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APPARATUS FOR ASSEMBLING A DISC STORAGE SYSTEM 
INCLUDING A MODULAR INPUT/OUTPUT BOARD 

CROSS-REEERBNCE IO CO-PENDING APPLICATION 

5 This application claims priority benefits from U.S. provisional 

patent application Serial No. 60/133,021, filed May 7, 1999 and entitled 

"COMPACT MODULAR DIGITAL INPUT/OUTPUT BOARD." 

FIELD OF THE INVENTION 

The present invention relates generally to disc storage systems. 

to More particularly, the present invention relates to an apparatus for use in 

assembling disc storage systems. 

BACICGROUNP OF THE INVENTION 

Disc storage systems are used for storing information on one or 

more disc surfaces. The discs typically rotate at a relatively high speed while 

15 transducing heads which are carried on actuator armatures of an actuator 

assembly move across the disc surfaces. If multiple discs are used, they are 

typically carried on a single spindle. 

As storage density has increased, the size of the transducing 

heads has been reduced while storage systems have simultaneously become 

20 more delicate and require improved alignment accuracy. A tool, known in the 

art as a "merge/demerge" tool, is used to assemble an actuator assembly with the 

disc surfaces. The merge/demerge tool can be used for both assembly and 

disassembly. During assembly, the tool brings the actuator assembly together 

with the disc surfaces and loads the transducing heads onto the disc surfaces 

25 without damage to the heads. This process is reversed for disassembly. Such 

merge/demerge tools are shown in, for example, U.S. Patent No. 5,150,512 

entitled ''METHOD OF ASSEMBLING A DISK FILE" which issued September 

29, 1992 to IBM Corporation. 
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These merge tools are typically fairly large and relatively 

complex devices which must be customized for a particular ~odel of disc drive. 

Their physical size make their transportation cumbersome. It is also typically 

fairly difficult to build these devices as they require a large number of sensors 

s and actuator devices which must be individually wired and customized for each 

application. 

The present invention provides a solution to this and other 

problems, and offers advantages over the prior art. 

SUMMARY OF THE INVENTION 

10 The present invention relates to merge and/or demerge tools 

which can be easily reconfigured and solve the above-mentioned problem. 

In accordance with one embodiment of the invention, an 

apparatus for use in assembling a disc storage system includes an assembly 

controller configured to receive a plurality of sensor inputs and provide a 

15 plurality of controller outputs to thereby control a disc assembly system. A 

modular input/output board includes at least one modular input board configured 

to receive sensor inputs from the assembly system, at least one modular output 

board configured to send control outputs to the assembly system, and a header 

board configured to transfer input signals from the modular input board to the 

20 controller and to transfer controller outputs from the controller to the modular 

output board. 

These and various other features as well as advantages which 

characterize the present invention ~ll be apparent upon reading the following 

Detailed Description and review of the associated drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified diagram illustrating a ~erge/demerge tool 

for assembling or disassembling disc drives. 

FIG. 2 is a simplified block diagram showing a controller of the 

5 tool shown in FIG. 1 coupled to modular input and output boards. 

FIG. 3 is a more detailed top plan view showing a header board 

coupled to a modular input board and a modular output board. 

DETAILED DESCRIPTION 

Referring now to, FIG. 1anapparatus100 for use in assembling 

10 (or disassembling) a disc stack 102 with an actuator assembly 104 is shown in a 

simplified block diagram. Such an apparatus is known in the art as a 

merge/demerge tool. Disc stack or pack 102 includes a plurality of individual 

discs 106 carried on a spindle 108. Actuator assembly 104 includes a plurality 

of actuator arms 110 which carry transducing heads (not shown) on their distal 

15 ends. During assembly, the disc stack 102 and actuator assembly 104 are moved 

together as indicated by arrows 1 OS and the transducers are delicately positioned 

on the appropriate disc surfaces. In various embodiments of apparatus 100, the 

disc stack 102 itself can be assembled, the elements can be coupled or decoupled 

to/from motors such as spindle motors or voice coils for the actuator 

20 mechanism. The casing or other components can also be manipulated. 

