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ABSTRACT 

To develop a conceptual design for an automated longwall 

mining system, one should know what has been done, what is 

being done today and what is being planned for tomorrow. 

The bibliography referenced and discussed in this report 

provides a good source for that knowledge. To scientifi­

cally determine where attention should be focused to up-grade 

a system, the system must be quantized as far as possible. 

The Mechanization Profile of Appendix A-1 is discussed in 

this report and has been used to analyze and determine the 

degree of mechanization currently in use and/or described 

in the literature for all three major elements of the long­

wall system, namely, Winning, Roof Support and Haulage. 

The charted profiles make it self-evident where attention 

and design effort is needed to remove human operators from 

the face of the mine. 

iv 
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1.0 INTRODUCTION 

This report covers Phase II of a three-phase study 

authorized by the U.S. Bureau of Mines to develop a 

conceptual design for an Automated Longwall Mining Sys­

tem. Phase I relates to a survey of existing operating 

longwall mines and their equipment. 

Phase II is a Survey of the State-of-the-Art of automation 

and remote control and is the subject of this report. 

Phase III is the development of a conceptual design of 

an automated 1longwall mining system including all equip­

ment and functions located at the face and in the head 

and tail entries. 

Phase II, the survey of the State-of-the-Art was conducted 

in four parts. 

Part one was a review of the literature pertaining to 

automation of longwall equipment and of other heavy equip­

ment where it might have application to a longwall installa­

tion. A bibliography of this literature is listed in the 

Appendix of this report. The listing is in reverse 

chronological order. Where pertinent in the text of the 

report, certain references are annotated. No translation 

was made of any foreign articles, but they were scanned 
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for content and did not contain any information that was 

not available in English. 

Part two included two visits to Longwall Mines and direct 

observation of typical current methods of operation and 

control. The observations made, along with the data de­

veloped by Phase I, are reflected in the Mechanization 

Profiles in this report. 

The data gathered in parts one and two was analyzed in 

part three. It was quickly evident that a wide range of 

procedures are used among the current mines and therefore 

our analysis is based upon a hypothetical mine and the 

equipment is discussed in generic terms. Where the report 

refers to the "Frontier" State-of-the-Art in the discussion 

it is referring to controls that are described in the· 

literature without regard to their degree of succe~s. 

It does not refer to what can or might be done. That 

will be included in Phase III. 

Part four is this report and its presentation. Because of 

limits of space and time the report does not discuss all 

aspects of the means for controls and automation nor does 

it do justice to the voluminous literature on the subject. 

The report has however, faithfully followed the basic 

intent of the overall study and has covered the total 
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KEEP TAB ON YOUR BUSINESS•IT PAYS 



range of operations and equipment to be controlled and 

has prepared a sound basis for proceeding with Phase III, 

the development of a Conceptual Design for increasing 

productivity and improving safety. 

1.. 2 
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2.0 MECHANIZATION PROFILE 

The production of coal involves a number of basic and ele­

mental functions or operations or tasks. The coordinated 

combination of all elemental functions results in the 

"producing" of coal. 

Each operation can be ranked on a scale from 1 to 17 that 

reflects the level of mechanization present in the perfor­

mance of the elemental operation. At the lowest level (1) 

the operation is completely manual. At the highest level 

(17) the elemental operation is performed completely auto-

matically, not requiring man's direct intervention. 

A system chart can be created by listing every elemental 

operation in sequence as it normally occurs in the produc­

tion process, and then plotting the appropriate level of 

mechanization that occurs at each operation. 

Figure 1, "Mechanization Profile," is a chart where it is 

convenient to record, for each elemental operation, the level 

of mechanization used in its execution. The levels are both 

numbered and described. 

The levels in Figure 1 are bracketed in terms of power source, 

control source and feedback. Mechanically powered work 

2.0 
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first appears at level 3, but complete manual decision­

making and control is required up through level 4. At 

level 5 a single function can be completed mechanically. 

The first sensing of a process or function characteristic 

by hardware shows up at level 9. However, manual decision­

making is still required up through level 11. At level 12 

closed loop control ·feedback first appears. Sophistica­

tion of feedback control continues up through level 17. 

Thus, each level of mechanization is described in several 

ways. For example, an operation at level 5 is seen to be 

carried out by a Power Tool, Fixed Cycle (Single Function). 

The power source is shown to be Mechanical. The control 

source is shown as Mechanical Control. The feedback is 

indicated as Open Loop. 

A considerable amount of information is automatically implied 

whenever an operation is assigned to a certain level. 

Each of the 17 numbered levels of mechanization, as inter­

preted for various coal mining operations, is briefly 

described below. 

level 1 Hand 

Body members are used to perform the required 

action without tools; for example, picking up 

coal, or sighting alignment by eye. 

2.2 
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level 2 

level 3 

level 4 

level 5 

level 6 

level 7 

Hand tool. 

A nonpowered tool is added to supplement the force, 

strength, forming action, or manipulative ability 

of body members; for example, a shovel. 

Powered hand tool 

Mechanical power is added to supplement body 

strength; for example, a jackhammer. 

Power tool, hand control 

A framework is added to guide and limit processing 

action to specific spatial limits. Control of 

tool application remains in the operator's hands; 

for example, a roof bolt drill. 

Power tool, fixed cycle, single function 

The machine repeats a single action without human 

attention; for example, a belt conveyor. 

Power tool, program control, multifunction 

The machine performs a fixed sequence of actions 

without human intervention; for example, a batch 

control chock system. 

