























































































































































































































































































































































































































































































































































































































Magnetic Recording

Front Back

Front Back

Figure 9-53. Head/arm assemblies—circa 1974

Actuator

The actuator is the device that supports and moves the read/write heads. The actuator
consists of the carriage, (on which the fixed arm is mounted), actuator housing, and a
method to move the carriage. The method most commonly used today is voice coil.
(See figure 9-54.)

9-62



Introduction to Heads

( [ S ) Head cam

AN AR E ;—w
|
0; Partial head
m complement Actuator-carriage
™S~ shown retracted
i: Head/arm
receiver
S N Carriage and bearing
\\\\ \ © © ] assembly
NI
L 2 o :) -
( S N Actuator
Tﬂ ,~~ housing
A W .Y - Positioner 3 ,\L_l
s P
\\ Stop assembly =
\\ \ Y Stop rod (2) T
o —— A T .
/Extensuon rod Partx::l head Actuator-carriage
LKA Stop plate complement extended
- shown
= — -
N\ G)
|

Figure 9-54. Actuator assembly elements

The forward and reverse movement of the carriage on the carriage track is controlled by
a servo signal. The positioner is free to slide in and out of the actuator assembly. Fas-
tened to the positioner is a head/arm receiver which holds the read/write heads. The
head/arm receiver is mounted on the carriage and bearing assembly, which moves along
the track on bearing-type rollers. Movement of the positioner, in or out, creates the
same motion in the entire carriage assembly. This linear motion is the basis for position-
ing the read/write heads to a particular track of data on the disk pack.
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This activity discusses each component in a read/write head and explains how the com-
ponents interact. The function of each component is described in detail.

The following components make up a read/write head:

® Magnetic core
® Head pads

® Gimbal spring
® Floating arm

Magnetic Core

The magnetic core is the smallest component in a head/arm assembly. The core is also
one of the most important and secretive assemblies in a disk system. It is the device that
writes or reads data on the disk media. Figure 9-55 shows some of the cores used in the
past years; note the size differences of these cores.

— 975X—1972
 9425-1970 7
F (Cl1)

Std. file—1966

R/W erase - 9740-1970 9780—1974

Adv. file—1968
- 8441971

~ MMD & DMD pad

9482—-1969 - 97421971
- s

A

.
9736—1970 Drum—1971

Figure 9-55. Magnetic cores
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The magnetic core is a thin slice of ferromagnetic material which is slightly circular or
horseshoe shaped. Several turns of 40-gauge, enamel coated wire are wrapped, bifilar
fashion, around one side. This “coil” is center tapped thus forming three leads. The
plug and cable assembly is connected to the three leads. Figure 9-56 shows one of the
latest styles.

Bifilar windings — center tapped 1 2 3
40-gauge wire. = PO DR |
all : o
e : rver . Side view
C" section —__ | L —— "'I"" section

. ,
Th?oat _’{ |‘_ e

length
height

{

Gap
width

1

Figure 9-56. Read/write core

Bottom view

The combination of the coil and core form the transducer. When write current flows
through the transducer, the coil generates magnetic flux. If enough current flows,

the magnetic flux saturates the throat height. This flux leaks or spreads out at the gap,
thereby causing the flux to go down into the media. This saturates the media. The flux

then comes up through the “I”” section and completes the magnetic circuit (see figure 9-
9-57).

8

/ Core
/ Media

Figure 9-57. Saturation path
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Throat Height

The throat height determines the amount of saturation current that is required in the
coil. The thicker this gap is, the greater the write current required for a fixed number of
turns. This increased current is necessary to force the lines of flux into the media. The
nominal throat height dimensions are one microinch to several mils.

Gap Length
The gap length is one of the factors that determines the bit density of the disk drive.

The narrower this length is, the higher the available bit density is. The nominal gap
length dimensions range from 30 microinches to 110 microinches.

Gap Width
The gap width is one of the factors involved in determining the track density of the disk

drive. The narrower the width is, the higher the available track density is. The nominal
gap width dimensions range from 1 mil to 2.3 mils.

Head Pads

The completed core is securely mounted in the head pad. The head pad is made of non-
conductive, nonmagnetic material. The function of this device is to position the R/W
core at a fixed height from the media, without contacting the media.

As with the cores, the head pad has changed over the years. Figure 9-58 illustrates some
of these changes.
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Figure 9-58. Head pads

Today, there are basically two types of head pads, these are called the crown pad and
taper flat pad (see figure 9-59).

J_ Crown pad Taper flat pad
Rotation v Rotation _LL
—le e Dome shaped e
Disk | Disk
130 to 200 uinch 200 to 400 uinch

Figure 9-59. Head pads

Stabilization

The head pad acts as a dynamic air bearing. The head pad and gimbal spring allow the
head core to pitch and roll as the disk requires.

Pitch is the up and down motion of the front and back edges of the pad. Roll is the up

and down motion of the sides of the pad. Yaw is the horizontal rotational motion of
the pad around its pivot point (see figure 9-60).
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Pitch Roll Yaw
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S = o
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Figure 9-60. Basic pad motions

One method employed to lower the flying height of the head pad is the use of spoiler
holes. Spoiler holes are holes placed in the head pad in several locations; the spoiler
holes allow pressure release. These holes bleed off the air bearing pressure and lower the
flying height of the head. However, as mentioned before, improper preventive mainten-
ance allows dust and dirt to accumulate in these holes which decreases their efficiency.
No attempt should be made to clean these holes without complete removal of the head/
arm assembly, and then, only if that procedure is recommended by the disk manu-
facturer. The reason for this is that the dust becomes tightly packed and there is no
room between the heads to vacuum or blow them clean and the use of a solvent would
only loosen part of this dirt and smear the rest over the surface of the head pad/core.

Core Location in the Pad

The core should be as close as possible to the media. Therefore, the core is designed to
be at the closest point between the pad and the disk surface.

In order to maintain maximum saturation of the media, the read/write core must main-
tain this close proximity to the disk. As the air pressure comes into the head pad, it
tends to lift the pad (see the pitch view of figure 9-60). This places the back section of
the taper flat pad closest to the disk. Therefore, the location of the core is in this area
(see figure 9-61).

Pivot point

Disk surface

Figure 9-61. Core location—taper flat pad
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However, in the crown pad, this placement becomes slightly more difficult. The core
location on this pad is more dependent on the air pressure and rotational speed. As
these increase, the tilt angle of the pad also increases; thus, the closest point can cover a
wider area (see figure 9-62).

Pivot point

Pitch (
———
Disk \
‘ Closest point

Figure 9-62. Core location—crown pad

During the design of a new disk system, fhe head pad air bearing is analyzed on a
large-scale computer.

The computer calculates the pressure/surface variance of the head pad. This operation
requires several hundred thousand memory locations.

Once the head core is assembled in the head pad, it is mounted on a gimbal spring.
Gimbal Spring

The gimbal spring is an extremely flexible piece of metal that attaches the head/pad
assembly to the floating arm assembly (see figure 9-63).

Figure 9-63. Gimbal spring
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This allows the head/pad assembly flexibility of movement in two planes (pitch and
roll).

Floating Arm

The floating arm is designed to maintain a constant loading force. This loading force
acts in the opposite direction of the air pressure to prevent excessive disk/head clearance.
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This activity introduces disk drive suspension systems.

To prevent destruction of either the disk pack or head/arm assemblies, the suspension
system of the head/arm assembly must be carefully designed.

You can begin to understand the complexity of the design of the suspension system by
considering the following points:

The slightest contact with the media surface by the R/W head could destroy the
media. ‘

The R/W head is flying above the surface of the media at a distance equal to
1/60 the thickness of a human hair.

The speed of the media is in excess of 100 miles per hour.

The head/arm assembly must be able to start from a dead stop, move several -
inches, stop, and process data within a matter of milliseconds.

The head/arm assembly must be able to track the media surface regardless of
the distortion due to these excess speeds.

The head/arm assembly must be able to track the media surface regardless of
any imperfections existing in or on the media.

The combinations of movements by all head/media components could reach the
resonant frequency of one of them. This would cause vibration, which could be
catastrophic.

Suspension System

The suspension system in the disk drive consists of a floating arm and air bearing pres-
sure. (Air bearing pressure is covered in another activity.)

The equivalent circuit of the suspension system is shown in figure 9-64.
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Fixed arm

Floating arm spring

M M = Mass = Weight of floating arm
and weight of head

Air bearing pressure

Media

Figure 9-64. Equivalent circuit

An analogy of this is the car suspension system (see figure 9-65).

Frame
4

Spring
Tire

Wheel

Air pressure
Figure 9-65. Analogous circuit

The intent and purpose of both of these circuits is to smooth out the ride. One circuit
tracks the surface to avoid contact and destruction while maintaining accurate data pro-
cessing. The other circuit tracks the surface of the road to remove obstructions to the
ride, thereby making it more enjoyable.
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Floating Arm

The floating arm is a very light material which is connected to the fixed arm by means
of a flexible spring. The earlier disk systems used an arrangement in which the spring
was attached to both the flexible and fixed arms (see figure 9-66).

Figure 9-66. One-piece floating arm/spring

This spring may have been shaped in the floating arm as shown in figure 9-66 or it may
have been a separate component as shown in figure 9-67.

Figure 9-67. Two-piece floating arm/spring

As technology improved, so did the arm assemblies. Today, most of the mass of the
flexible arm has been removed. The spring is a coil type mounted just behind the head/
pad assembly (see figure 9-68).
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Figure 9-68. Present arm assemblies

Floating Arm Operation
As you can see in figure 9-68 the head/pad has three planes of movement:

® X axis
® Y axis
® 7 axis

The major difference between the early assemblies and the present assemblies is that the
total mass (M) is much lighter. This lighter mass, or weight, allows the head to fly closer
to the disk surface because it has a faster response time to movement. This is particu-
larly true of the Z axis.

If an extremely small imperfection existed in or on the media, on either side of the X
axis, the head pad would respond in the X axis plane by means of the gimbal spring.

If an extremely small imperfection existed in or on the media, in the center of the head
pad assembly, the head would respond in the Y axis plane by means of the gimbal
spring.

If either of the above imperfections was slightly larger, or if the disk was not perfectly
flat, then the head arm assembly would respond in the Z axis.
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It is possible to have rotation about the x axis and the y axis and movement along the z
axis all at the same time.

Resonant Frequency

All material has a natural frequency of oscillation. When this oscillation responds to
an impulse of the same frequency, it is said to be in resonance.

It is also possible for oscillation to result from periodical impulses that are not the
natural frequency. This is generally called forced oscillation.

As you know, when the head/arm tracks the media surface, it is oscillating. If the media
is extremely irregular, it is possible to meet the resonance of the head/arm assemblies.
When this happens, control of these becomes difficult and they amplify the vibrations.
Because the media is the closest contact, head crash results; if the media were not there,
the system could destroy itself. An example of self-destruction is a crystal goblet,
which, when the resonant frequency is reached, shatters.

Damping

Damping is a method used to help cut down on the resonance effect. An example of
this is the shock absorber on a car. There is some natural damping built into the disk
system at the time it’s manufactured; however, if excessive damping was added, the
response of the head/arm would be affected. Therefore, this damping is minimal, and,
as noted before, preventive maintenance and care when handling the media are required.
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Some fixed disk systems allow the heads to make contact with the media when the
system is not in operation. This is accomplished by either moving the heads to the outer
edges where there is no data, or, by applying a thin coating of a lubricant to the media.
This lubricant is so thin that it does not impair data read/write, yet it prevents contact
with the data track.

This activity deals only with the systems that have removable media and require the
heads to be out of the way.

The read/write heads must be loaded to the disk surfaces before exchanging data with
the controller. The heads must be removed (unloaded) from this position and driven
clear of the disk pack when power is removed from the unit, when the disk pack veloc-
ity falls below a predetermined level, or when commanded to by the control logic.
Remember, it is this velocity that keeps the air pressure high enough to allow the heads
to fly. Two basic methods have been employed to load the heads, torsion arm and cam.

Torsion Arm

The torsion arm is not widely used today, in most cases it has been replaced by the cam
method.

The head loading mechanism applies sufficient pressure to the read/write heads to hold
them to within the 120 microinches of the disk surface (see figure 9-69).

