE 3. i NOEX OET':CTOA AD JUSTMENT 

s 

FOR HA.RD SECTORED APPUC.-HIOt'<"S : 

l. Remove the PC 8 Jnd inst:1il the head c:ib le 
extender. l:::ive the PCS and interface con­
nectors instalh:d. Reference ri gure 9 . 

b. Insert Alignment Diskette (SA l 24). 

c. Start the motor and select the dr ive. 

d. Sync oscilloscope. external posit ive, on TP 7 
(+ Index) . Sec time base· co 50 µ.sec / division. 

e. Connect one probe ,o TP I :md the ocher TP 2.. 
Ground probes to the PCB . Set the inputs to 
AC , 1dd :ind invert one channei. Set venic:il 
defle...: ci on to 500 \ IV /division. 

f. Observe ch~ timing bet·.veen the stJrt o( ch e 
;wee;, :ind tho: t"irst dat:i puise. This should be 
200::: !00 µsec . If me ciming is no c within 
colerance , cont inue on wich che :idjustment. 
Reference fi gure l 0. 

g. Loosen the mount ing sc~ew in the Index Detec­
tor block until the asse:nbly is just able co be 
moved. 

h. Observing the timing, 1djust the detector 1.! nt ii 
che timing is 200 :::.50 µ.sec. [nsure chat ,he 
de tector assembly is ag:iinst the registr:ition 
surface on the hub frame. 

i. Tig.hcen the mounting screw . 

J. Recheck. the timing. 

HE~O C.:..3!..: 
iXTENOE;i 
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FlGURE 10. INDEX TIMING 

2.4.18 Head /Radial Al ignment 

0<OTE: Th is adjustment is not normally required 
even on he;id repl:icemen[ due ro tlte SA 
400 pre-:iligned he:id Jnd c:1.rmge assem­
bly , but if th e stepper moto r mount ing 
scrt>ws are .iccidently loosened or if pc1rts 
d:1mc1ge hJs occured or you :i.re ;xperienc­
ing intercha n~e pro blems use the fo llow­
ing pro..:edure to check :ind/o r :idjust the 
head r:idial alignmenc. 

a. Start the molOr :ind sekct the drive. 

b. Lo:id the SA 124 :iligllmen: diske tte. 

c. Step the carriage to tr:ick i 6. 

d. Sync the oscilloscope, externa l posit ive, on TP 
7 ( +CE index). Set the tim-: bc1se to 20 \<!sec 
per division. This will di splay ove r o nt> 
revolution . 

FIGURE 11. HE,<>.O RADIAL ALIGN M ENT 

e. Connect one probe to TP l :ind the ocher co TP 
2. Ground the probes on the PC8 . Set the in­
pu ts to AC, odd :ind invert one ch annel. Set the 
venic:il derle~tion w l00 \ IV/ dcv . 

f. 1l1e cwo i<.1 bes must be within 70% amplitude 
of c::i.ch o ther. ff tltc lobes do 11o t tall within tl1e 
specificatio1, , concinu-: on wi th the procedure. 
Reference fi gure i l . 

g. Loosen the two :nour.tillg screws which mou nt 
the stepper motor to the drive c:i.sting. 

h. Rot:ite the stepper motor to radially move tl1e 
head in o r out. [f the left lobe is less th:m 70% 
of the ri ght , turn tl1e sceppe-r mo to r clo ckw ise 
as viewed fro m the stepper mo cor side of cite 
drive. [f the right lobe is !ess than 70% of the 
le ft lobe, turn the ste pper ;notor coun tcrclock­
wi~e as viewed from the stepper mo tor side of 
the drive. 

1. \I/hen tb.e lobes are of equ:il amplitude, tighten 
the mo tor mount ing scr~ws. Refrrs:nce fi gure 12. 

ee 
GE) 

';VEN ,.l, .\i1P U TUO ~ ! TCQ'!",. I, ON :"RAC:< 

oE) 
oC) 
ee 
-~ \.__/ 

~e--

LEFT BO"'~ OF RIGHT , t 1 Mil OFF TFIACK TOI/IARO iK 0 

LEFT 60"', OF AIGi-+T. • 2 MI L c ;::F TR-l.C K iQW,.\FIQ TK 0 

L':FT4Q"", O F .:;>1GHT , • J ,•.111,..QFF !'RAC:< TQW..l.FIO ':" KO 

RIGHT 30"' .. O F L ::F7, - 1 M ! l O FF TMAC:< ro•,V.J..rlO J~ 

RIGHT so:.. O F L::FT, - 2 ~.lll OFF TR ACK ro ... ·, .:.A O 34 

?. tG~T ,\ Q~, oi= L~F7 _ · ] ,•.~11,.. OFF r R.::.C:<. 7"C ','t.:.MO J4 

F IG UR E 12. HEAD RAOI . .\L A LIG Nt-,\ ENT 

() 



j. C'1eck the 1djustme:H by ste;,pmg ofitr:ick :ind 
ietuming. Check in both directions and re:icijust 
:is rea_'..lired. 

k. \'.'henenr ch: [·k1d R.;;di:ll AJi gnmen t h:i.s been 
:idjusted, th<! c:i.rriage limiter and track zero 
switch adjus:ment must be ched;.ed (Section 
2A.J5 & 2.4 .1 6) . 