Power tool, remote control 

The point of control is separated from the point 

2.3 
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level 8 

level 9 

of application, enabling consolidation or integra­

tion of many controls in one station; for example, 

the headgate control console. 

Power tool, activated by workpiece 

The machine is triggered into its cycle by the 

work, rather than the operator; for example, a 

panel belt conveyor edge guide. 

Measurement 

The machine identifies quantitatively some char­

acteristic of operation; for example, coal hard­

ness or thickness. 

level 10 Signaling selected values of performance 

The machine measures and then signals significant 

performance actions by making a comparison to 

established standards; for example, coal hard-

ness compared to rock hardness. 

level 11 Performance recording 

The machine measures and creates permanent records 

of its action; for example, number of tons of coal 

being won. 

2.4 
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level 12 Machine action altered through measurement 

The measurement of performance is translated into 

a s~gnal that adjusts some simple machine action 

such as speed, volume, or direction; for example, 

a nucleonic probe that adjusts ranging arm. 

level 13 Segregating or rejecting according to measurement 

The machine makes physical disposition of work 

produced according to some measured character~ 

istics. Longwall mining examples for this and 

higher levels have not been found in this survey. 

level 14 Selection of appropriate action cycle 

The machine selects one of several sets of produc­

tion actions (of the level 6 order) through 

identification of some environment or product 

characteristic. 

level 15 Correcting performance after operating 

The machine examines its output and adjusts itself 

to correct it. 

2.5 
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level 16 Correcting performance while operating 

The machine measures and adjusts continually 

during .the operation to maintain output within 

standards. 

level 17 Anticipatory performance control 

The machine analyzes environmental requirements 

and adjusts to achieve desired performance prior 

to operation. 

2.6 
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3.0 LONGWALL PROFILE 

The longwall profile is an analysis of both current long­

wall methods and advancing, "frontier" technologies. 

Current methods are based on a hypothetical, composite 

longwall mine. See Figure 2. Operations of particular 

mines may vary slightly or greatly. 

The sequence of activities for each major longwall opera­

tion is described in detail, beginning on page 3.2. 

Mechanization levels for current methods are analyzed. 

The chart of these levels, page 3.42, forms the mechani­

zation profile of commonly encountered longwall practices. 

In addition to current methods, relevant advanced tech­

nologies are also described, with corresponding mechaniza­

tion levels. These levels reveal the current advance of 

rnechani,zation. 

The line between the mechanization levels 6 and 7 deline­

ates the level where an operator is no longer required at 

the point of operation. To accomplish successful mechani­

zation, the majority of longwall methods must be advanced 

to level 7 or beyond. 

The mechanization profile will form the basis for an order­

ly program of elevating longwall mechanization levels. 

3.0 
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3.1 Winning 

3.1.1 Shearer 

3.1.1.1 Inspection 

At the beginning of each travel along the long­

wall face, the shearer operator performs a series 

of manual inspections. He checks the cutter drum 

for broken or damaged bits. He looks over the 

shearing machine to check for damaged or loose 

equipment or controls, the condition of the con­

veyor rails and shearer running gear, the align­

ment of the shearer unit with the face, etc. 

The operator inspects the condition of the 

conveyor pans and drag chains. He also visually 

checks the orientation of the conveyor with the 

face. 

He inspects the condition of the face for con­

ditions that obstruct beginning of the next 

travel. 

The operator corrects any defects he finds, or 

obtains help. Repairs are made by hand or with 

hand tools. 
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These functions are all performed at level 1 

(they become level 2 if hand tools are used 

for maintenance). 

No advances were found in the state of the 

art of the initial inspection function for 

longwall mining. 

These functions are necessary for successful 

operation of a shearer. Because of adverse 

conditions and heavy service, mechanical, 

electrical, and hydraulic problems will arise. 

Without inspection the shearer would be subject 

to frequent breakdowns and unsatisfactory 

performance. 

Detectors, signal devices, and alarm systems 

are available and can be incorporated into 

a shearer design to automatically monitor 

some of the important problem areas, detect 

defects, stop the shearer at the end of the 

face, summon a mechanic, and indicate the 

nature of the problem. For example, a commer­

cially available device could be adapted to 

monitor hydraulic fluid pressure and tempera­

ture. The commercial system, designed for 
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fork lift trucks, has sensors to measure 

fluid temperature and pressure. A control 

unit compares the signals to preset values. 

If either measurement becomes critical, an 

alarm is activated to indicate the vehicle 

should be serviced. If not serviced, the 

machine is stopped after a predetermined delay. 

Such an automated system could not detect all 

of the problems that a man could theoretically 

find. On the other hand, the automated system 

would find faults sooner and would detect 

faults that a man could not see. The control 

system would be level 10, measuring and signal­

ing defects as they occur or are about to 

occur. 

A decision would have to be made to either 

automate the inspection function or to provide 

a man at one or both ends of the face, who 

would perform the inspection of the shearer. 

The economics of these alternatives would be 

the investment in control equipment versus 

the savings in labor and reduced maintenance. 
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It should be noted at this point that an 

automated shearer will be most effective if 

it is redesigned to incorporate the automa­

tion components. Retrofitting control system 

is not impossible; however, sacrifices in 

performance generally are encountered when 

patchwork is attempted. 

3.1.1.2 Startup 

After completing the inspection function, 

and performing any maintenance required, the 

operator must make the decision that the 

equipment is ready for the next pass. Having 

decided to proceed, he begins the startup 

function. He observes the position of the 

cowl and determines that it must be moved. 