Disk Approx. 120u in.

~ { (heads loaded)
surfaces ?
é Read/write

heads -

60

A Torsion
arms

Figure 9-69. R/W heads and torsion arms with associated gears

Torsion arm
loading gears :

| SUS— )
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This loading mechanism consists of the head loading cam, cam latch solenoid, cam
release lug washer and spring, cam follower, center torsion and cam follower rod, the

heads-loaded latch solenoid and switch, torsion arm gears, and the torsion spring (see
figure 9-70).

Head-oading Heads-loaded switch

torsion springs
\ Jering Heads-loaded
’ - latch solenoid

\ J
i;r—_T‘_'.T ] L 0 = (e .

S5

) & _ " . ) ey 7 \
[ "~ Heads-loaded latch ass'y
' L [

Center torsion and
cam follower rod

Cam latch solenoid

Head loading cam

Torsion arm
loading gear

I
———

- _\—" E=cam latch ass'y

Cam release lug washer
& spring ass'y

Heads-loaded

latch arm Fixed bearing

Thrust washer

Figure 9-70. Head loading mechanism
When the power is off, the heads are retracted and unloaded to facilitate installation of
a disk pack. When the power is turned on and the disk pack is UP TO SPEED, the heads

are moved forward into the area between disk surfaces. Loading pressure is then applied.

Figure 9-71 shows a simplified head loading diagram.
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Figure 9-71. Simplified head loading mechanism

When power is sequenced up, the head loading cam is moved into a locked position by
the cam latch solenoid. As the carriage moves forward, the cam follower rides the cam
surfaces and rotates the center torsion and cam follower rod 60 degrees. This rotation is
imparted through the middle torsion arm gear to the four remaining torsion gears.

A torsion arm, mounted to each gear, is connected between a pair of heads. By rotating
the arm, one head is forced downward toward one disk surface and the other head is
forced upward toward another disk surface. '

At the end of the 60-degree rotation, the heads are loaded and the heads-loaded latch
engages the center torsion and cam follower rod, locking it in place. The heads-loaded
latch also transfers the HEADS-LOADED switch, which releases the cam latch solenoid.

The heads will remain loaded until power is lost or turned off. When power is turned
off, the heads-loaded latch will release the center torsion and cam follower rod, allowing
the heads to slowly unload under control of the air damper.

Cam Loading

Head loading amounts to allowing spring pressure of the floating arm (part of head/arm
assembly) to move the aerodynamically shaped head face toward the related disk sur-
face. When the cushion of air that exists on the surface of the spinning disk is encoun-
tered, it resists any further approach by the head. Spring pressure is designed to just
equal the opposing cushion pressure (function of disk pack rpm) at the required height.
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As a result, the head flies. However, if the spring pressure exceeds the cushion pressure
(as would happen if the disk pack lost enough speed), the head stops flying and contacts
the disk surface. This could cause damage to the head as well as the disk surface.

To prevent damage to the heads and/or the disk pack during automatic operation, load-
ing occurs only after the disk pack is up to speed and the heads are over the disk sur-
faces.” For the same reason, the heads unload automatically and are retracted if the disk
pack rpm drops out of tolerance. During manual operations, heads should never be
loaded on a disk pack that is not rotating.

The floating arm (figure 9-72) is designed to maintain a constant loading force. While
the heads are retracted, head cams on the actuator housing bear against the floating arm
cam surfaces. The cams support the loading force and hold the heads in the unloaded
position. As the carriage moves forward, the floating arm cam surface rides off the head
cam just after the read/write heads move out over the disk surface. The loading force
moves the head face toward the air layer on the surface of the spinning disk until the
opposing forces balance.

Floating arm

Unflexed profile
of head assembly

™~ Cam surface Fixed arm
. Carriage
. Read/write Cam \ Heads unloaded — cam
Dual surface disk head (part of head cam)/\’—‘ﬁ"ﬁ surface on each head
. (1 i | /
(part of disk pack) Ut . assembly rides on cam
-~ e
g .f when carriage is
 S— - T retracted. Read/write
/,L 1 .___}\ 1 head face moves clear
of disk surface.
Head cam secured to actuator housing
\ / Heads loaded — cam surface
l'r"'""i T on each head assembly rides
= 7 - m— — off cam as carriage extends.
I=—E_=_?§‘_ . Spring force of floating arm
™ J T moves read/write head toward
~b ~wd R . .
Cushioning layer of air | disk surface until opposing

force of air layer cancels

exists on surface of )
force of floating arm.

spinning disk. Head gimbals
compensate for disk variations.

Figure 9-72. Head loading
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The heads loaded switch status reflects the state of the read/write heads (loaded or un-
loaded). This status is used in the logic chassis and power supply. The switch mounts
on the carriage track and is transferred by carriage motion. Whenever the carriage is
fully retracted, the switch state reflects the unloaded status of the heads. As the car-
riage moves forward during a power on/first seek, the switch transfers at a point within
about 0.1 to 0.2 inch forward of the retracted stop. This switch status remains
unchanged until the carriage is retracted to the same position and, as such, does not
precisely indicate the loaded/unloaded-status of the heads.

Head unloading occurs whenever power ,t,:é the unit is removed or disk pack rpm drops

below tolerance. Either event drops a speed enable signal to the logic. This causes the

voice coil to drive the carriage in reverse from its current location toward the retracted
stop. As the carriage retracts, the cam surfaces encounter the head arms and each head
rides vertically away from the related disk surface. The carriage continues back to the

retracted position and stops.

Figure 9-73 shows the head/arm assembly motion.
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by pivoting about @ i . Cam leaves cam
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Figure 9-73. Head/arm assembly motion
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Actuator Assemblies and Carriage Motion

Disk storage devices with movable heads need an actuator assembly to move the heads
and position accurately. There are several different types of actuator assemblies; some
that are still being used are no longer manufactured. Some actuators move the heads
in a linear motion and others rotate the heads across the disk like a phonograph arm
across a record. This activity gives functional descriptions of five different types of
actuator assemblies and characterizes linear and rotary head motion.

Actuator Assemblies

Hydraulic Actuator

The hydraulic actuator used a hydraulic piston and cylinder assembly to move the car-
riage on which the heads were mounted. Disk storage devices with hydraulic actuators
are no longer manufactured, although some may still be in use. See figure 10-1 for a
simple functional diagram of a hydraulic actuator.

Figure 10-1. Hydraulic actuator
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Movable Heads

Head Movement

- To move the heads in and out over the disks, the carriage is attached to a hydraulic
piston. Qil flow from a hydraulic pump is regulated by flow volume control valves and
directional valves to move the piston in and out. Servo control logic circuits interpret
instructions from the disk controller and operate the flow control valves. A rack and
pinion arrangement rotates a glass disk with etched lines; each etched line represents a
track on the disk and an optical transducer reads the lines as they rotate by, sending
that information to the servo circuits. When servo control logic senses that the heads are
in the desired position, the detent latch is set into the teeth of the rack, locking the
heads on track.

Fluid to Piston Control

Hydraulic actuators use two means of controlling the flow of fluid to the piston. One
means, referred to as the “bang-bang” control, uses several flow valves, each with its own
rate of flow. When the drive unit receives instructions to move the heads, all valves

open at first, thereby accelerating the carriage. As the optical transducer counts tracks
passing by and the heads come closer to the desired track, the valves close one at a time.
This reduces the flow of fluid, and the speed of the carriage, until the heads are in posi-
tion. Servo control logic then actuates the detent latch, locking the heads on track.

The other means of controlling fluid flow to the piston is proportional control, which
uses one variable flow control valve. This method starts the heads moving with the valve
wide open, and, as the heads approach the desired track, the flow control valve gradually
shuts down the flow. Proportional hydraulic actuators are also used on position and
velocity transducers. Servo control circuits use the position and velocity information

to control the flow of fluid to the hydraulic piston.

Disadvantages
The hydraulic actuator became obsolete because its upper TPI (tracks per inch) limit was

about 100 TPL. It also required a bulky, complex system of hydraulic pumps, pipes, and
valves which added to the cost, size, and repair problems of the storage device.

Printed Circuit Motor Actuator
The printed circuit motor actuator used a high-speed rotary motor and a rack and pinion
arrangement to move the carriage in and out. Printed circuit motor actuators are no

longer produced. See figure 10-2 for a simple functional diagram of this type of
actuator.
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Figure 10-2. Printed circuit motor actuator

Head Movement

To move the heads in and out over the disks, the carriage is attached to a rack gear. A
printed circuit motor rotates the pinion gear back and forth, moving the rack and car-
riage. A printed circuit motor is capable of quick acceleration and deceleration. Servo
control logic circuits interpret instructions from the disk controller to regulate voltage
going to the motor. The motor also rotates a glass disk with etched lines; it acts as a
timing disk to indicate the position of tracks on the storage disks. An optical transducer
senses the etched lines, then feeds that information back to the servo control circuits.
When the circuits sense that the heads are over the desired track, the detent latch is set,
locking the heads on track.

Disadvantage

Like the hydraulic actuator, the printed circuit motor actuator was limited to about 100
TPL
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Linear Voice Coil Actuator

The linear voice coil actuator utilizes the principle that by applying current to a coil
within a magnetic field, the coil moves in or out of the field, depending on the polarity
of the current applied to the coil. The voice coil actuator represented a major advance
over the hydraulic and printed circuit motor actuators and is the mechanism used in

- virtually all disk storage devices with movable heads manufactured today. See figure
10-3 for a simple functional diagram of a linear voice coil actuator.

Rail
bearing

Head arm

/

Permanent

magnet
assembly /’é\

bearing

Figure 10-3. Linear voice coil actuator

Head Movement

To move the heads in and out over the disks, the carriage is attached to a coil of wire
called the voice coil. (It is called a voice coil because it is similar to the coils in the backs
of permanent magnet speakers.) The voice coil moves back and forth within the air gap
of a powerful permanent magnet; the magnet generates a strong magnetic flux across the
air gap. Electric current moving through the coil interacts with the magnetic field across
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the gap, generating a force on the coil which is capable of moving the carriage and the
heads. Direction and velocity of head movement is directly proportional to the polarity
and amount of current moving through the coil.

Current is supplied to the voice coil by a power amplifier which amplifies low voltage
signals from the servo control circuits. The servo control circuits rely on instructions
from the disk controller and feedback information on head position and head velocity
to generate control signals going to the voice coil. The voice coil also acts to hold the
heads on the correct track.

Advantages

The voice voil actuator has several advantageous characteristics. It has only one moving
part, the coil, compared to the many moving parts in the hydraulic and printed circuit
motor actuators. There are no touching parts and no friction in the actuator itself,
although the carriage rides on rails and bearings. These two features make the voice coil
actuator quicker and more reliable than previous devices. The voice coil also has very
quick response and is much more accurate than other actuators. TPI figures now reach
to almost 500 TPI and may go further because of the accuracy of the linear voice coil.

Rotary Motion Voice Coil

The rotary motion voice coil actuator uses the same electromagnetic principle as the
linear voice coil except that the heads are moved in an arc across the data tracks in the
same manner that a phonograph arm moves across the tracks of a record. Rotary motion
voice coil actuators are often used on fixed pack disk storage devices. Once thought of
as a replacement for linear voice coils, rotary motion voice coil actuators are now taking
their place in specific applications in the disk storage field. See figure 10-4 for a simple
functional diagram of a rotary motion voice coil actuator.
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Figure 10-4. Rotary motion voice coil actuator

Head Movement

The heads are mounted on a carriage which pivots back and forth across the data tracks
like a phonograph arm. However, the data tracks are still circular, not spiral like phono-
graph record tracks. A rectangular voice coil is mounted on the end of the carriage
opposite the heads; the voice coil fits over a strong permanent magnet and supplies force
to the end of the carriage in the same way that a linear voice coil operates. The rotary
voice coil has circuitry similar to a linear voice coil and is controlled in the same manner.

Advantages/Disadvantages

The primary advantage of the rotary voice coil is its lower cost than linear voice coil
mechanisms. The bearing arrangement supporting the carriage/arm is simpler than the
bearing/rail arrangement supporting the carriage of a linear voice coil. However, this
same bearing arrangement makes the rotary voice coil slightly less accurate than a linear
voice coil, reducing the number of tracks per-inch that can be recorded.