NOTE : (Alignment diskette should belt room 
conditions for lC least cwen cy minutes 
before alig.'1ment) . 

2.4.19 Write Protect Switch Adjustment 

a. .\djust :he switc!-1 so that :he :ictuacor •.vill just 
cr:insier the switch when ics point is r1ush :::.!J ! !J 
1,i thin the cop of the groove in che guide r:i.ii. 
Rer·erer.ce t"i gure [ .3. 

i'iGURE 13. "/1/RIT: PROTECT SWITCl-l AO.JUSTMENT 

2.4 .20 Head Load Sail Adjustment 

1. Se!ect the drive to load the head or ground TP 
l 1 (- He:id Lo;id) co .energize the he:id load 
soienoid. 

:i. ,\djust !..he down >to~ scr~w ,o obtain 3/ [ 6" :o 
1/,~ ·• from ~he top flat St!rr'ace of the to1d b:.il 
md che platen. ~efere:1c: figur~ t4. 

c. Check (or a rninimal clearance oi .020 between 
the load bail and the load arm. This check is 
made at track zero J.nd tr:ick 34 with the door 
closed and ~he he:id loaded. 

iO 

:)O:,•,N STOP 
.AOJUSTMENT 

SC~EW / 

•ureN:>Z/ ~~ \ / n--' C0A05AII. 

ls.:)CENOIO 

i'lGURE 14. HE.,:.O lOAO SAil AOJUST~~ENT 

2.4.21 ~eadN/rite Head Cleaning Procedure 

Th~ heo.d shouid ONLY be c!e:ined if ic h:is :in 
oxide build up ,:hat is visab le ,o the n:ikd ,!ye. 
C!e:ining mechod..s :rn d mace~i:i ls a che~ than ·:hose 
tisted c:::n 9em1:1nencly damage the head :ind 
should be ;ivoided. 

! . Lightly d::rnpen :i piece or" cie:in li ntless tissu~ 
wi th [so~ropyl llcohol (use s9aringiy). 

2. Lift ,he !Oo.d arm off :he he:id, being c:m:t"ui no t 
,o couch the [o:id button. 

.). LiglHiy wipe che he:id with che mc is terted ;,or­
tion or" the ,issue. 

4. After the llcohol h:is ,!V:!';)Orated. lighdy po lish 
the he:id ·""t th l ~le :in dry ?ie~: of linliess 
cissue4 

5. Lower the load ~rm onto the he:id. Do 11or fe r ir 
snap back. 
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FIGUR E QTY 
& REF . PART DESCRIPTION PER 

NUMBER NUMBER 1 2 3 4 ASM 

( 1 

DRIVE ASSEM BLY 
1 25060 PCB . DRIVE 1 
2 54070 HUS FRAM E ASSE MBLY 1 
3 54073 DOOR Hl,\JGE 1 
4 10 186 SCRE '."J 6-32 X .1 88 SH 2 
5 54057 STOPO ISK 1 
6 11305 E-RI NG 1 
7 54131 COLL.-sR HU B 1 
8 54132 SPR IN G. CL ,\iv1P 1 
9 54066 HUB. COLLETT 1 

·10 10186 SCRE \V 6-32X. 188 SH 2 
· 11 54136 DETECTOR IN DEX 1 
·1 2 10187 SCREW 6-32X.188 SH 1 
-1 3 • 54032 SPI NDLE 1 
-14 10805 BEAR ING . FLANGED 1 
-1 5 54078 K EEPER . GUID E ROD 1 
-16 10 186 SCRE W 6- 32 X.188 SH 1 
. ; 7 54006 GUIDE ;:;oD 2 
-18 54099 STOP, CARRI A GE I 
·1 9 10186 SCREW 6-32X. 188 SH 1' 
-20 54078 KEEPER GU IDE ROD 1 
·21 10186 SCREW 6-32X. 138 SH 1 
22 54064 SOLENOID ASSMY . H E,C.. D LOAD 1 
23 54 i35 BAIL. LOAD 1 