He then reverses the cowl. The operator jams 

a timber between the drum and cowl, turns on 

the drum and uses drum power to flip the 

cowl. More recent~y, a power cylinder has 

been added to raise the level of this opera­

tion to level 5. 

3.5 
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Next, the operator visually checks the height 

of the roof and/or the floor desired in the 

next pass, estimates the height of the shearer 

drum(s), and adjusts the drum(s) to the 

desired location(s). 

The operator then inspects the water spray 

equipment, adjusts the equipment, and turns 

on the water. 

The operator checks and det~rmines that all 

of the above functions have been satisfactor­

ily perforlTl.ed and then starts the drum motor(s). 

In the final step of the startup function, 

he checks for correct conveyor and support 

alignment, for obstacles in the shearer path, 

for correct shearer drum operation, for correct 

alignment of the shearer relative to the face, 

for conveyor operation, and other items; and 

starts the shearer travel. 

As in the inspection function, all startup 

activities are performed at low levels of the 

mechanization profile. Inspection and observa-

tion are done manually, level 1. Operating the 

3.6 
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various shearer controls is performed at level 

4 (hand controlled power tool) or level 5 (hand 

activated power tool with a fixed cycle). 

The general layout of a system to perform the 

startup function in an automated shearer can 

be readily envisioned. It would be a level 6 

system, automatically performing a sequence 

of operations. The startup sequence would be 

activated manually or by the completion of the 

previous function. 

First, a hydraulic cylinder would reverse the 

cowl. Second, sensors would indicate roo·f 

and floor position. (The sensors would be 

part of the shearer control system used during 

running along the face). A proportional con­

trol device would adjust the drum position(s). 

Third, the water and drum motor would be 

activated. These controls would be interlocked 

to previous functions to prevent activation 

if the previous function were not completed. 

Finally, the travel motor would be started. 

It would also be interlocked: . to the completion 

of previous activities, to switches indicating 
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correct alignment of shearer, conveyor and 

supports, and to sensors indicating correct 

shearer operation. 

The startup control section could be integrated 

with the turnaround system, described later, 

and the inspection system, above. The three 

functions occur in sequence and have common 

elements of inspection and repositioning of 

shearer components. 

The decision must be made whether to design 

and install the comparatively simple system 

in an automatic shearer or to retain men at 

each end of the face. 

No advances have been found in the state of 

the art in this area. 

3 . 1. 1. 3 Running 

The next shearer function is running down the 

seam face. During the run the operator alter-

nately observes the progress and operation of 

the shearer and adjusts two controis: shearer 

speed and drum height. This is the most com-

plex of the longwall functions. 

3. 8 
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The operator's observations are mainly at level 1, 

without tools. Occasionally, he may measure roof 

height with a rule, a level 2 function. 

In order to control drum height, the operator 

makes observations and interprets their possible 

meaning that might cause him to decide to adjust 

the drum height: 

- drum vibration: breaking through seam, 

hitting rocks in seam 

shearer sound: breaking through seam, 

hitting rocks 

- coal color: cutting too close to roof or floor 

- sparks: breaking through seam, hitting rocks 

- lump size: breaking through seam 

- rock visible in face: avoid rocks 

- inclination of seam: change horizon 

- height of seam: adapt to change in height 

- fault, obstruction in face, roof support inter-

ference: stop shearer; obtain assistance 

if needed; break out fault interference, if 

3. 9 
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necessary, remove or break up obstruction, 

manipulate chock controls and remove chunks 

from canopy to reposition roof support; 

manipulate shearer controls to cut around 

and pass obstacle. 

- a number of observations may be made.that are 

not known at this time, that may affect the 

operator's decision to adjust the drum height(s). 

All of the above observations are made at level 1, 

without benefit of tools. 

The operator translates the observations into a 

decision to adjust the drum(s) and a judgment of 

how much to adjust them. Adjustments of shearer 

controls are level 4 (hand controlled power tool). 

There are currently four significant approaches to 

drum height control mechanization: 

First, remote control systems (level 7) have been 

installed on a number of shearers. The operator 

carries a control panel up to 25 feet away from 

the shearer. He has the ability to adjust drum 

height (as well as travel speed). Typically, 

control lines between the control panel and shearer 

are electric or hydraulic. 

3.10 
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A radio transmitter-receiver set is also avail­

able with a reported range of up to 50 feet, 

depending on mine conditions. 

Appendix B) • 

(Reference 84, 57,163 

The advantages of this system are that the 

operator is safer away from the shearer and 

has a better vantage point for observing the 

face and equipment. However, he has not been 

removed from the longwall face. 

The second system provides closed loop control 

of a shearer function for the first time. A 

nucleonic .sensor pressed against the roof 

measures coal thickness by differential coal/ 

overburden radiation absorption. An electronic 

controller adjusts drum height to maintain the 

correct horizon. (References 28, 129, 163 and 

170, Appendix B). The system is a level 12 

function and eliminates the need for the 

operator for drum height control. In the 

installations that have been tested, the oper­

ator is still required to control travel speed. 

See Fig. 4. 
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NUCLEONIC AUTOMATIC STEERING SYSTEM 

Fig. 4 

3.13 



The third drum height control system uses a 

tracer to sense the level of the roof from 

the previous cut. The signal is used to pro­

vide an adjustment signal to the operator 

(level 10), or automatically change the drum 

height (level 12). This system appears to 

have limited value because it does not eliminate 

the need for the operator in the first case, 

and because it does not truly adapt the hori­

zon to the seam, but merely repeats the past 

horizon. (Reference 165, Appendix B). See Fig. 5. 