10-6



Actuator Assemblies and Carriage Motion

Stepper Motor Actuator

The stepper motor actuator, at first, seems to be a step backward in actuator technology
because it uses a motor and gear arrangement to move the carriage and heads. It is rela-
tively slow and inaccurate. However, when used with a floppy disk, it is a very appro-
priate technology for low-cost, low-capacity disk storage. See figure 10-5 for a simple
functional diagram of a stepper motor actuator.

Stepper
motor

Figure 10-5. Stepper motor actuator

Head Movement

The stepper motor itself is the key element of this type of actuator. When the motor
receives a control signal or pulse, it turns only a specific number of degrees, and it will
turn the same number of degrees for each pulse it receives. The motor turns a lead
screw, which in turn moves the head in and out; for each pulse, the head will move only
a specific distance, usually one track. In this way, the servo control logic for the stepper
actuator moves the heads a specified number of tracks simply by sending the same
number of pulses to the stepper motor.
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The lead screw arrangement produces linear motion; other types of stepper motor
actuators use a rack and pinion arrangement to produce linear motion. A later model
stepper motor actuator produces rotary motion by wrapping a taut metal band around
a wheel attached to the stepper motor. As you can see in figure 10-6, when the wheel
pulls the band back and forth, the head is pulled back and forth in a rotary motion.

Head Head arm
motion

Carria
Head : arnage —

Pivot bearing

™~

Band motion Stepper motor

\ /_( rotation
<t

Wheel
CE

Figure 10-6. Rotary motion produced by band mechanism

Metal
band

Stepper
motor

Advantages/Disadvantages

The primary advantage of the stepper motor actuator is its low cost. Its mechanism is
relatively simple and the logic circuits needed to control it are far simpler than those
required to control voice coil actuators. However, its slow access time and poor
accuracy limit its use to floppy disks where cost, not speed and capacity, is the impor-
tant factor to the customer.
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Carriage Motion

The actuators described above illustrate two types of carriage motion: linear and rotary.
Linear motion actuators, such as the hydraulic, voice coil, and some stepper motor
actuators, move the heads straight in and out of the disk pack. The rotary motion voice
coil and some stepper motor actuators swing the heads in an arc across the disk tracks.

Each type of motion has its own characteristics and advantages. Actuators relying on
linear motion can generally use sturdier carriages on which many heads can be mounted.
Disk storage devices using four, five, or more disks per pack generally use linear actuators
because a rotary actuator for that many disks would tend to vibrate at such a low
natural frequency that it would impair the positioning accuracy. With linear actuators, the
heads always maintain the same angle with respect to the track. However, with rotary
actuators, the heads are always changing their angle with respect to the data tracks, com-
plicating read and write methods.

Rotary motion actuators are more compact than linear motion actuators and require
less space outside the disk pack. Linear guide rail motion actuators require long,
extremely straight bearings for the carriage to ride on while rotary motion carriages ride
on a simple set of bearings placed between the heads and the voice coil.

Summary

There is a wide variety of actuator mechanisms that move the heads on disk storage
devices, although the types most widely used now are the linear motion voice coil and
rotary motion voice coil. Stepper motor actuators are common in low-cost, low-

capacity floppy disk devices.

The actuators rely on two types of carriage motion, linear and rotary. Each type of
motion has its own advantages and disadvantages.
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Velocity Transducer

A seek operation on a modern disk storage device is a complex procedure; there is more
to it than simply moving the heads from one cylinder to another cylinder. Efficient
operation requires that the device perform seek operations as quickly as possible to
reduce access time. But the velocity of the heads and carriage must be closely moni-
tored and regulated to prevent the inertia of the carriage from carrying the heads
beyond the desired cylinder. To accomplish this, all disk storage devices, except those
with stepper motor actuators, need some kind of velocity transducer. This activity
describes the basic concepts behind velocity transducers and identifies two types of
velocity transducers.

Basic Concepts

Modern disk storage devices rely on proportional control to reduce access time to a
minimum. Proportional control means that for a seek of any number of cylinders, there
is an ideal velocity curve that involves rapid acceleration of the carriage, then smooth
deceleration, stopping the heads on the desired cylinder. Figure 10-7 illustrates such a
velocity curve. The curve is designed by considering the mass of the carriage and capa-
bilities of the actuator and its associated electronic circuitry. At any point on the curve,
the heads are traveling at optimum speed.

Coast at
Velocity maximum
velocity Decelerate smoothly
/ - and stop on
Q}cvlinder
Accelerate Time
rapidly from
stopped position

Figure 10-7. Velocity curve

The desired velocity curve is generated by servo control circuits in the disk storage
device. During a seek operation, the velocity curve is represented by a voltage level that
indicates what the velocity of the carriage should be during each portion of the seek.
The velocity transducer generates a voltage level that is proportional to the velocity of
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the carriage. By comparing the desired velocity voltage and the actual velocity voltage,
the servo control circuits can tell if the carriage needs to be accelerated or decelerated.
If the desired velocity voltage is greater than the actual velocity voltage, current is sup-
plied to accelerate the carriage. If the actual velocity voltage is greater than the desired
velocity voltage, meaning that the carriage is going too fast, braking current is applied to
the actuator.

Disk storage devices that use the servo disk/servo head position transducer have an addi-
tional use for the velocity transducer. Not only is it used for velocity control during the
seek, but it is also used to dampen movement of the heads once they are on cylinder and
following the track.

As mentioned above, velocity transducers have one simple, basic characteristic: the
voltage they produce must be proportional to the velocity of the carriage. This means
that the signal level must increase as velocity increases and must change polarity when
the direction of the motion changes. There are two types of velocity transducers: the
linear velocity transducer and the electronic tachometer.

Linear Velocity Transducers
Linear velocity transducers rely on electromagnetic principles to measure the velocity of

the carriage. They consist of a thin, pencil-shaped permanent magnet which moves
freely within a long coil of wire. Figure 10-8 illustrates this relationship.

Output
To
carriage
Magnet W'r_e
coil

Figure: 10-8. Linear velocity transducer concept

As the magnet moves within the coil, its lines of flux induce voltage in the coil. This
voltage is proportional to the velocity of the magnet and it changes polarity when the
magnet changes direction.

The magnet is linked to the carriage and travels with it. On linear voice coil actuators,

the velocity transducer is sometimes mounted within the voice coil itself. With other
types of actuators, the transducer is mounted elsewhere on the deck.
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Electronic Tachometers

Electronic tachometers do not use a separate, mechanical transducer to actually measure
the velocity of the carriage. Rather, they have circuitry that inputs 1) the current level
being supplied to the actuator, and 2) the position signal. The circuits interpret these
two inputs and produce a voltage that is proportional to the velocity of the carriage.

The output of the electronic tachometer is functionally identical to the output of the
linear velocity transducer. Figure 10-9 illustrates the inputs and outputs of the electronic
tachometer. Although the electronic tachometer could conceivably work with any
actuator that has a position transducer, it is almost always used with disk storage devices
that have a voice coil actuator and servo disk/servo head position transducer.

Current
supplied QO——
to actuator
Output
Electronic O proportional
tachometer to carriage
Signal from velocity
position
transducer

Figure 10-9. I/O electronic tachometer

The electronic tachometer works by summing the current supplied to the actuator and
differentiating the position signal. Figure 10-10 shows that the velocity of the carriage
is the integral (the result of a mathematical integration) of the current supplied to

the actuator.
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Time

Current
Current applied
to

- Velocity = [ current actuator

Velocity
Velocity of

carriage

Time

Figure 10-10. Current/velocity relationship

However, some small part of the current applied to the actuator is spent in overcoming
friction and windage, but does not produce acceleration. This introduces a small inac-
curacy. To correct this inaccuracy, the slope of the position signal is used to give a
velocity signal near each cylinder crossing that is valid.

Figure 10-11 shows the position signal. The slope of the signal around the null, when
differentiated, gives an accurate indication of the velocity of the carriage.

IQ.

X

~ = Velocity (where X is position)

Position Slope =
+ servo
signal

Q

Figure 10-11. Position signal
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Summary

Velocity transducers are needed to keep carriage velocity at an optimum level during
seek operations and to reduce access time to a minimum. Velocity transducers produce
a voltage that is proportional to the velocity of the carriage and that changes polarity
when carriage motion changes direction. There are two common types of velocity
transducers: linear velocity transducers and electronic tachometers. Linear velocity
transducers measure carriage velocity with a magnet moving in a coil of wire. Electronic
tachometers derive the carriage velocity by interpreting current supplied to the actuator
and position signals.
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In the process of performing a seek operation, the actuator starts by moving the heads
from their present cylinder toward the desired cylinder. However, to position the heads
exactly on the desired cylinder, the servo control logic circuits need constant informa-
tion regarding the position of the heads. This information is supplied by the position
transducer. This activity describes the basic concept behind position transducers and
gives several examples of position transducers.

Basic Concepts

A position transducer does not directly indicate the position of the heads on the disk
pack. Rather, it generates a signal that indicates the position of the heads relative to
one single cylinder. Generally, this position signal is bipolar, so that when the heads are
on one side of the cylinder, the signal is, for example, negative. As the heads cross the
cylinder, the signal goes to zero and then to positive when heads are on the other side of
the cylinder. This type of signal is illustrated in figure 10-12.

Signal
level

Head position

At null level the heads
are directly on cylinder.

Figure 10-12. Cylinder position signal

This bipolar signal can be used two ways: to count cylinder crossings or to keep the
heads on cylinder. Figure 10-13 shows the signal that is generated as the actuator moves
the heads across the disks. : '
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Cylinder crossings

Null /\ : /
level / \/
, Time
and
- / head
Position transducer position
signal

Figure 10-13. Position signals across disk

Each point where the signal crosses the null level indicates the crossing of a cylinder.
Note that it doesn’t indicate which cylinder is crossed. But the servo control logic cir-
cuits can sense the null level and count the number of times it occurs.

At the beginning of a seek operation, a disk storage device usually has the present cylin-
der number and the desired cylinder number stored in its memory registers. From these
two numbers, the device can determine how many cylinders must be crossed to reach
the desired cylinder. The actuator starts moving the heads, and the position transducer
starts generating the waveform (see figure 10-13). Servo control circuits count the nulls.
When the count equals the number of the cylinder that the head must be moved to, the
actuator stops and the heads are locked in position.

Look at figure 10-12 again. If the heads are on cylinder, the position transducer gener-
ates a NULL signal; but if the heads drift off cylinder, the transducer generates cither a
POSITIVE or NEGATIVE signal. Servo control circuits can sense this ERROR signal
and respond by making the actuator move the heads back toward the cylinder. When
the ERROR signal is back to zero, the actuator stops and the heads are back on cylinder.

Essentially, the position transducer generates a signal that varies from one polarity to
another and is null when the heads are directly on a cylinder. This signal can be used to
count cylinder pulses or to keep the heads on cylinder. However, there are several dif-
ferent types of position transducers that generate that signal. -
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Optical Transducers

Optical transducers generally use a piece of glass with a grid pattern etched on it, a light
source, and a light sensor with a mask that matches the grid pattern on the piece of glass.
The piece of glass moves with the carriage, passing between the light source and sensor.
The etched lines on the glass periodically interrupt the light, making the photoelectric
sensor generate a triangular or sinusoidal signal that corresponds to the tracks on the
disk. There are two types of optical transducers: the linear optical transducer and the
rotary optical transducer (see figures 10-14 and 10-15). However, this does not mean
that linear transducers are used only on linear actuators and rotary transducers only on
rotary actuators.

Light
source

Ruled glass

Photovoltaic sensor

Figure 10-14. Linear optical transducer
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Ruled glass
timing disk

Photo electric
sensor

Rack
attached

to Output
carriage

Figure 10-15. Rotary optical transducer

The linear transducer moves directly with the carriage, but the rotary transducer needs a
rack and pinion arrangement to translate the linear movement of the carriage into rotary
motion for the timing disk.

The mask on the moving piece of glass alternately allows a maximum amount of light to
fall on the photocell and then blocks it entirely. By making the midrange point between
the two extremes the null point, the photocell generates the bipolar signal needed by the
servo control circuits. The transducer is adjusted so that the null occurs when the heads
are directly on cylinder.