Apparatus 100 includes a control system 120 which couples to 

sensors 122 and actuators 124. Control system 120 also provides an output on 

output device 126 which may comprise, for example, a display and receive input 

·through input device 128. Input device 128 can be, for example, a manual input 

25 for use by an operator or a network or computer input for receiving digital 

commands. 

In operation, control system 120 causes the merge (or demerging) 

of disc stack 102 and actuator assembly 104 using actuators 124 which are 

controlled by actuator output 130. Actuators 124 can include a device which 
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can be controlled by control system 120 including display devices. The position 

and movement of components of disc stack 102 and actuator. assembly 104 are 

sensed using sensors 124 and provided to control system 120 using sensor input 

132. This allows control system 120 to act as a controller based upon feedback 

5 from sensors 122 when controlling actuators 124. Sensors 122 and actuators 

124 can be any type of sensors or actuation device known or developed in the art 

which is used in a merge/demerge tool. 

FIG. 2 is a simplified diagram of control system 120 showing 

controller 150 coupled to a modular input/output board 152 through a data bus 

10 154 in accordance with one embodiment of the present invention. Controller 

150 typically includes a microprocessor or other device for controlling operation 

of the actuators 124 in response to the sensors 122 illustrated in FIG. 1. 

Modular input/output board 152 includes a header board 160 

which couples to controller 150 through bus 154. Modular input/output board 

15 152 also includes a modular output board 162 and a modular input board 164 

which couple to header board 160 through bus 166. As illustrated in FIG. 2, 

modular output board 162 couples to actuators 124 and modular input board 164 

couples to sensors 122. A plurality of output boards 162 and input boards 164 

can couple to header board 160 through bus 166. In one preferred embodiment, 

20 a total of six input boards 164 or output boards 162 can couple to a single header 

board 160. Header board 160 couples data bus 166 with data bus 154 such that 

controller 150 can send commands to individual actuators and receive data from 

individual sensors. In one preferred embodiment, each output board 162 can 

provide a total of eight different outputs to eight different actuators and each 

25 input board 164 can receive a total of eight sensor inputs from eight sensors. 

The modularity offered by the embodiment of input/output board 

152 set forth in FIG. 2 offers both size reduction and design efficiency in 

comparison with prior art· control systems used in merge/demerge tools. Using 

the embodiment set forth in FIG. 2, only the desired number of input boards 164 



-5-

and output boards 162 need to be provided and coupled to the header board 160. 

This allows the control system 120 to be smaller than in co:mparable prior art 

designs and allows greater design flexibility for changing the configuration of 

the merge/demerge apparatus 100 to be modified to function with different types 

s of disc drive systems. 

FIG. 3 is a top plan view of header board 160, output board 162 

and input board 164 shown assembled together. Header board 160 includes bus 

connection 200 which is configured to couple to bus 154 for communication 

with controller 150 shown in FIG. 2. Header board 160 also includes bus 

10 connections 202, 204, 206, 208, 210 and 212 which are used for coupling in 

input boards 164 or output boards 162. Header board 160 can, therefore, 

support a total of six input or output boards. Boards 160, 162 and 164 can be 

secured together using any appropriate technique, such as track which holds 

boards 160, 162 and 164. 

15 Input board 164 includes bus connection 214 for coupling, for 

example, to bus connection 202 of header board 160 through bus 166 shown in 

FIG. 2. Input board 164 includes sensor input plugs 216, 218, 220, 222, 224, 

226, 228 and 230 for coupling to a total of eight sensors 122 through sensor 

inputs 132 shown in FIG. 1. Each sensor plug 216-230 includes two sensor 

20 input connections 232 and 234 and a sensor power connection 236. Further, a 

light emitting diode (LED) or other display device 246, 248, 250, 252, 254, 256, 

258 and 260 is associated with each sensor input 216-230, respectively. LEDs 

246-260 are used for diagnostic purposes to indicate the receipt of data. Further, 

the power output 236 from each sensor input plug 216-230 can be used to power 

25 those types of sensors which require an external power source for their 

operation. 