The fourth system contains sensors on the drum 

picks to measure cutting resistance. When 

the drum breaks through the seam into the 

harder overburden, the sensitized picks generate 

a signal that lowers the drum. This level 12 

feedback system also has potential for sensing 

rock inclusions in the seam. (References 165, 30f, 

Appendix B) . 

The second major shearer control is travel 

speed. In present practice, the operator per­

forms a pattern of observation/decision/adjust­

ment similar to that described for drum height 
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control. Observations are again performed at 

level 1 or 2. The observations and interpre-

tation of meaning are: 

- cutter vibration: overloaded cutter, slow travel 

- shearer sound: overloaded cutter, slow travel 

- coal color: stop for adjustment 

- sparks: stop for adjustment 

- lump size: stop for adjustment 

- rocks visible in seam: slow travel 

- inclination of seam: stop for adjustment 

- height of seam: stop for adjustment 

- faults in face: stop or slow 

- obstruction at face: stop to avoid 

- conveyor stopped: stop shearer (where shearer 

motor not interlocked with conveyor 

movement) 

- conveyor overfilled: stop or slow shearer 

- support position: stop to avoid hitting support 

- other factors may require observations that 

are not known at this time 

3.16 
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Based on the above observations, the operator 

decides to change travel speed or stop the 

shearer, a level 5 function. 

On machines equipped with speed control, the 

operator can also decide to select automatic 

mode. In automatic, the resistance to shearer 

travel is sensed, indicating hardness of the 

face. Travel speed is automatically switched 

to fast or slow corresponding to "hard" or 

"soft" faces. This is a level 12 operation 

(automatic measurement and adaptation) . This 

system could easily be exnanded to include an 

"emergency stop" output. 

Reviewing shearer running control, it is 

apparent that automation can be accomplished by 

combining the nucleonic probe for drum control 

with the automatic speed control system. These 

two systems, or adaptations of them, would 

perform the basic operator functions. The 

shearer would become a unified level 12 machine. 

It is also apparent that the present operator 

performs a number of observations that influence 
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his actions and that are not sensed in the 

above combined control system. Some of the 

observations are unknown. The operator him-

self may not be able to define what he observes. 

Further study is required to determine one, 

which conditions must be measured in an 

automated system to insure ~cceptable shearer 

operation; and two, how the shearer design 

can be improved to minimize the amount of 

measurement and corrective action required. 

3.1.1.4 Turnaround 

As the shearer reaches the end of the face 

the turnaround sequence begins. The operator 

observes that the end of the face has been 

reached. He changes drum positions and moves 

the shearer back and forth to complete clean-up 

of coal at the end of the cut and to start the 

next cut. He waits for the conveyor snake to 

be completed and stops the shearer at the end 

of the face. 

are stopped. 

The water spray and drum rotation 

The shearer is then ready to 

start a new cycle beginning with inspection. 
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All observations are manual, level 1, and all 

shearer operations are level 4 or 5. 

No state of the art advances are known for 

shearer turnaround. 

A sequenced, level 6 system can be developed to 

perform the turnaround function. A limit switch 

would sense the end of the face and start a pro­

grammed sequence that would change the drum 

height(s), reverse the shearer travel for a 

predetermined distance, wait for a snake com­

pletion signal from the last chock, and return 

to the end of the face. 

3.1.2 Winning, Plow 

3.1.2.1 Inspection 

A plow operator manually inspects the plow at 

the end of each travel cycle, normally at the 

headgate. He looks for dull or broken bits. 

He performs a visual inspection for damaged, 

loose, or nonfunctioning equipment, haulage, and 

controls. He also inspects the condition of 

conveyor rails and plow guide shoes. 

He checks the condition and alignment of the 

conveyor pans and conveyor chains, flights, and 

drive. He inspects the face near the headgate area. 
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Fault or problems are corrected manually, level 1, 

or with hand tools, level 2, by the plow operator 

or by a mechanic. 

The plow operator observes the correct advance and 

_alignment of the face conveyor and drives, level lf 

Corrections are made as necessary, generally by 

adjusting hydraulic cylinders, level 4. The opera­

tor judges that the plow will plane into the coal 

face correctly.· The plow operator checks to see 

that there are no coal jams or other obstructions, 

level 1. 

Based on his inspection of the face or information 

from others in the face, the plow operator may re­

position the plow bits to adjust the height, depth, 

or profile of the face, level 2. 

Roof support operators also inspect the condition 

of the face. They communicate to the operator 

the need to adjust plow bits or the need to stop 

the plow and have it pass over a portion of the 

face more than once. 

The roof support operators observe that the plow 

is cutting at the correct level. They may adjust 

conveyor tilting jacks, level 4, to correct cutting 

height. 

3.20 

KEEP TAB ON YOUR BUSINESS-IT PAYS 



No proven advances in plow inspection or adjust-

ment were discovered. In one manufacturing com-

pany, a plow had been tried experimentally which 

had a spring loaded upper bit assembly for remov­

ing top coal. The bits were designed to plane 

along the roof without cutting into rock. The 

spring accommodated variations in seam thickness. 

This plow has apparently not been used extensively 

for production. As a machine that responds to 

changes in the work (coal seam) without human 

intervention it is a level 12 mechanization. 

As with the shearer, regular and pertinent inspec­

tion and repair of the plow and associated equip­

ment helps maintain coal output by preventing 

unexpected machinery breakdowns. 