Advantages/Disadvantages

Optical transducers are low-cost, reliable devices for indicating the position of the heads,
and their associated electronic circuits are simple and inexpensive.

Optical transducers have two disadvantages. First, glass has a different thermal coeffi-
cient of expansion than aluminum, the material used to make the recording disks. This
means that as the operating temperature of the storage device changes, the disk and
transducer will expand at different rates, throwing them out of proper adjustment. This
limits the accuracy of the head-to-track positioning.

Second, since the optical transducer is an external transducer (meaning it is not mounted
on the disk pack itself), the markings on the transducer may not conform exactly with
the cylinders on the disk pack. This is a particular problem when disk packs are moved
from machine to machine, with each machine adjusted somewhat differently.
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Even with these limitations, optical transducers are still used on some low-cost disk
storage devices.

Inductive Transducers

Inductive transducers are frequently called “inductosyns.” Figure 10-16 illustrates the
two parts of an inductive transducer, the scale and the slider.

Slider attached to carriage

Re%S
(‘Q
- Output to
Servo circuits

Conductor
pattern

To 50 kHz
carrier
signal

generator

Figure 10-16. Inductive transducer scale and slider

Both the scale and slider have a printed circuit grid pattern etched onto their surfaces.
The grid of the scale is excited with a 50 kHz carrier signal which has a potential to
induce a signal in the grid of the slider.

The slider moves with the carriage, sliding over the grid surface of the scale. When the

grid pattern on the slider matches up with the grid pattern on the scale, a maximum
signal is induced in the slider. When the lines on the slider lie between the lines of the
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scale, a minimum signal is induced in the slider. As the slider moves along the scale, it
generates the sinusoidal signal needed by servo control circuits to count cylinder cross-
ings. The scale is adjusted so that the nulls will occur when heads cross cylinders on the
disk pack. :

Advantages/Disadvantages

Inductosyns have an advantage over optical transducers in that they can be bonded to
aluminum and have the same coefficient of expansion as the disk pack, making them
more accurate.

However, the device, along with its associated circuitry, is more complex and expensive.
Like optical transducers, inductosyns are external transducers with limited accuracy,
creating problems when disks are transferred from machine to machine. Neither optical
transducers nor inductive transducers can be used to keep the heads on track.

Servo Disk and Servo Head

In the servo disk/servo head system, the position transducer scale is recorded as mag-
netic tracks on an extra disk surface in the disk pack. The transducer pickup is an extra
head mounted on the carriage with the other heads. Since the scale is right on the disk
pack, and the sensor moves along with the heads, the problem of different coefficients
of expansion is eliminated. Also, the scale moves with the disk pack, so compatibility
between machines is enhanced. Given these features, this system is much more accurate
than other position transducers and has enabled the design of disk storage devices with
very high TPI capabilities. Figure 10-17 is a simple, functional illustration of the servo
disk/servo head system.
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‘ Figure 10-17. Servo disk/servo head system

The servo disk has tracks of magnetic pulses recorded on it at the time of manufacture.
There are two different types of tracks, called odd tracks and even tracks, recorded
alternately. The edge of each track is very close to the edge of the other, with only a
very small gap between them. The edge, where two different types of tracks meet,
marks the cylinder where data tracks will be recorded on all other disks in the pack.

On disk storage devices using the servo disk/servo head system, there are several dif-
ferent types of signals recorded on the odd and even servo tracks. Depending on the
pattern of pulses, they are called Dibit, Tribit, or Quadbit tracks. In general, however,
the servo tracks are recorded so that, when read by the servo head, the odd and even
tracks generate signals that are the inverse of the other.

The servo control circuits interpret the signals from the servo head to produce a signal

that is of one polarity when the head is over only an odd track; the signal is of opposite
polarity when the head is over an even track, and is null when the head is directly over
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the edge between odd and even tracks. This is the null needed to indicate when the
heads are on cylinder. Figure 10-18 shows the servo signal generated as the servo head
crosses the servo disk.

+
Cylinder crossings
Time
and
Null head
position
- - Servo signal

Figure 10-18. Servo signals across the disk

As with the other position transducers, the nulls can be counted for cylinder crossings.
But the servo disk/servo head positioning system is extremely accurate. It can keep the
heads on cylinder with very little error. Whenever the servo circuits sense the slightest
variation from null, they can instruct the actuator to correct the error. The disk con-
troller can even instruct a disk storage unit with a servo disk to move the heads slightly
off track, if necessary, to recover marginal data.

Advantages/Disadvantages

Once again, the advantages of the servo disk/servo head system are its accuracy and
excellent compensation for thermal expansion. However, its disadvantages are in terms
of cost. The system requires an extra head and extra disk surface. The circuits that are
required for interpreting the odd and even track signals into a bipolar error signal are
complex and expensive.

Despite these disadvantages, the servo disk/servo head system is very common and
almost universal on high-cost, high-capacity disk storage devices.

Summary

Position transducers are needed to position the heads in the disk pack. In general, they
work by generating a bipolar signal that is null when the heads are on cylinder. The bi-

polar signal can be generated by several types of transducers but the servo disk/servo
head transducer system is the most accurate.
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Disk storage devices are essentially “‘slave units’’—they take instructions from the CPU
through the disk controller. Any unit that carries out instructions from another unit

is called a servo. On disk storage devices, the actuator and its associated electronic con-
trol circuits is a servo because it carries out the instructions to find a cylinder address on
the disk pack.

There are two types of servos: closed loop servos and open loop servos. Open loop
servos carry out instructions without checking to determine if they have performed the
operation correctly. Closed loop servos constantly check their performance to make
sure that the instructions are carried out correctly. ‘

This activity lists the characteristics of both open and closed loop servos and gives
functional descriptions of how each works.

Open Loop Servo

Among the actuator assemblies described in an earlier activity, the only actuator that is
an open loop servo is the stepper motor actuator. Remember, a stepper motor is a
special type of motor that turns only a specific number of degrees each time it receives a
pulse. In a stepper motor actuator, the motor drives a lead screw, rack and pinion, or
wheel and metal band to move the heads. The control logic performs a seek operation
by applying a specific number of pulses to the stepper motor. Figure 10-19 is a simple
block diagram of the stepper motor actuator. It illustrates the characteristics and
functions of an open loop servo.
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Figure 10-19. Stepper motor actuator

The disk controller commands the device to move the heads to the new, desired cylinder;
that cylinder number is placed in a register. The difference register compares the desired
cylinder with the cylinder the heads are presently on. If there is a difference, the dif-
ference register signals the stepping pulse generator to send a pulse to the stepper motor.
The motor steps, in the direction also determined by the difference register, and moves
the heads one track. At the same time, the stepping pulse generator also updates the
present cylinder register so that it continues to hold the cylinder that the heads are
presently on.

Again, the difference register compares the desired cylinder with the present cylinder,
and, if there is a difference, instructs the stepping pulse generator to pulse the stepper
motor and move the heads one track. This continues until the present cylinder is the

same as the desired cylinder and the seek operation is complete.

The key characteristic of this open loop servo is that there is no indication of what the

heads are actually doing. As an extreme example, the heads could have fallen off at the
beginning of the seek, but the stepper would continue to drive the mechanism. Asa
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more realistic example, the drive mechanism could be slightly out of adjustment. Asa
result, the heads would be slightly off track—but there is no way the servo would have
of sensing or correcting this error. A secondary characteristic of the open loop servo is
that it has the potential to be very inaccurate. However, it is simple and relatively
inexpensive.

Figure 10-20 illustrates an open loop servo a little more abstractly. The servo receives
an instruction and the servo electronics interpret the instruction and signal the actuator
to carry out the instruction in a discrete number of steps. There is no feedback to com-
pare the actual results of the operation with the original instructions.

Instruction Servo Actuator f—— Results

electronics

Figure 10-20. Open loop servo

/

If you object and point out that there is a loop in the stepper motor servo, you would
be correct. In figure 10-19 you see there is a loop from the difference register, to the
stepping pulse generator, to the present cylinder register, and back to the difference
register. However, this loop still does not provide any information on what the heads
are actually doing.

Closed Loop Servo

Figure 10-21 shows how the open loop servo in figure 10-20 can be changed to a closed
loop servo by simply adding a feedback line.

Instruction Servo

Compare . Actuator Results
electronics

Feedback loop

Figure 10-21. Closed loop servo basic block diagram
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Now the instructions to the servo can be compared with the actual results of the opera-
tion and the actuator can continue to operate until the results match the instructions,
within some reasonable tolerance. This illustrates the key characteristic of the closed
loop servo: the results of an operation can be compared with the original instructions,
and the servo can continue to operate until the results come within some specified
tolerance of the instructions. As a result, the closed loop servo is much more accurate
than the open loop servo, although it is more complex and expensive.

The key thing to remember in the operation of the closed loop servo is that it does not
carry out instructions in discrete steps (like the open loop servo). It operates continu-
ously until the results match the instructions within the specified tolerance. This means
that the open and closed loop servos not only function differently, but also malfunction
differently. An open loop servo may simply carry out an instruction incorrectly, but a
closed loop servo may be unable to carry out an instruction within the specified toler-
ance and begin oscillating back and forth, trying to carry out the instruction.

Figure 10-22 expands on figure 10-21 to show how the closed loop servo functions on a
disk storage device.

Desired . Digital-to-
. Difference g Power
~———————{ cylinder ] analog coe
Desired register register converter amplifier
cylinder
command
from
controller Present
cylinder Actuator
register
Position Carriage
feedback
Position Heads
transducer

Figure 10-22. Closed loop servo block diagram (partial)
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The controller instructs the disk storage device to seek.a specific cylinder; the number of
that cylinder is placed in a register. The desired cylinder is compared with the number
of the cylinder that the heads are presently on, and the difference register output causes
the digital to analog converter to generate a signal which is proportional to the distance
and direction the heads must travel. This signal is amplified by the power amplifier,
which applies current to the actuator; the actuator starts moving the carriage and heads
toward the desired position.

As the heads move, the position transducer generates a signal indicating when the heads
cross cylinders. Each time the heads cross a cylinder, the present cylinder register is up-
dated. But as long as there is a difference between the desired cylinder and the present

cylinder, the difference will continue to generate a signal which is amplified and powers
the actuator. When the present cylinder is the same as the desired cylinder, the heads stop.

Unfortunately, a real closed loop servo is not quite that simple. The carriage and heads
have inertia and cannot stop instantly when the heads are on the desired cylinder. You
may remember from studying about velocity transducers that there is a desired velocity
curve which represents the optimum velocity at all times during a seek operation. This
curve allows for maximum acceleration of the carriage and heads, but decelerates them
in time to stop them on the correct cylinder. Accomplishing this requires a velocity
transducer (see figure 10-23).
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Position Velocity Power
transducer transducer amp
Heads Carriage Actuator
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In this figure 10-23, the function generator generates the desired velocity curve by mod-
ifying the linear error signal from the digital to analog converter. The summing ampli-
fier compares the function generator signal with the actual velocity as determined by the
velocity transducer. If the actual velocity is less than the desired velocity, the summing
amplifier provides an accelerating signal to the power amplifier and actuator. If the
actual velocity is greater than the desired velocity, the summing amplifier provides a
decelerating signal to the power amplifier and actuator.

Summary

A servo is an electromechanical device that carries out instructions. There are two types
of servos: open loop servos and closed loop servos. Open loop servos carry out instruc-
tions in discrete steps and do not check the results of their operations. They are simple
and inexpensive, but have limited accuracy. Closed loop servos carry out instructions by
constantly checking the results of their operations with the original instructions. When
the results come within a specified tolerance of the instructions, the servo operation is
complete. Closed loop servos are accurate and reliable, but relatively complex and
expensive.
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All disk storage devices with movable heads perform accessing, or seeking, operations.
The access or seek operation (the terms are synonymous) moves the heads from one
location to another on the disk pack when instructed to by the disk controller. Holding
the heads on the desired cylinder is also part of the seek operation. On modern disk
storage devices, most of the electronic circuitry controls seek operations.

This activity lists the phases and steps of a seek operation and describes how they are
carried out by a closed loop servo.

Seek Operations

In a previous activity you learned the characteristics of open and closed loop servos.
Both types of servos perform seek operations.