Output board 162 includes bus connection 280 for coupling to, 

for example, bus connection 204 of header board 160 through bus 166 shown in 

FIG. 2. Output board 160 includes a total of eight output plugs 282, 284, 286, 
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288, 290, 292, 294 and 296. Each output plug 282-296 includes output 

terminals 298 and 300 for coupling to actuators 124 shown ~n FIG. 1 through 

actuator outputs 130. Further, eight LED or other display devices 302, 304, 306, 

308, 310, 312, 314 and 316 are associated with each respective output plug 

s connection 282-296 and can be used for diagnostic purposes. 

Although FIG. 3 only shows two modular boards, one input 

board 164 and one output board 162, additional modular boards can be 

configured to couple to header board 160. In the embodiment shown, a total of 

six modular boards can be coupled to bus connections 202-212 of header board 

10 160. This ·configuration allows a total of 48 total input and/or output 

connections to be supported by a single header board 160. 

The configuration provided with the present invention provides 

for a relatively small input/output board assembly with relatively inexpensive 

modular boards. Preferably, the output board 162 are capable of driving 

15 actuators requiring relatively large currents, for example 2 amps direct current 

(DC) or 1 amp alternating current (AC), using commonly availa~le driver chips. 

In one embodiment, a solid state power relay available from International 

Rectifier, part number PVG 612 is used to drive the output. In one embodiment, 

each modular board has dimensions of 1.125" x 4.25" x 0.5'' and typically 

20 requires less than half of the total size required in prior art designs. Each input 

and output uses a single removable connection with makes connection fast, 

simple and reliable. The header board 160 can be modified for use with 

different types of controllers 150. However, the modular boards 162 and 164 do 

not require reconfiguration for each type of controller. Instead, the header board 

25 160 handles the interface between the controller 150 and the modular boards 162 

and 164. This allows cost reduction because only a single input board 164 and 

output board 162 need be designed and can be reused for other configurations. 

Additionally, the header boards 160 can be designed to function with a bus 154 

which is either serial or parallel. In one configuration, input board 164 is 
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configured to receive either AC or DC inputs ranging between 0 volts and 60 

volts. In one embodiment, opto-isolators are used to isolate the input signals 

from the other electronics. Such opto-isolators are available from NEC 

Corporation, part number P52505-l-NEC. Various sensors inputs through plugs 

5 216-230 can receive either AC or DC sensor inputs. 

Aspects of the present invention include input/output board 152 

for use in an automated control system. The automated assembly system 

includes an assembly controller 150 configured to receive a plurality of sensor 

inputs and provide a plurality of controller outputs. The modular input/output 

10 board 152 includes at least one modular input board 164 configured to receive 

sensor inputs from the assembly system. Further, the modular input/output 

board 152 includes at least one modular output board 162 configured to drive 

components of the assembly system. The header board 160 of the modular 

input/output board 152 is configured to transfer input signals from the modular 

15 input board to the controller and to transfer controller outputs from the controller 

150 to the modular output board 162. 

The header board 160 includes a plurality of bus connections 

202-212 configured to couple to the modular boards. The input and output 

boards include bus connections 214, 280 configured to couple to the header 

20 board 160 through a bus 166. The modular input board 164 includes at least one 

sen8or plug 216-230 configured to couple to a sensor and receive sensor inputs. 

In one embodiment, a power output is configured for each of the sensor inputs to 

provide power to each of the sensors. LEDs 246-260 and 302-316 are 

configured to provide diagnostic information for the input and output boards. 

25 The output board 162 includes at least one output plug 282-296 configured to 

drive components of the assembly system. The inputs to the modular input 

board 164 can access both AC and DC signals ranging between 0 and about 60 

volts. Further, inputs from either NPN or PNP transistor type sensors can be 
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received. The output board is configured to provide outputs of up to 2 amps DC 

and 1 amp AC. 