Some inspection control devices could be adapted 

to the plow to check for plow misalignment with 

conveyor and face caused by damaged parts or other 

reasons. It would also be possible to detect 

broken or excessively dull tool bits. These sen­

sors could be incorporated into alarms and con­

trols at the plow operator's controls. 
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3.1.2.2 Start-up 

After making inspections and corrections, the plow 

operator determines that the plow is ready to start 

its next pass down the face. He activates the water 

spray system and starts the travel motor, level 4. 

3.1.2.3 Running 

Water spray nozzles may be activated along the face 

by a mechanism of level 8, activated by the work 

piece. An analog nut is driven by a threaded shaft 

coupled by the plow drive such that the position of 

the plow along the face is proportional to, and is 

represented by, the position of the nut on the 

shaft. At appropriate points the nut turns water 

sprays on and off in the face area surrounding the 

plow. 

The operator also controls water spray manuall~ as 

required, level 2. 

The operator observes the plow operation in the 

vicinity of the headgate. Roof support operators 

stationed along the face observe the progress of 

the plow and the condition of the face. They com-

municate problems and ~alfunctions in the face to 

the plow operator, who takes or coordinates correc­

tive action described under 3.1.2.1, Inspection. 
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The plow operator observes the coal coming from 

the face conveyor. He or the roof support operators 

investigate and take corrective action when the 

coal is interrupted or jammed. Coal presence and 

pileup detectors can also be used on the headgate 

end of the face conveyor to detect interruption and 

jams and activate an alarm. 

3.1.2.4 Turnaround 

The tailgate operators perform abbreviated versions 

of 3.1.2.1, Inspection and 3.1.2.2, Start-up 

functions when the plow reaches the tailgate. The 

plow is stopped, manually or by a position sensor; 

alignment of the conveyor and plow is checked and 

correctedJ the plow is inspected for damage; and 

the return pass is started. 

No evidence was found of significant advancement in 

the automation of plow start-up, running, or turn­

around. 

3.2 Roof Supports 

3.2.1 Shearer System 

Chock roof supports are used in this typical profile. 

There are four control methods of advancing the chocks: 

Manual, Bank/Sequential and Remote Controlled, and 

Shearer Actuated. See Fig. 6. 
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a. Manual 1 

2 

b. Batch/Sequential 

1 3 3 3 4 3 3 

c. Remote 
5 6 4 

7 8 9 6 

d. Shearer Actuated 4 

,CHOCI< CONTROL SYSTEMS 

1. Hydraulic line 6 • Control lines 

2. Manual valve 7 • Face 

3. Sequencing valve 8. Shearer 

4. Remote-operated valve 9. Sensor 

5. Control panel 

Fig. 6 
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There are two operating procedures for sequencing con­

veyor snake and chock advance, the one web back and 

the conventional (or non-one web back) methods. The 

.Primary distinction between the two is that with one 

web back operation, the chock advances immediately 

after the shearer makes a cutting pass. Then the· chock 

ram pushes the conveyor against the new face. In this 

way the newly cut roof is supported by the chock canopy 

as soon as possible after the shearer passage. 

With non-one web back operation, on the other hand, 

the chock ram first pushes the conveyor forward, after 

a shearer cutting pass, and then performs its advance. 

The new roof is not supported by the chock until after 

conveyor snake is completed. 

A "rapid support" variation of the conventional operat­

ing method does allow immediate support of the freshly 

exposed roof section. The front of each chock canopy 

has an extendible section. The operating procedure 

is different in that the extendible section is moved 

forward immediately after the shearer cutting pass, 

in order to quickly support the roof. The conventional 

sequence of conveyor snake followed by chock advance 

is then followed. 
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Any of the operating methods can be used with the 

Manual, Bank/Sequential, Remote Controlled or Shearer 

Actuated Control Systems. The one web back and the 

standard non~one web back procedures are described 

under the manual method. 

3.2.1.1 Manual 

In the manual method, operators crawl along the 

face, making observations and judgments (level 1) 

and operating hydraulic valves (level 4 and 5). 

3.2.1.1.1 One web back 

Starting at chock 1, the operator observes 

the shearer and judges that it is 5 to 15 

feet away. He determines that there are no 

obstacles in the path of the chock advance. 

He lowers the canopy by means of a hydraulic 

valve movement. He advances the chock by 

means of another valve movement. He raises 

the canopy and observes completion of the 

chock advance. If necessary, he adjusts 

the chock's terminal position to secure the 

chock advance. 

He moves to the next three chocks and repeats 

the advancing operation. 
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The conveyor is then snaked forward under 

the recently advanced chocks. He moves to 

chock 1 and observes that there are no ob­

stacles to snaking the conveyor. 

He actuates the hydraulic ram valve to advance 

the ram. He observes completion and corrects 

as necessary. 

He moves to chock 2 and releases the ram 

hydraulic lock. He moves to chock 3 and 

releases the ram hydraulic lock. He moves 

to chock 4 and releases the ram hydraulic 

lock. 

He observes the shearer position, determines 

that there are no obstacles and advances 

the ram. He observes if advance is satisfactory 

and adjusts if necessary. 

He moves to chock 2 and advances the ram. 

He moves to chock 3 and advances the ram. 

He moves to chock 5 and repeats the chock 

advance sequence. He continues down the 

face in unison with the shearer. 
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The manual method is cometimes altered such 

that the valves that operate one chock are 

located on the adjacent chock. The operator 

is in a safer position because he is not 

under a moving chock while operating the 

valves. 

3.2.1.1.2 Non-one web back 

The operator observes the shearer passage 

along the face. Beginning at chock 1, he 

determines that the shearer is 25 to 30 feet 

away. He moves to chocks 1, 2, 3 and 4 in 

turn, releasing the ram hydraulic locks. 