There are four types of seek operations. LOAD seeks occur when the device is powered
up; they move the heads to the first cylinder on the pack. DIRECT seeks move the
heads from cylinder to cylinder on the pack, finding addresses on instructions from the
controller. Return to zero (RTZ) seeks move the heads from any point on the pack
back to the first, or number zero, cylinder. RTZ seeks are usually used to clear errors in
the device. Finally, UNLOAD seeks occur when the device is powered down, when
power to the drive motor is interrupted, or when commanded by the control logic.
UNLOAD seeks move the heads off the disk pack recording surface.

LOAD, RTZ, and UNLOAD seeks are performed in a similar manner. The heads move
at a constant rate until the position feedback indicates that they are in position either
at the outer edge of the disk pack or retracted. DIRECT seeks, however, are more
complex.

DIRECT Seeks

DIRECT seeks are performed, generally, in two distinct phases: coarse and fine. During
the coarse phase, the servo moves the heads from their present location to within one-
half cylinder away from the desired cylinder. Then the fine phase takes over and moves
the heads to the desired cylinder and keeps them on cylinder.

Coarse Phase

For position errors that are greater than one-half track away from the desired cylinder,
the.servo operates in coarse mode. In the coarse mode, the error signal is derived from
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the difference register as the heads cross cylinders and the count in the difference
register decreases (see figure 10-24). When the output from the digital-to-analog con-
verter indicates that the error is greater than one-half track, the level detector switches
on gate 1 and closes gate 2. When the digital-to-analog output shows that the error is
less than one-half track, the level detector switches gate 1 off and turns gate 2 on.

De.slred De.Sll'ed Difference " Function
cylinder | cylinder register D/A generator
command | register
Summing
amp
Power
Gate amp
Coarse/ 1
fine
level
detector Gate Actuator
2
Velocity .
Pr(?sent transducer Carriage
cylinder
register
Positi
osition Heads
transducer

Figure 10-24. Coarse/fine servo block diagram

Depending on the length of the seek, the coarse phase generally occurs in three steps:
accelerate, coast, decelerate. Figure 10-25 illustrates these three steps by showing the
levels of signals generated in the servo control circuits.
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Figure 10-25. Signal levels generated in servo control circuits
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“Tracks to go’’ is the number of cylinders remaining to be crossed to complete the seek.

“Desired velocity” is the ideal velocity curve that keeps the heads moving at optimum
speed. It is generated by comparing the desired cylinder with the present cylinder.

“Velocity transducer” is the signal from the velocity transducer; it indicates the actual
velocity of the heads and carriage.

“Current to actuator” is the signal applied to the power amplifier and actuator that
accelerates or brakes the carriage. :

Accelerate. During the accelerate step, desired veocity is clamped at a maximum level
and a maximum amount of current is.applied to the actuator. The carriage accelerates
and when the actual velocity is equal to the desired velocity, current to the actuator is
reduced to a small value which is sufficient to overcome the windage and friction.

Coast. With the current reduced, the carriage simply coasts along at a maximum speed,
which is still the desired velocity. Windage and friction actually slows the carriage a
little, and a small value of current applied to the actuator keeps it at a constant velocity.

Decelerate. Position feedback constantly updates tracks to go, and at point B in figure
10-25, the carriage must start to decelerate. This is similar to driving a car toward a brick
wall at constant velocity; at some point you know you are going to have to start braking
if you don’t want to crash. The desired velocity curve represents the rate at which the
heads should slow down to land right on cylinder.

When actual velocity is greater than desired velocity, a decelerating current is applied to
the actuator. This reduces the actuator’s velocity to the desired velocity. This decelera-
~ tion continues until there is less than one-half track to go. Then the fine phase takes
over.

This sequence of events represents a fairly long seek where the carriage has time to
accelerate to its maximum velocity and coast. In those seeks that are less than “B
long,” desired velocity will start to decrease right away. The carriage will accelerate
briefly and then decelerate.

Fine Phase
The fine phase of a seek operates within one-half track on either side of the desired
cylinder. It uses the position feedback signal to move the heads onto the desired

cylinder and keep them on cylinder during the operation. The position feedback signal
around the desired cylinder is illustrated in figure 10-26.
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Figure 10-26. Position feedback signal

During the fine phase, the velocity feedback signal, together with the fine position signal,
provides damping to the servo response. This reduces the velocity of the heads (from
when the coarse phase stopped) down to zero when the heads are on cylinder.

If the heads should drift off cylinder, a position feedback signal is generated. The
polarity of the position feedback signal indicates in which direction the carriage should
move in order to position the heads back on cylinder. As the heads move back toward
the desired cylinder, the position feedback signal decreases and the carriage decelerates
to zero, putting the heads back on cylinder.

Summary

Accessing and seeking are synonymous terms for the operation that moves the carriage
and heads from one location to another on the disk pack. There are four different types
of seeks: LOAD, DIRECT, RTZ, and UNLOAD. Direct seeks are performed in two
phases: coarse and fine. The coarse phase generally has three steps: accelerate, coast,
and decelerate.
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Data and Control 1I/O—Input Signals

This learning activity presents the general concepts of data and control input/output
logic. The block diagram (figure 11-1) shows the major logic areas that are common to
most disk storage devices. ‘

Data and control I/O input consists of a group of signals that are accepted by a block of
receivers. The signals to the receivers are sent from the controller. From the receivers,
the signals travel to the following controls and circuits: function decode, servo control,
read/write control, and timing circuits.

This learning activity concentrates upon the specific input signals that are common to
most disk storage devices.

Input Signals

Virtually all disk storage devices have a set of common signals. While these signals are
specific in nature, the ones that will be discussed here are common to most disk storage
devices. These input signals are: BUS IN, TAG LINE signals, UNIT SELECT BUS IN,
UNIT SELECT TAG, WRITE DATA, and WRITE CLOCK.

BUS IN Signal

BUS IN consists of multiple lines of signals that are common to all the disks on the
system that are on the same controller and are used to decode different functions.
These functions include READ gate, WRITE gate, and inputs to the cylinder address
register.

TAG LINE Signals

TAG LINE signals consist of the CYLINDER SELECT TAG, HEAD SELECT TAG, and
CONTROL SELECT TAG.

TAG LINE signals function with the BUS IN. For example, the contents of the BUS

IN signal at cylinder select time yields the information that is stored in the cylinder
address register. The contents of the BUS IN signal at head select time yields the con-
tents of the head address register. The contents of the BUS IN signal at control select
time determines which of the functions should be decoded. These functions include the
servo offsets, strobe offsets, READ gate, and WRITE gate.
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Data and Control I/O—Input Signals

UNIT SELECT BUS IN and UNIT SELECT TAG Signals

The UNIT SELECT BUS IN signal also consists of multiple lines. The contents of the
UNIT SELECT BUS IN at UNIT SELECT TAG time determines the unit number that
will be selected. If that signal compares favorably with the unit number which is per-
manently assigned to that particular machine, it generates a UNIT SELECT signal. This
signal essentially enables the entire I/O device, both receivers and transmitters. If you
do not get a unit select compare, the function decode is inhibited from interpreting any
command functions.

WRITE DATA Signal

This signal carries NRZ data that is going to be recorded on the disk pack.

WRITE CLOCK Signal

This signal is synchronized to the NRZ write data, and it is a return of the servo clock.
This signal is transmitted continuously from the controller.



Data and Control I/O—Output Signals

This learning activity presents the data control output signals that are common to most
disk storage systems.

Data control output signals are sent to transmitters and, in turn, to the controller.
These signals are sent from the function decode, servo control, read/write control,
timing circuits, safety circuits and unit select. The block diagram (figure 11-2) shows
the major logic areas that are common to most disk storage devices.

Output Signals

Virtually all disk storage devices have a set of common signals. While these signals are
specific in nature, the ones that will be discussed here are common to most disk storage
devices. These output signals are: ON-CYLINDER, SEEK ERROR, SEEK END,
READY, FAULT, INDEX, SECTOR, SERVO.CLOCK, READ DATA and READ
CLOCK.

ON-CYLINDER Signal

The ON-CYLINDER signal means that the positioner is on track and that the unit can
accept commands for reading or writing. This signal comes from the area of servo
control.

SEEK ERROR Signal

The SEEK ERROR signal means that the disk drive has not successfully completed a
seek operation, and that it has exceeded the legal seek boundaries in some manner.
This signal comes from the area of servo control.

SEEK END Signal

The SEEK END signal is usually the same as ON-CYLINDER and differs only when
you get a SEEK ERROR signal. When you receive a SEEK END signal, you should
sample ON-CYLINDER and SEEK ERROR to judge what condition exists. This signal
 comes from the area of servo control.
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READY Signal

The READY signal means that the spindle is up to speed and that an initial seek has
been completed. It also means that the unit is positioned at a cylinder, which is usually
cylinder 0, and that it can accept a command for reading or writing. However, the unit
must be up to speed and must have completed an initial seek before the READY signal
will activate. This signal comes from the area of servo control.

FAULT Signal

The FAULT signal comes from the safety circuits and means that an error condition
exists in the machine.

INDEX Signal

The INDEX signal is a reference signal that indicates the start of a track. One INDEX
pulse is generated for each revolution of the disk. This signal originates from the timing
circuits.

SECTOR Signal

The SECTOR signal is divided into multiples because there is usually more than one
sector per track. A sector is a subdivision of the tracks, so there may be 16, 32, 64, 128
(etc.) numbers of sectors between index pulses. This signal originates from the timing
circuits.

SERVO CLOCK Signal

This signal is the clock that runs at the frequency at which you are attempting to read
or write. In most devices, this signal is sent to the controller and the controller sends it
back as a WRITE CLOCK signal. In the controller, the SERVO CLOCK signal is
designed to be in sync with the WRITE DATA, so that when it gets to the drive it has
the proper polarity and will clock correctly. This signal originates from the timing
circuits.

READ DATA, READ CLOCK Signals

READ DATA, and READ CLOCK are signals that come from read/write control.
These signals should be self-explanatory.
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Powering-Up Sequence

This learning activity discusses the sequence for powering on a storage module drive. It
also covers cabling, the sequence for powering off, and emergency retract.

Power-Up Sequence

A storage module drive can be powered up from two modes: local and remote. Local
mode refers to a condition in which the drive is off-line. Remote mode exists when the
storage module drive’s power-on and power-off sequence is under the control of the
controller, or of another storage module drive. This learning activity will omit local mode
power sequencing and refer only to the power sequencing that is initiated by the controller.
(See figure 11-3.)

The block diagram in figure 11-3 refers to the power-on sequence for one storage
module drive in the remote mode. Although some areas of this block diagram are self-
explanatory, they will all be briefly explained.

A successful power-up sequence is based on two conditions. The first condition is that
the ON-OFF switch is in the on position. The second condition is that the disk storage
device that is being powered up receives a PICK AND HOLD signal from the controller
or from another drive. The PICK AND HOLD signal, which is sent by the controller,
can also be referred to as the POWER SEQUENCE signal and it provides the power-up
and power-down sequence for the drives. If the ON-OFF switch is in the on position,
then the start relay will energize when power becomes available. The power sequence
will continue only if the PICK AND HOLD signal is received from the controller. This
sets the remote start flip-flop (FF). A SEQUENCE HOLD signal from the controller
holds the remote start FF in the set state, and this maintains the start drive motor signal.

The drive power-on sequence starts the drive motor and places the head in the home
position. This sequence is initiated by closing the ON-OFF switch at the rear of a drive
unit. This energizes the sequence relay.

When the motor triac is initially picked, a fixed delay starts which allows the spindle to
get up to speed. If the spindle fails to come up to speed within that allotted time, the
motor pick drops, the brake is applied, and the drive motor shuts down. Once the
spindle speed reaches 75 percent of its peak speed, the logic to load the head is enabled.
After a fixed delay, the heads are loaded to track 0. Once the spindle is up to speed, the
speed relay energizes. The power supply connects the power amplifiers to the voice coil
on the actuator and connects the emergency retract capacitor. This prepares the voice
coil to respond to commands from the servo logic and charges the emergency retract
capacitor so that it is ready for the emergency retract condition. In addition, a PICK
signal is sent out to the next drive or to the controller.
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Powering-Up Sequence

Cabling

Most disk drives have what is called a two-cable interface (see figure 11-4). This refers
to the two major types of cables, a unique cable, and a daisy chain cable. A unique
cable is a direct link between the controller and the individual drives in the system. The
daisy chain cable is a link that runs from the individual units to the controller via other
storage module drives in the system. The unique cables run directly from the controller
to the individual disk storage devices and have no other units between themselves and
the controller. The path along a daisy chain cable goes from the controller to drive unit
one, then to drive unit two from drive unit one, and so forth.