-24 54003 CAM. ACTUATOR 1 
-25 54055 HEAD & CARRIAGE ASSMY . 1 
-26 54145 LOAD SUTTON 1 
-27 17211 TK 00 SWITCH 1 
-28 10176 SCREW 4-40X .50 SH 2 
·29 10187 SCREW 6-32X.250 BH 1 
·30 10013 '.'/ASHER 

I 
1 

-31 54038 ,V:OUNT TK 00 SWITCH 1 
·32 15655 CONNECTOR P-3 1 
-33 54067 MOTOR & CO NT RO L ASSEMBLY 1 
-34 54047 MOTOR DRI V E 1 
-35 25063 ?CB ,';lOTOR CONTROL 1 
·36 54069 STANDOFF . MOTOR PCB 2 
.37 10191 SCREW 6-32X.50 SH 2 
-38 • 54068 MOTOR , STEPPER 1 

f 

\ __ _ 

.39 10187 SCREW 6-J2X .250 SH 2 
-40 10177 SCREW 4-4 0X .625 SH 2 
-41 54048 BELT , DR IV E 1 
-42 • 54 138 P'JLL': Y. SPINDLE 1 
-43 10804 SEAR IN G 1 

l -44 • 54097 SPACER . LON G 1 

:j 
' .I • l 
i 
1 
l 
{ 
"I 

.45 17212 SWITCH '.'/R ITE PROTECT 1 
-46 54062 NUT PLATE 1 
-47 10166 SCREW 2-56X .50 SH 1 
-48 54137 LEO, INDEX 1 
.49 54125 PLATEN 1 
-50 10189 SCRE W 6-32X.250 SH 1 
-51 54036 CLAM P, PCS 4 
·52 11311 RETAINE9 , CLAM P 4 • . 4 

; 
.53 54077 FA CEPL,C.. TE 1 
.54 11900 6-32X .250 F .H. 2 

;l 
:1 
1 
. .t 
·1 
, J 

.55 10013 WASHER 1 
·56 12501 'NA SH=: R 1 
.5 7 15663 F,.'..STON 1 

1 
.{ 
·-; 

.53 11 312 ACT IVI TY LIGHT HOLDER 1 

.59 15915 LED ACTI ·/I T Y LIG HT 1 
·, .. ·60 • 34039 GU I DE •): SKf'TTE R.H . 1 

-6 1 ' 54 090 GUIO~ DISK ETTE L. H . 1 , 
., ' NO T F i ':LO 9E ? LAC EASL E 

I 

·' 
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PART 

I REF . I I 
PART 

NUMBER NUM BER I REF . 

54089 ~ ( 
100 13 55 54090 61 
10 166 47 54097 44 
10 i iG 23 54099 18 
10177 '10 5412S 49 
10186 4 54 131 7 

10 54132 8 
12 54135 23 
16 54136 11 
13 54137 48 

21 54138 42 
10187 I 12 54145 26 

'"'0 ,_ 
39 

10189 50 
10 191 37 

I I 
,,. 

10804 c.3 
I I 

; 

10805 i4 \ 
11 305 s 
113 11 52 
11 312 S3 

11 900 54 
12501 ~-

:JO 

15555 32 
15663 57 

I I I I 
( 

177. 11 27 '-. 
17212 45 
25060 1 
25063 35 I 
54003 24 

54006 17 
54032 13 
54036 51 
::4038 31 

I I I I 
I' 

54047 ,, - f _ ... 
\ .. ::4048 41 

54055 25 
I 54057 5 

54062 '16 

540G4 22 
54065 36 
5-10-iG 9 
5.10 ,-:: 7 33 
54063 38 
:;4070 .., 

" 
54073 3 
5..\077 53 
S~07S ' :: , _ 
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DESCRIPTION 

General 

The Il lustrated Parts Caulog is :manged so th Jt the 
figures precede the pJrts listings and will be o n the 
opposite p;ige. 

The dr ive assembl y is co ntained on a single page. 
Sub assemblies will be se pJrated by a suiid li11e 
Jnd are broken down on this page . 

1 ndented Level 

The p;irts list is indented tll show the levels of 
Jssembly w1th1n :i fig ure . The m::3or assemb ly will 
JI ways be level I. all p;irts or Jssemblies th:H anach 
to thJt assembly will be level 2 :ind assemblies 
with111 level 2 will have their :it taching parts level 3 
1nd so on. 

Pans Replacement 

Some parts and Jssemblies :i re not fi e!d replace­
ab le . These will be noted by an as ter isk" and a 
foo tnote . These part num bers are inc lu ded so they 
c:rn be ordered fo r facto ry J.nd/or repair ce nters. 

Quantity Per Assembly 

The quantity listed is the quant ity used on the 
asse mb ly. 

Numerical Index 

The numeric:i l index lists all parts in part number 
sequence and is cross referenced to the figure and 
reference number. · 
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