On chock 1 the operator activates the hydraulic 

valve pressuring the conveyor raB, pushing 

the conveyor forward against the face. He 

observes the conveyor movement, determines 

if the movement has been completed, removes 

obstacles and adjusts conveyor position as 

required. When he determines that the conveyor 

is against the face, the operator moves on 

to chocks 2, 3, and 4 and operates the valves 

pushing the conveyor ram forward. This con-

veyor snake operation is repeated for the 

remainder of the chocks. 
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The chocks are advanced as soon as possible 

after conveyor snake. The operator deter-

mines that the conveyor pan at chock 1 is 

correctly positioned against the face. He 

determines that there are no obstacles in 

front of the chock. He operates hydraulic 

valve controls to lower the canopy and then 

pull the chock forward with the conveyor 

ram. He observes completion of the chock 

forward motion, removing obstacles and correct-

ing movements as necessary. He pressurizes 

the leg cylinders with the valve controls 

and observes that the canopy is correctly 

seated against the roof, adjusting chock 

controls if necessary. He observes the leg 

pressure indicators (if so equipped) to deter­

mine that setting pressure has been reached. 

The operator moves to the next chock and 

repeats the chock advance sequence for each 

chock in turn following the shearer travel. 

3.2.1.2 Batch/Sequential 

The Batch/Sequential systems raises chock mechani­

zation to level 6, sequential control. 
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Sequencing is applied in two ways. First, hydraulic 

valving in each chock is arranged so that rams auto­

matically operate in a sequence similar to that 

described in the manual system. Each hydraulic 

cylinder motion occurs after completion of the 

previous cylinder motion to accomplish the chock 

advance and conveyor snake. 

The chock operator determines when each chock is 

to be advanced. He then activates the chock con­

trol cycle, which completes the chock's entire 

advance sequence. After observing the completion 

of the advance of the chock the operator moves 

to the next chock to repeat the advance cycle. 

Each chock is a level 6 mechanism. ( Ref • 1 0 2 , 18 4 ) 

With this system, an operator helper is less likely 

to be required, and the chocks can be advanced 

faster. 

Second, sequential control is applied to a series 

(or bank) of chocks. When the first chock in a 

bank receives an actuating signal, it performs . 

the series of advance motions. It then signals 

the second chock advance, and so on, to the end 

of the bank. The bank length is limited to the 

distance that the operator can safely see. 
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The operator positions himself at the first chock 

and observes conveyor snake. When he judges it 

to be far enough away (depending on bank length 

and speed of chock advance) he initiates advance. 

He observes completion of advance of all chocks, 

taking corrective action where necessary, and 

then moves to the first chock in the next bank. 

With the system each bank of chocks comprises a 

level 6 system. (Ref. 102, 184) 

The two forms of the sequential system described 

above require one or more operators at the face, 

Speed of advance and operator safety is improved 

over the manual system, but the chock advance 

function remains at level 6. Also separate sig­

nals are still required to activate conveyor 

snake. 

3.2.1.3 Remote Control 

Remote chock advance is a level 7 operation. 

Electric or hydraulic lines extend from a remote 

control console outside of the face to the chocks. 

Hydraulic pressure switches and ram potentiometers 

at the chocks indicate the position of conveyor 

snake and verify that individual chocks have corn-

pleted their advance. Sensors also signal the 

position of the shearer. 
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The console operator notes the progress of the 

shearer and determines when the conveyor should 

be advanced. He also verifies that chocks are 

in the correct positions. He then actives con-

veyor snake.and chock advance for an individual 

chock. Snake and advance may be sequenced or 

operated separately from the console, depending 

on the system design. He determines that advance 

is complete, or takes corrective action. 

(Ref. 155,171, 175, 178) 

In a variation of this system, a bank of chocks 

are sequenced. The console operator observes 

shearer position and advance completion of the 

previous bank. He determines when to advance 

the next bank and activates the bank master chock. 

(Ref. 178, 184) 

In another system variation, chock advance and 

shearer travel are interlocked. If the shearer 

is too far beyond the snake and chock advance, 

the shearer is automatically stopped. On the 

other hand, if the operator signals for the con­

veyor to advance and the shearer is too close, 

the signal is ignored. (Ref. 171) 
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This variation provides greater safety by pre-

venting operator error. However, the operator 

still is required at the main console. See 

Figs. 7 and 8. 

3.2.1.4 Shearer Actuated 

The final system raises mechanization to level 8 

and eliminates the operator. Switches on the 

conveyor sense the location of the shearer and 

signal snake and chock advance at the appropriate 

points along the face. An additional control 

circuit stops the shearer if advance is not com-

pleted. This system is the most experimental. 

(Ref. 210.) 

Reviewing chock advance systems, nearly all cur­

rent systems require operator control of chock 

advance, either at the face or at a remote con-

sole. One experimental system removes the opera-

tor entirely from chock control, and theoretically 

provides precise position control to snake and 

advance .. 

However, none of the systems provided the degree 

of observation and correction capability of a 

man at the face. For example, conveyor ram ex-

tension is sometimes measured and signalled by a 
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potentiometer. Support ram status may be measured 

by a pressure switch. An outbreak or other ob-

stacle at the roof or floor may cause the chock 

to be incorrectly positioned. Without additional 

protection devices, an automatic shearer could 

proceed along the face and coilide with the mis­

aligned chock. 

3.2.2 Plow System 

Roof supports may be operated as conventional or "fixed 

incremental" systems. 