Daisy chain
JL_
|
Controll Drive Drive Drive
ontrofier unit 1 unit 2 unit X
1
1l
Unigue

Figure 11-4. Cabling configurations

The unique cable generally carries the READ/WRITE signals. A daisy chain cable
usually carries all of the TAG LINE signals and BUS IN lines. In the output area, the
unique cable carries the READ DATA, READ CLOCK, SERVO CLOCK, and UNIT
SELECTED. The others are located in the daisy chain cable.

Some storage module drives only have one type of cable. However, the vast majority
of storage module drives have a two-cable configuration.

Power-Off Sequence

The power-off sequence unloads the heads and stops the drive motor. The power-off
sequence begins when the ON-OFF switch is opened. This activates the retract circuit
and retracts the heads.

Opening the ON-OFF switch removes power from the brake coil and enables the emer-
gency retract circuit. This circuit retracts the heads and holds the actuator in the retract
position. If the speed of the spindle drops below 75 percent of its normal speed, the
retract circuit activates and the drive motor brake is applied.
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Emergency Retract

The emergency retract function retracts the head from the data area if the disk speed
is reduced to a dangerously low level. If the speed falls below 75 percent of its normal
speed, and the heads are not retracted, it could result in a head crash and/or in the loss
of recorded data.

Emergency retract will usually activate under the following conditions:

® Ioss of AC power. If AC power is lost, then DC power is also lost and an
emergency retract occurs.

® ILoss of speed. If the spindle motor drops below 75 percent of its normal
speed, a speed detection circuit causes an emergency retract to occur.

® Loss of sufficient voltage. This causes a braking action on the motor and an
emergency retract occurs.

® Drive motor thermal overload. If a drive motor overheats, a circuit-breaker
opens within the motor. This cuts off power to the motor, which slows down;
the loss of speed causes an emergency retract to occur.
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Function Decoder

This learning activity presents the function decoder. It explains how the function decoder
changes signals and what those signals become.

The function decoder consists of AND gates. The function decoder contains the con-
tents of the bus at control select time. It determines the functions that are going to be
performed. It does so by placing an AND on each of the bits on the bus with the con-
trol select tag.

A disk storage device usually utilizes a 10-bit bus. At control select tag time, different
signals are decoded. These signals are used to initiate various operations that will be
performed by the disk storage device (see figure 11-5). The contents of these bus bit
lines are as follows:

® Bit 0 yields a WRITE gate, which enables the write drivers.

@ Bit 1 yields a READ gate, which enables the digital read data lines.

® Bit 2 yields a servo offset positive, which offsets the actuator from the nominal
on the cylinder positioned toward the spindie.

® Bit 3 yields a servo offset negative, which offsets the actuator from the nominal
on the cylinder positioned away from the spindle.

® Bit 4 yields a controller fault clear, which is a 100 ns (minimum) pulse that is
sent to the disk storage device. This pulse will clear the fault latch if a fault con-
dition no longer exists.

® Bit 5 yields an address mark enabled, and when this is combined with a WRITE
gate, the address mark is written. When it is combined with a READ gate, an

“address mark search is initiated.

® Bit 6 yields an RTZ seek, which is a pulse that is sent to the drive which causes
the actuator to seek to track 0. It also clears the head address register and clears
a seek error latch.

® Bit 7 yields a data strobe early, which enables the phase lock oscillator (PLO)
data separator to strobe the data earlier than optimum time.

® Bit 8 yields a data strobe late, which enables the PLO data separator to strobe
the data later than optimum time.

® Bit 9 yields a release, which is only applicable to dual channel units. This line
resets the reserve and disable flip-flop for both channels, and releases both the
reserve and priority select commands.
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Servo Control

This learning activity discusses, in some detail, the area of logic known as servo control.
The major areas that will be covered include an overview of servo control logic, the
digital-to-analog converter, the summing amplifier, modes and seeks, the output of the
servo head, the microprocessor servo, and the track servo signal. See figure 11-6 for a
diagram of servo control.

Servo Control Logic

BUS IN and CYLINDER SELECT signals are sent by the receivers to the servo control
area. In servo control, the contents of the bus at cylinder select tag time are loaded into
the cylinder address register, (CAR). The contents of this register are compared with
the contents of another register, called the present address register.

The present address register contains the binary coded present address. When a new
desired address is loaded into the CAR, the two addresses are compared. This compar-
ison takes place in the subtractor. The difference is then loaded into the difference
counter. This difference is a measure of the seek length that will be attempted. The dif-
ference counter is strobed in by cylinder select, and a delay is built in from the time it
strobes into the present address. The delay is necessary in order for the subtractor to
work. In most cases, the cylinder address register is strobed on the leading edge of the
pulse, and the difference counter is strobed on the trailing edge of the pulse. These
pulses are usually one microsecond long.

The difference counter is then decoded—there are many types of signals that may be
used for this. In figure 11-6, the equation T = 0 is drawn. This is a common equation
that is used in such places as on-cylinder detection.

The most important function of the difference counter is that it provides an input to
the digital-to-analog converter. This converts the difference information from a digital
signal to an analog voltage. This voltage is a measure of how far you have to go when
you start a seek.

Digital-to-Analog Converter

The signal that comes out of the digital-to-analog converter is an analog voltage that is
proportional to the magnitude of the binary count in the difference counter. As cylin-
ders are crossed, the cylinder count goes down. Initially, the difference counter has a
high count, and, as the seek comes closer to its final destination, it keeps crossing

- cylinder pulses and the binary count goes down. Therefore, the analog voltage that
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Servo Control

comes out of the D-to-A converter also goes down. This means that the error signal is
continuously getting smaller. It keeps getting smaller until it is on-track and it goes to
zZero. :

A digital-to-analog converter couhts down one for each time a track is crossed. This is
why the signal appears like a stairway (see figure 11-7).

The smoothed curve in figure 11-7 refers to the desired velocity or coarse position. The
sum of velocity is always distance. Therefore, if you add the velocity between track
pulses, you receive a voltage that is proportional to distance. By summing, or inverting
those two factors, a desired velocity or COARSE POSITION ERROR is received. This
is the error signal that the servo is attempting to reduce.

Summing Amplifier

There are many things that occur within a summing amplifier. What is most important
is that the coarse position error and the velocity are usually summed at that amplifier.
At that point, the total summed at the amplifier goes to another amplifier which is
called a power amplifier. Then an electric signal is sent to the actuator; then, force, or a
mechanical motion, comes out of the actuator.

A selector is located between the summing amplifier and the signal that comes from the
digital-to-analog converter. As previously stated, the signal that comes from the digital-
to-analog converter is called the COARSE POSITION ERROR. However, both FINE
POSITION ERROR and COARSE POSITION ERROR signals are sent to the selector
circuit, depending upon the mode that the machine is operating in.

Mode and Seek Conditions

If the machine is operating in a coarse mode, it enables a COARSE POSITION ERROR
signal into the summing amplifier. If the machine is operating in a fine mode, it sends

a FINE POSITION ERROR signal into the summing amplifier. The machine must
always be operating in either one of these modes, unless it is in an initial seek condition,
or a return to zero seek condition.

These two types of seeks will not be discussed in detail in this learning activity. This is
because these seeks are almost never the same on any two machines. Therefore, they
cannot be discussed in a general or universal manner. However, one thing that can be
generalized is that a return to zero, or load command, defeats some of the normal
seeking circuitry and accomplishes a positioning to cylinder @ through separate circuits.
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Servo Head

The output of the servo head is amplified and sent into a demodulator. The demodu-
lator obtains the position information by decoding the servo head information.

Guard band information also comes out of the demodulator. This is encoded in areas
that are outside the legal track boundaries. At all times, the information is on one side
of the boundaries. Most machines utilize guard band information to inform you what
band it is in. This information is also used to enable the machine to get back to zero.
The majority of disk storage devices initiate an automatic return to zero whenever
they get outside the legal track boundaries. In other words, they function similarly

to a safety circuit.

Microprocessor Servo

The microprocessor servo is a relatively new feature. What the microprocessor servo
does is replace the area that is outlined on figure 11-8 with the microprocessor and its
associated hardware. All of this logic, including the D-to-A converter, is replaced by
the microprocessor. Microprocessor servos will obtain a larger and larger share of the
disk storage device market.
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Read/Write Logic

This learning activity discusses, in some detail, the logic for read/write operations.
Read and write operations and a brief discussion on peak shift are provided.

Read Operations
See figure 11-9 for a flowchart of read/write logic.

For read operations, the desired head number goes from the receiver into a head register.
The head register is a series of flip-flops and the input is loaded into the register at head
select tag time. When these signals come out of the register, they go into the decoder.
In some machines, the signals go directly from the head register to the heads. However,
it is more common for the signals to go through a decoder and a translator, before they
travel to the heads.

There are usually multiple arms on the head register and on the decoder. These arms
then travel to a level shifter of some type which is called the translator or invertor.
From the translator, they travel directly to the heads.

When the signal goes from the translator to the heads, the line generally goes to the
center tap of the heads, sets it at a predetermined voltage, and selects the correct head.
Generally, there is a diode matrix located in the heads.

The input that comes from the heads goes directly to the amplifier. From the amplifier
it goes to a filter and then to an analog-to-digital converter. The analog-to-digital con-
verter changes the analog signal to a digital voltage. From this converter, the signals
move into a data latch and then to a read phase lock oscillator (PLO) and data separator.
NRZ read data and read clock signals are sent from the read PLO and data separator.
These signals go to the transmitters, which ultimately go to the controller.

The function decode sends a READ gate signal to the read PLO. There is also a flow
from the write driver into the heads. When the machine is reading, it shuts off the write
driver and flows into the amplifiers.

Data latch is a circuit that is designed to prevent errors that result from over-resolved
signals. It also helps in recovering data which may be damaged due to-a media defect.

The analog-to-digital converter, and the read circuit function, changes the analog MFM
data into digital MFM data. This data is sent to the read PLO and data separator.
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Read/Write Logic

The read PLO takes the peak shift out of the data. In addition, the oscillator in the PLO
has a high amount of inertia. When data pulses enter the read phase lock oscillator from
the data latch, that oscillator adjusts its frequency to coincide with the data pulses. This
puts the timing in sync with the revolution time of the spindle. If the spindle slows
down, the pulses that come into the read PLO will slow down and the oscillator in the
PLO will also slow down. Systems that have a read PLO can withstand a wider range of
spindle speeds.

The read PLO and data separator have two basic functions. First, they convert the MFM
data from the analog-to-digital converter into NRZ data. Second, they generate a READ
CLOCK signal, which is locked into the frequency of the read data. Both the NRZ data

and the READ CLOCK signal are transmitted to the controller via transmitters.

The data separator circuit determines if the data pulses represent a 1 or a 0, and then
converts this data to NRZ. The data separator circuit also generates a feedback clock
pulse to the comparator and the READ CLOCK signal. The feedback clock pulse is
eventually sent to the controller.

Write Operations

For write operations, input is received from the controller and travels to the receiver.
The receiver sends NRZ data, and a WRITE CLOCK signal, into the NRZ to MFM con-
verter. This converter receives input in the form of NRZ data and converts this to MFM
data. After conversion, the data is sent to the write drive and on to the heads.

For both reading and writing operations, the function decode sends a signal to a gate.
For write operations, the function decode sends a signal to the WRITE gate to enable
the write driver. In addition, it also sends a signal to the read amplifier and disables it
when the machine is writing. When the machine is reading, signals that turn on the
amplifier and disable the write driver are sent. In order to fully understand the functions
of the NRZ to MFM converter, it is necessary to understand MFM data and peak shift.