It is to be understood that even though numerous characteristics and 

advantages of various embodiments of the present invention have been set forth in 

s the foregoing description, together with details of the structure and function of 

various embodiments of the invention, this disclosure is illustrative only, and 

changes may be made in detail, especially in matters of structure and arrangement 

of parts within the principles of the present invention to the full extent indicated by 

the broad general meaning of the terms in which the appended claims are 

10 expressed. For example, the particular elements may vary depending on the 

particular application for the modular input/output board while maintaining 

substantially the same functionality without departing ftom the scope and spirit of 

the present invention. In addition, although the preferred embodiment described 

herein is directed to a merge/demerge for a disc storage system, it will be 

15 appreciated by those skilled in the art that the teachings of the present invention 

can be applied to other machine control systems, like automated assembly systems, 

without departing ftom the scope and spirit of the present invention. 
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WHAT IS CLAIMED IS: 

1 An apparatus for use in an automated ~sembly system, 

comprising: 

an assembly controller configured to receive a plurality of sensor 

inputs and provide a plurality of controller outputs to 

thereby control the assembly system; and 

a modular input/output board including at least one modular input 

board configured to receive sensor inputs from the 

assembly system, at least one modular output board 

configured to drive components of the assembly system, 

and a header board configured to transfer input signals 

from the modular input board to the controller and to 

transfer controller outputs from the controller to the 

modular output board. 

2. The apparatus of claim 1 wherein the header board includes a 

plurality of bus connections configured to couple to modular boards. 

3. The apparatus of claim 1 wherein each modular board includes a 

20 bus connection configured to couple to the header board through a bus. 

4. The apparatus of claim 2 wherein the header board includes at 

least six bus connections configured to couple to at least six modular boards. 

25 s. The apparatus of claim 1 wherein the modular input board 

includes at least one sensor plug configured to couple to a sensor and receive 

sensor inputs. 
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6. The apparatus of claim S including at least eight input plugs for 

coupling to at least eight sensors. 

7. The apparatus of claim S wherein the sensor plug includes a 

s power output configured to provide power to a sensor. 

8. The apparatus of claim S including a light emitting diode (LED) 

associated with the input plug configured to provide diagnostic information. 

10 9. The apparatus of claim 1 wherein the modular output board 

15 

includes at least one output plug configured to couple drive components of the 

assembly system. 

10. The apparatus of claim 9 including at least eight output plugs. 

11. The apparatus of claim 9 including at least one light emitting 

diode (LED) associated with the output plug configured to provide diagnostic 

information. 

20 12. The apparatus of claim 1 wherein the modular output board 

includes a bus connection configured to couple to the header board through a 

bus. 

13. The apparatus of claim 1 wherein the modular input board 

includes a bus connection configured to couple to the header board through a 

25 bus. 

14. The apparatus of claim 6 wherein the input plug is configured to 

accept both alternating current (AC) and direct current (DC) signals. 
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15. The apparatus of claim 6 wherein the input plug is configured to 

accept signals ranging between about 0 volts and about 60 volts. 

16. The apparatus of claim 6 wherein the input plug is configured to 

s accept signals from both NPN and PNP transistor type sensors. 

17. The apparatus of claim 9 wherein it is configured to provide an 

output of up to 2 amps direct current (DC) and 1 amp alternating current (AC). 

10 18. The apparatus of claim 1 wherein the automated assembly system 

15 

20 

comprises a merge tool configured to assemble a disc storage system. 

19. The apparatus of claim 1 wherein the automated assembly system 

comprises a demerge tool configured to disassemble a disc storage system. 

20. An apparatus for use in an assembly system, comprising: 

a controller means for receiving a plurality of sensor inputs and 

for providing a plurality of controller outputs to thereby 

control the assembly system; and 

a modular input/output board for receiving sensor inputs from the 

assembly system and for driving components of the 

assembly system in response to the controller outputs. 