3.2.2.1 Conventional Method 

The ramming force requirements are less stringent 

for plow operation than for shearer operation. 

Consequently, there are usually fewer rams than 

roof support units; the ratios of 1 to 2 and 1 

to 4 being common. The ram is also usually mounted 

between the roof support units by means of a chain 

link rather than directly mounted to the roof 

support base. In operation, a continuous pressure 

is exerted by the rams against the face conveyor 

and, in turn, the face conveyor holds the plow 

against the face. As the plow removes coal from 

the face, the conveyor, after passage of the plow, 
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will be moved forward by the _urging of the continuous 

ram pressure. The conveyor can move forward in 

this fashion without moving· roof supports until 

the end of the stroke of the ram is reached. In 

practice, however, the roof support is moved for­

ward prior to the full extension of the ram. 

A section of the face composed of about 15 chocks 

or frames is usually assigned to a particular 

roof support operator. Within his section he 

advances the roof supports often enough_to keep 

up with the advance of the face. Since several 

passes are made by the plow in the course of one 

frame advance, the two operations are not closely 

synchronized. The operator makes observritions and 

decisions (level 1) and operates hydraulic valves 

(level 4) v 

The operator observes that there are no obstacles 

in front of the frames to be advanced. The 

pressure on the conveyor push ram between the 

frames (if present) is released by means of a 

manually operated rotary hydraulic valve. The 

outboard half of the first frame is advanced by 

first releasing the setting pressure on the canopy, 

then pressurizing the frame advance ram which 

moves the frame-half forward. The canopy is then 
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set by manual hydraulic valve operation. The 

operator verifies completion of these operations 

and makes adjustments as required. 

The inboard frame half of the first frame is then 

advanced by releasing its setting pressure and 

then reversing the presssure on the double acting 

frame advance ram. The inboard frame-half advances 

and then the canopy is set by manual valve opera-

tion. After determining that the firsf frame is 

correctly positioned and set against the roof, 

the operator again pressurizes the conveyor push 

ram and moves to the next frame. 

The inboard frame half of the second frame is 

advanced by releasing its setting pressure and 

pressurizing its advance ram to move forward. 

The canopy is set after successful advance of 

the frame half. 

The outboard frame half of the second frame is 

advanced and set. Upon completion, the conveyor 

ram is pressurized to once again force the conveyor 

forward and the operator moves along to the next 

fra111e pair. 
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3.2.2.2 Fixed Incremental 

In the fixed incremental system, the conveyor is 

moved forward by the conveyor cylinder a fixed 

distance for each plow pass. 

The purpose of the incremental conveyor push is 

to control the depth that the plow cuts into the 

coal at all points along the face and keep the 

face in a straight vertical plane. 

The incremental push method differs from the con·­

ventional procedure in the ·way that the conveyor 

is pushed forward. 

After each passage of the plow along the face, 

the plow operator moves the entire conveyor for-

ward at the same time. He determines that the 

plow has reached the end of the face and has 

stopped. He operates a hydraulic valve in the 

headgate, pressurizing the incrementing hydraulic 

line along the face, Dispensing cylinders on 

each roof support increment the conveyor forward. 

After waiting for the conveyor push to be com­

pleted, and observing that the hydraulic system 

pressure gage has stabilized, the plow operator 

is ready to begin the next plow passage. 
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Roof support operators in the face perform the 

support advance operations in the same way as in 

the conventional method. 

In addition, the roof support operators observe 

the increraental push of the conveyor rams and 

the straightness of the conveyor. As needed, 

they operate roof support valve controls to ad­

just the conveyor position and adjust the stroke 

of the dispensing cylinder to modify the length 

of the incremental stroke. 
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Before starting haulage conveyors they are inspected. 

The man walks around each of the conveyors and looks 

for broken rollers, belt splices, control wires and 

flights, etc. He manually makes repairs as needed 

using hand tools. ( levels 1 and 2) . After the correc-

tions have been made the system is ready for start-up. 

The panel belt conveyor is started first. '11he opera-

tor actuates a switch, mounted on the conveyor (level 5). 

A centrifugal switch on the panel conveyor automatically 

starts the cross and a centrifugal switch on the cross 

conveyor automatically starts the entry conveyor. (levels 

6). The face conveyor is started last from the headgate 

console. (level 7). 

The haulage system when running is visually monitored 

to assure continued operation. One of the problems in 

the panel belt conveyor is the tendency for the belt to 

run out of line. Detection of the out-of-line condition 

is made by limit switches which stop the panel conveyor 

automatically (level 8) and at the same time stop the 

cross and entry conveyors. 

The operator adjusts the position rollers manually until 

the belt runs true. 
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The restart is made by pushing a switch on the panel con-

veyor. The cross and entry conveyors are started in se-

quence as described before. 

Pile-up of coal at the transfer points is detected by a 

wire probe preset to a specific level. When coal con­

tacts the probe the conveyor is stopped automatically. 

(level 8). Contact of the pile-up detector at the 

cross-panel belt conveyor transfer point stops the 

cross conveyor and the entry conveyor. The operator at 

the console observes this stoppage and stops the face 

conveyor to prevent further coal pile-up. 'l'he panel 

belt conveyor continues to run. Crew men clean up the 

coal. After which the conveyors are restarted. The 

cross conveyor is started from the centrifugal switch 

on the cross conveyor. 

Pile-up det~ction contact at the entry-cross conveyor 

transfer points stops the entry conveyor. The cross 

and belt conveyors continue to run. The face conveyor 

is stopped at the console operator when he sees the 

stoppage. Again the crew man cleans up the coal, The 

entry and face conveyors are restarted from the console. 