Assuming that you have some knowledge of MFM data, you should know that there are
some patterns that need to be shifted from nominal in order to improve the margin
when you read the signal back. Those patterns are called write compensation timing
(see figure 11-10). In this illustration, the 100 pattern is a pulse that gets shifted late,
011 also gets shifted late, 001 gets shifted early, and 10 gets shifted early. The other
patterns that are shown in this illustration are not effective.

11-21



Control Logic

WRT PLO
CLK
(9.67 MHZ)

; :
: : ;

o [ 1 o o[ o o o o[
) : 4

RAW
MFM DATA

! !
oo 1 |1 loflo|l1fol o] o

EARLY

PATTERN S ' l_‘_l ;

EATE L M U
SR I N N N N O
™ EEEy IR g M

P00 © 060

NOMINAL DATA
ENABLE

®

COMPENSATED IR A
MFM DATA I?I ‘,’ :m——m m

-DEE‘—-IZ ns
|

IREE :

{ "
_-E 678 ——-;E‘-

,_
m
m

E L N

ol vl rvliofpr|o]
note: numeers (O REFER To Locic FoR

WRT COMPENSATION/NRZ TO MFM
CONVERTER CIRCUITS.

ojJo |+ | t}o}o] 1t o]

1ojo]

9EI44A

Figure 11-10. Write compensation timing

An important event will be taking place here. This event is called peak shift. (See

figure 11-11.)
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Figure 11-11. Peak shift
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When the machine is writing data on the disk, there are going to be areas of high-density
pulses and low-density pulses. When a high-frequency pulse is written next to a low-
frequency pulse, the pulse crowding tends to shift the high-density transition toward the
low-density transition. Transition is where the magnetization of the dipoles changes
from a positive to a negative state. This is what is called peak shift.

To correct this condition, the machine attempts to compensate for it during the write
operation. In other words, it attempts to shift it backwards and spread itina wider than
normal distance. This is called write precompensation. Then when the data peaks shift
and become narrower, the result should be that the data peaks will return toward
nominal, or normal. In most cases, write precompensation is not 100 percent effective;
however, it does help a great deal in correcting for peak shift.

In writing operations, the write driver takes the data and provides the current source to
the heads. In essence, the write driver toggles the head with the correct amount of cur-
rent. The most important thing in the write driver is that it has the correct current
magnitude. If the current is too high, the head will saturate and it will not produce a
high-quality signal on the disk. If the current magnitude is too low, then the disk will
not be saturated and the old data will not be erased.
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Fault Indications

This learning activity lists the most common conditions that are interpreted as errors by
the disk storage device. All of these conditions either light an indicator on the device,
or send a signal to the controller indicating that an error condition exists. These errors
are divided into two categories: 1) the errors that are indicated by a fault latch, and

2) the errors that are not indicated by a fault latch.

Errors Indicated by a Fault Latch
The errors that are indicated by a fault latch are:

® General

® Write fault

® Head select fault

® Read and write fault

® (Read or write) off-cylinder fault
® Voltage fault

General

General errors describe certain errors that set the drive’s fault latches when error condi-
tions are recognized. Setting the fault latch accomplishes four things:

® It enables the fault line to the controller.

® It lights the fault indicator on the drive’s control panel.
® [t clears the drive unit READY signal.

® [t inhibits the drive’s write and load circuitry.

All of these events prevent any further drive operations from being performed until the
error is corrected and the fault latch is cleared. ’

After the error is corrected and an error condition no longer exists, the fault latch can
be cleared ‘by any of the following operations:

® Pressing the fault switch on the operator’s panel.

® Obtaining the controller FAULT-CLEAR signal from the controller
® Pressing the maintenance FAULT-CLEAR switch on the fault card
® Powering down the unit
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Whenever an error occurs that sets the fault latch, it also sets an individual latch asso-
ciated with that error. These latches can be cleared only by powering down the drive
or by pressing the maintenance FAULT-CLEAR switch on the fault card.

The following conditions can cause the fault latches to be set: write fault, head select
fault, read and write fault, off-cylinder fault, and voltage fault.

Write Fault

A write fault is indicated by any of the following conditions:
® A low output from the write driver indicating that it might not be operating
‘ _properly
® Low current input to the write driver

® Low voltage to the write driver
® No write data transactions when the write gate is active

Head Select Fault

A head select fault can be generated whenever more than one head is selected. If more
than one head is selected, the circuit will generate a multiple select fault.

Read and Write Fault

A read and write fault is generated whenever the drive receives a READ gate and a
WRITE gate simultaneously.

(Read or Write) Off-Cylinder Fault

A (read or write) off-cylinder fault is generated if the drive is in an off-cylinder condition
and it receives a READ or WRITE gate from the controller.

Voltage Fault

A voltage fault is generated whenever the voltages are below a satisfactory operating
level.
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Errors Not Indicated by Fault Latch

The errors that are not indicated by a fault latch are detected by the disk storage device
but are not stored in the fault latches. However, they do give other error indications.

A LOW SPEED or VOLTAGE FAULT signal occurs when the drive detects either a low
voltage condition or that the drive spindle speed is below 75 percent of its necessary
revolutions per minute. If either of these conditions are detected, the write drive cir-
cuits are disabled and a WRITE PROTECT signal is sent to the controller This also
results in an emergency retract of the heads.

No-servo track faults occur if dibits are not detected within 350 milliseconds after the
load seek sequence begins. This lights a fault indicator and enables the return to zero
logic. This also causes the heads to unload, and another load cannot be 1n1t1ated until
the no-servo tracks latch is cleared.

A seek error can occur under any of the following conditions:

® On-cylinder is not obtained within a prescribed time from the start of the seek

® Forward or reverse end of travel (EOT) has been sensed

® The drive is commanded to seek to a cylinder address greater than its boundaries
Setting this error latch enables the seek error line to the controller and inhibits the drive

from performing another seek operation until the latch has been cleared. This latch can
only be cleared by a return to zero seek command.
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Introduction to Mass Storage Devices

As its name implies, the mass storage subsystem (MSS) stores vast amounts of data. It is
also capable of fairly fast access times. It is a magnetic tape system that utilizes a dif-
ferent type of tape. This activity introduces the mass storage subsystem (MSS).

Components of MSS

As can be seen in figure 12-1, the mass storage subsystem is a multicabinet system.

Adapter (MSA) \ \

Air exhaust

ISD interface

Transport locate

- Selector (CSU)

| Transport locking

Transport

(MST) \

Figure 12-1. Mass storage subsystem

N~
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Tape cartridges are filled in the cartridge storage unit (CSU) according to an X-Y axis
grid scheme. Any specific cartridge is selected by its mechanism and moved from stor-
age to the entry station (input ISD) of the transport. Transport and CSU are under
direct control from the mass storage adapter (MSA) which coordinates data, command,
and status signals.

Once the transport detects a tape cartridge in its input ISD, status is sent to the adapter.
The adapter then issues into the transport load station appropriate commands for
cartridge motion. Load commands cause the transport to sequence the load procedure,
whereby the cartridge door is opened, tape loads into the tape path and loop columns
where it is positioned for the start of data transfer, and a magnetic head is indexed by

an actuator. During the load operation, tape is removed from the cartridge in the form
of a loop;i.e., both ends of the magnetic tape remain attached to the cartridge. One end
of tape is secured to the cartridge spindle for loading and unloading and the other end is
secured to the cartridge door.

During data transfer from or to the adapter, tape motion is controlled by a single
capstan and loop positioning sensors located within the loop columns. Head and stream
selection are directed by the adapter and functionally carried out by the head actuator
servo system.

After data transfer, the adapter issues an unload command. The transport, acting upon
this command, retracts its magnetic head, winds tape back into the cartridge, and closes
the cartridge door. The cartridge is moved from the load station to an output ISD and
is transported to an output station. The CSU then returns the cartridge to its addressed
storage position. Operations of selection, transfer, reading, writing, and storage are over-
lapped to maintain a continuous flow of data between the transport and Central Process-
ing Unit.

Transport Functional Groups
The transport includes the following functional groups as shown in figure 12-2:

Control ;
Cartridge handling
Head actuator
Tape drive
Read/Write
Pneumatics

Power
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Figure 12-2. Mass storage transport orientation diagram

Figure 12-3 illustrates the complete transport in an overall block diagram form. Shown
are the seven functional groups interrelated through the logic of the printed circuit
boards of the control functional group. The drawing shows input/output signal inter-
faces and internal major signal flow. ’
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Introduction to Mass Storage Devices

The control group directs the operation of the transport in response to external control
commands and internal feedback. Control commands are received from the adapter,
while feedback is received from the transport functional groups in the form of internal
status signals.

The cartridge handling group moves tape cartridges from the selector to the tape path
entrance for data processing, loads and unloads tape, and then transports the cartridge
back to the CSU. Each tape transport is associated with an input and output intersta-
tion drive. Five cartridges may be circulating at one time: one just being put into the
entrance port (station A), one waiting in load and queue (station B), one in the trans-
port being read and/or written on (station C), one in the exit storage awaiting return to
the CSU (station D), and one at the exit port pick-point of the CSU (station E).

The head actuator group positions the read/write head at any desired stream location
on the tape. The width of the tape and the large number of tracks require an indexable
head. The head assembly employs two individual heads, one for the first 9 tracks (col-
lectively called a stream) of data during the first tape traverse in one direction, and the
other for the second 9-track stream of data during tape movement in the opposite direc-
tion. The two sets of streams are called a stream pair. Since 144 tracks are recorded
across 2.7 inches of tape width, tape movement is required eight times in both directions
(with eight head-index movements) to read and/or write data on all 144 tracks. Write
operations (with automatic read-after-write) are performed in one direction only, while
read may be accomplished in either direction (backward read being employed for spac-
ing over a preceding block of data).

The tape drive group moves the loaded tape past the read/write head in the tape path.
The tape drive also accurately stops the tape in a controlled manner in the interblock
gaps (IBG). A single capstan is used to move the tape in both directions across the
magnetic head.

The read/write group transfers the data between the tape and external system via the
adapter interface. This group consists of preamplifiers, read amplifiers, data receivers,
write drivers, read /write head, and the necessary data-transfer control circuitry. There
are no amplitude or skew adjustments within the transport itself. Skew and clip level
requirements are controlled within the adapter. ’

The pneumatics group generates and distributes the various vacuum and air pressure
requirements for the transport. The pneumatics package consists of a drive motor con-
nected to a vacuum blower and air compressor, a plenum chamber, and cooling blower
for other pneumatics package components. The compressor provides vacuum that:

1) draws tape from the opened tape cartridge into the vacuum columns, 2) maintains
the tape loops in a uniform or slightly taut position within the loop columns, and 3)
provides cooling air to the capstan motor. The air compressor provides filtered air to
the air bearings. Ventilation exhaust for the cooling blower is provided at the top of
the unit.
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The power group accepts three-phase (60 or 50 Hz) electrical power, distributes the AC,
and converts it to the various DC operating voltages required to power the electronics
and drive motors.

Control Functional Group
The control functional group performs the following functions:

@ Controls the operation of the transport in response to decoded commands from
the adapter

® Monitors internal operation for status and faults, and initiates appropriate action

® Collects and encodes internal status conditions for transmission to the adapter

® Receives and transmits data for the media via the [/O circuits

® Provides on-line/off-line control and related operations for the transport

The operation of the transport is asynchronous, by which, broadly speaking, the comple-
tion of one operation initiates another. The command and status signals interact
through the internal logic circuitry to: 1) produce commands necessary to control,
initiate, or time the various operations, and 2) generate status signals signifying the state
of these operations or related faults. The status signals are then encoded and transmitted
to the adapter.

During off-line operation for checkout, maintenance, or training, the role of the adapter
is partially simulated by a maintenance panel which is part of the control group. This

panel includes switches for initiating certain control commands and capability for con-
trolling application of power.

Cartridge Storage Unit

The cartridge storage unit (see figure 12-4), referred to hereafter as the CSU, is one com-
ponent in the mass storage subsystem.
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Figure 12-4. Cartridge storage unit

The function of the CSU within the subsystem is to store and deliver magnetic tape
cartridges to one to four tape transports. It is physically and electronically connected
to the mass storage transport (MST) and is controlled by a mass storage adapter (MSA).
The CSU presents a status of its operational condition to the MSA upon request.

For purposes of physical orientation and common reference within this activity, the
CSU and MST(s) are considered to be placed back to back. Thus, the front of the CSU
pertains to the main door area through which the picker head and cubicles are accessed
with left and right established from the position of viewer.
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The unit contains stationary cubicles for the storage of 2052 tape cartridges plus eight
cubicles on each of two input/output modules. Access to this storage matrix is normally
accomplished by use of an input/output module to ensure security of the data base.
Cartridges are moved within the CSU by a picker assembly mounted on a moving X/Y
positioner. On command, the unit will retrieve a cartridge from the input/output
module or storage matrix and move it to the inject interstation drive (ISD) of the
selected MST. After processing by the MST, the cartridge is picked up at the eject ISD
and moved back to the matrix for storage or to the input/output module for removal
from the CSU. The maximum cycle time for any single operation is five seconds. This
includes traversing between any two positions, retrieving the cartridge from or inserting
the cartridge into the selected cubicle.

The CSU normally performs in an on-line mode of operation with an MSA and, if
required for servicing, performs in a manual off-line mode through its maintenance

panel.

The storage matrix, X/Y positioner, and cartridge picker mechanism are some of the
major components in the CSU (see figure 12-5).
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Figure 12-5. Major components of the cartridge storage unit

Storage Matrix

The storage matrix is a bank of 144 cubicle strips of 18 each (2052 cubicles total) used
to file the cartridges stored in the CSU. The locations on the grid are numbered for easy
identification. The cartridge storage cubicles are slanted at five degrees from the hori-
zontal for gravity assist in retaining the cartridges.

X/Y Positioner

The X/Y positioner is an electromechanical device that carries the cartridge picker mech-
anism to the various locations on the storage matrix interstation drive ports and input/
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output modules. A motor located to the upper right of the storage matrix drives the
positioner along the X-axis (horizontal) through a system of timing belts and pulleys.
Motion is transferred by a torque tube from the upper to the lower drive system. The
positioner traverses on a upper guide rail and lower splined shaft and X-way that run
along the base of the unit. The splined shaft is driven by a second motor located to the
lower right of the storage matrix and it, in turn, drives an additional timing belt and
pulleys to move the picker head along the Y-axis (vertical). A quadrature tachometer
housed within each drive motor creates signals that are decoded to determine the X/Y
position of the picker head.

The X/Y positioner provides the CSU with a means to transfer a cartridge within the
physical limits of the storage module matrix, I/O module input station, and MST(s)
pick-up and drop-off ports. The X/Y positioner consists of the following subassemblies:
X- and Y-carriages, X- and Y-drive mechanisms, X- and Y-axis servo power amplifiers,
X- and Y-axis position control servos, and servo power supply.

X-Carriage. The X-carriage subassembly (figure 12-6) contains the picker mechanism
cabling, protective shroud, and components to support the Y-carriage. Within the picker
mechanism cabling are power and signal cables and three air lines for pneumatic opera-
tion of the picker mechanism. Protection and guidance for the cabling during motion
of the X-carriage is provided by the shroud. The upper and lower pulleys/bearings, Y-
support tube, and Y-guide subassemblies of the X-carriage provide a means of support for
rotational requirements of the Y-carriage. Tension of the Y-axis timing belt is afforded
by the upper pulley/bearing subassembly. The lower pulley/bearing subassembly is a
compound rotary, linear motion bearing that permits simultaneous X- and Y-axis motion.
Stability, guidance, and position of the Y-carriage relative to the plane of the storage
matrix is provided by the Y-support tube and Y-guide of the X-carriage subassembly.

Y-Carriage. Major components of the Y-carriage (figure 12-6) are picker mechanism
(pick/put arm and cylinder subassemblies), air jet reservoir and solenoid, pick and put
solenoids, position sensors, and casting and bearings. Picker mechanism retrieves car-
tridges from the cubicles or MST(s) upon activation of air jet solenoid, or drops car-
tridges off at selected destinations. Position sensors detect the following:

Picker head back (PHB)

Picker head full forward (PHFF)
Put arm forward (PAF)

Put arm back (PAB)

Matrix probe (MPRB)

Cartridge in picker head (CIPH)
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X-Drive Mechanism. The X-drive mechanism is powered by a DC servo-controlled
motor having sufficient power to accelerate the inertia of the mechanism, overcome
system friction, and attain traverse time consistent with the five-second pick/put cycle
(see figure 12-7). A shaft encoder is an integral part of the motor assembly and con-
tains a photodisk with 800 lines per revolution to provide the required linear distance
resolution. In addition, the encoder supplies two square wave signals (one lags the other
by 90 degrees) for determination of direction (left or right).

Torque tube
drive pulley

Belt

X-carriage
upper drive
belt

' SEGINEEREREENINAIRRANES

Upper drive
pulley

Upper support Motor/encoder

bearing
/ Torque tube

Lower support
! bearing

g

\[' 1]|||'~'l{mnmlm]
Lower drive

X-carria_ge pulley
lower drive
belt

Figure 12-7. X-axis drive (simplified)

The spline and X-way located in the base of the CSU and the X-guide at the top of the
CSU provide both support and drive linkage to the X-carriage. The spline allows motion
of the X-carriage in the X-direction and imparts linear motion to the Y-carriage in the
Y-direction. Double ball bearings at each end of the spline provide support and mini-
mize whipping action when the X-carriage is traveling near either end. Lubrication of
the spline is accomplished by a wick-wiping device.
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A torque tube subassembly mounted vertically on the right side of the CSU transfers
X-motion between the upper and lower X-drive belts. The two belts are the timing type
and run in synchronism to eliminate skew with reference to the plane of the storage
matrix. Top and bottom mountings of the torque tube allow for adjustment of the

two X-axis drive belts relative to each other. Tension of both belts is adjustable, as well
as the short belt between the torque tube assembly and X-motor.

Y-Drive Mechanism. The Y-drive mechanism is powered by a DC servo-controlled
motor having sufficient power to accelerate the inertia of the mechanism, overcome
system friction, and support the picker mechanism to attain a vertical traverse time of
1.6 seconds upward and 1.2 seconds downward. A shaft encoder is an integral part of
the motor assembly, containing a photodisk with 800 lines per revolution to provide
the required linear distance resolution. Two square wave signals from the encoder are
displaced 90 degrees and determine the direction (up or down). The motor drives the
spline shaft through a timing belt and the shaft transfers motion to the Y-carriage
through a second pulley/belt arrangement. Alignment and belt tensioning are adjustable
at the upper pulley mount.

X/Y Addresses. The position of the X/Y positioner is controlled by binary coordinates
that originate in the MSA. Each position is identified in two parts: an X-and a Y-
address. X-addresses are numbered consecutively from right to left, starting with X = 0.
The maximum X-address is a binary 50 which corresponds to the ““in” position of the
I/O drawers. Y-addresses are numbered consecutively from bottom to top, starting with
Y=0.

Picker Mechanism (Head)

The picker mechanism (head) is a pneumatic electromechanical device that “picks™ a
cartridge from the selected location, holds it during transfer, and ‘“‘puts’ the cartridge
into a new location. Mechanical linkages actuated by air cylinders with spring returns
are used to position the picker receptacle for pick/put operations. A put arm pushes the
cartridge out of the receptacle during a put and an air jet places the cartridge into the
receptacle during a pick.

Air pressure is used to perform three functions in the CSU. Solenoid valves identified

as picker head air solenoid valve (PHASV) and put arm air solenoid valve (PAASV)

gate pressure to the cylinders on the picker head for actuation of the respective arms to
accomplish pick/put operations. The valves are located on the picker head and air lines
are routed to the picker head with the electrical cabling. The third valve, air jet air
solenoid valve (AJASV), is mounted on the picker mechanism along with an air reservoir
to help maintain the force of the air jet when performing a pick operation.
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This activity introduces the magnetic drum storage device. Both the drum and devices
are covered in this activity.

Magnetic Drums

The magnetic drum memory consists of a thin metallic cylinder made of iron or alumi-
num which is coated on the outside with a thin magnetic coating (see figure 12-8).

Thin magnetic coating

Metal cylinder

Figure 12-8. Magnetic drum construction

The drum memory stores the binary digits 1 and 0 in the form of magnetic spots on its
thin magnetic coating. Drum memories are used instead of core memories when access
time is of less importance than the storage capacity, and when cost is an important
factor. In general, drum memories are considerably cheaper than their magnetic core
counterparts; however, the drum memory is considerably slower. Typically, the drum
memories in use today have an access time ranging from 10 milliseconds to as much

as 1 second. Compare this to the access time of magnetic core memories which may be
1 microsecond or less. As you can see, magnetic core memory is significantly faster than
magnetic drum memory. But also consider that magnetic core memory is 1000 times
more expensive than magnetic drum memory. This is a classic example of the dilemmas
associated with computers; speed of processing versus cost of equipment.

Magnetic Drum Devices

In the drum memory, a magnetic recording head, similar to those used on home tape
recorders, is used to read and write data onto the magnetic film coating on the drum
(see figure 12-9). As the drum surface passes the read/write head, a current passing
through the writing head causes a spot on the drum surface directly beneath the head
to be magnetized.
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Read/write head

Read Write

Drum
surface

Rotation
-— e —

Figure 12-9. Read/write head

Similarly, when reading data out of the drum memory, the magnetized spots on the
drum surface cause a current to be induced into the reading head when the spots on
the drum surface are directly below the head.

When writing the data bit on the drum surface, a certain small area of the drum is mag-
netized. This area is called a cell and is the area required to store a single bit of data
(see figure 12-10). Obviously, the smaller the cell area required to store a bit of data,
the larger the number of bits that can be stored on a given drum surface. This again is
a question of economics; the smaller the cell area, the more costly the read/write heads
and associated equipment.

Read/write heads

Cell

\\\\\\\\\\

Sector

/- Track

Timing track Channel

Figure 12-10. Drum memory format
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One drum revolution, therefore, contains a certain given number of cells. This strip of
cells, which rings the circumference of the drum, is called a track (see figure 12-10).
The line of cells that is parallel to the center of the drum is defined as a sector. A com-
puter word is usually recorded in one of these sectors so that the number of cells in a
sector is the computer word length. The number of cells in a track, therefore, defines
the word capacity of the drum. For example, in figure 12-10, there are ten cells in the
sector. (The end track is usually a timing track that has clock pulses recorded on it for
purposes of circuit timing.) In addition, assume that there are 16 cells around the out-
side of the drum in one track. The drum, therefore, is capable of storing 16, 10-bit
words.

In the core memory, access to a given word requires only addressing the particular word
and the data can be read out or written in almost instantly. In the case of the drum,
however, after addressing the sector, the read/write heads are not activated until the
proper sector appears under the heads. Since the drum rotates at a constant speed, the
amount of time for a particular sector to appear under the heads can vary. That is, if
the next sector to pass under the heads is the addressed sector, the access time is rela-
tively short. On the other hand, if the addressed sector is the sector that has just passed
by the heads, the heads do not become active until the drum makes almost one more
complete revolution. In the second case, the access time is relatively long. Since each
condition is equally probable, the access time of the drum is specified as the time that
the drum will take to make one-half revolution. For example, if a drum rotates once-
every 10 milliseconds, the access time would be 5 milliseconds.

In the example shown in figure 12-10, the computer word filled up the entire length of
the drum. To obtain additional storage capacity, the drum can be extended along its
axis to accommodate more computer words. In the previous example, the drum was
capable of holding 16, 10-bit words. By doubling the length of the drum, 32, 10-bit
words can be handled. This is done by defining the area of the basic drum as one
channel and the additional area as the second channel. Addressing a particular word in
memory proceeds as it did for the previous example, but now the proper channel must
be included as part of the addressing information.

Figure 12-11 shows a four-channel system. Note that the timing track is not repeated
in each channel. In this case, four times as many read/write heads are also required,
which can get rather expensive. To alleviate this expense, modern systems use only the
original set of read/write heads and merely move the heads over the addressed channel.
Although this allows a considerable cost saving, access time now becomes greatly
increased because additional time is required to position the read/write heads. Also,

- some sort of positioning device is required. All of these factors must be taken into con-
sideration and weighed when a drum memory is selected. :
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