The break-up of large pieces of coal is done manually 

by use of a sledge hammer. (level 2). 'I'hese pieces 
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are picked up by hand (level 1) and thrown into the 

conveyor. A jackhammer is available and when used en­

ables the man to break up the coal at level 3. If a 

crusher, (level 5) was added, the task of manual coal 

break-up would be virtually eliminated. The principal 

benefit from these additions is to accomplish the task 

without the man and free him for other tasks. 

These equipments and the available sensors for motor 

temperature,belt breakage, slippage, and alignment, are 

typical of haulage mechanization today. 

In searching for new frontiers for haulage two were 

found as potential candidates. The first is an experi­

mental system which uses a flexible pipeline for under-

ground coal transport (see ref. 23 in Appendix B). The 

coal is broken up into a four inch size by a crushing 

machine. This broken coal is then introduced into an 

injection pump and combined with water. The resulting 

slurry is pumped out of the face through the pipeline. 

The level of this system is 8. It provides uninterrup­

ted coal flow for higher productivity. Greater safety 

is also provided and man power reduction may be possible. 

The second method is a level 12 closed loop feedback 

control system. Inputs from belt sensors for belt load 
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are processed at the computer in central control which 

issues commands for control (See Ref. 45 in Appendix B). 

3.4 Mechanization ·Profile Charts 

Mechanization level charts on the following pages show 

the profile of automation for major longwall mining systems. 

The mechanization profile charts show the sequence of opera­

tions that are performed in the operation of the longwall 

systems. The charts also graphically portray the overall 

pattern of automation incorporated into the systems. 

The mechanization profiles cover present, typical opera­

tions as found in contemporary longwall mines, and also 

examples of advanced, state of the art systems that are 

either available or that can be developed by applying 

existing equipment and technology. 

Profile charts are included for typical shearer and plow 

winning systems. Frontier charts are shown for shearer 

inspection and start-up systems, for nucleonic sensing 

horizon control, and for a turnaround system. 

Profile charts illustrate a typical chock operation with 

a shearer as well as a chock-with-shearer system utiliz­

ing remote chock control. 

Finally, profile charts are presented for typical and 

state of the art haulage systems. 
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Determine need 

Activate control 

Travel Start 

Determine need 

Activate motor 

Running 

Drum adjustment 

Observe vibration 

Observe sound 

Observe coal color 

Observe sparks 

Observe lump size 

Observe geometry of rocks present 

Observe inclination of seam 

Observe height of seam 

Observe obstructions at face 

Observe support position 

Observe height of previous pass 

Other observations 

Decide to change drum height 

Adjust drum 

Travel motor 

Observe vibration 

Observe sound 

Observe coa~ color 

Observe sparks 

Observe size of lumps 

Observe geometry of rocks present 

Observe inclination of seam 

Observe height of seam 

Observe faults in face 

Observe obstructions at face 

Observe conveyor stopped 

Observe conveyor overfilled 

Observe support position 

Decide: manual/automatic mod~ 

Select Automatic or Manual mode 
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Manual mode 

Observe vibration 

Observe sound 

Observe sparks 

Observe size of lumps 

Observe geometry of rocks 
present 

Observe inclination of seam 

Observe height of seam 

Observe faults in face 

Observe obstructions at face 

Observe conveyor stopped 

Observe conveyor overfilled 

Observe support position 

Other observations 

Decide to change speed or stop 
travel 

Change speed 

Stop travel 

Automatic mode 

Sense·resistance to travel 

and change speed 

Turnaround 

Observe end of face 

Stop travel 

Stop drum 

Stop water 

Wait for chocks and conveyor to 

be snaked into position 

Repeat cycle from Inspect 
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WINNING 

(PRESENT TYPICAL) 
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Rails 

Alignment 

Electric Controls 

Electric Cables 

Water Lines 

Face 

Other 

Correct as necessary 

Observes conveyor advance 

Observes conveyor· al~gnment 

Corrects as necessary 

Observes obstructions 

Observes plow alignment to face 

Adjust bits 

Communicate: Roof support oper. 

Adjust conveyor tilt jacks 

Start-up 

Decide to proceed 

Turn on drive motor 

Turn on water 
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Plow 

WINNING 

(Present Typical) 

Running 

Select manual 

Observe sound 

Observe vibration 

Observe conveyor fill level 

Observe position of plow 

Stop plow at. face corner 

Observe coal pile-up 

Clear,if necessary 

Press Reverse Switch 

Start Plow 

Observe p~ogress 

Repeat at each end of face 

Select automatic 

Plow movement trips limit switch 
and reverses at each face end 

Observe sound 

Observe vibration 

Observe conveyor fill level 

Clear, if necessary 
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Turnaround 

Observe end of face 

Stop plow 

Stop water 

Repeat cycle from Inspect 

"l 110 
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WINNING 

(FRONTIER STATE OF THE ART) 

Shearer 

Inspection 

Monitor hydraulic pressure, 

temperatures, motor current, 

shearer alignment, water flow 

and others. Stop shearer, 

indicate problems, and activate 

alarm when fault occurs. 

Start-up 

Sequence operations: move cowl, 

adjust drum, turn on motor and 

water flow, start travel. 

Running 

Drum height adjustment with a 

nucleonic sensing horizon con-

trol: Measure roof coal thick-

ness, determine if thickness is 

greater or less than desired, 

adjust drum accordingly. 

Turnaround 

Sequence operations: Determine 

shearer at end of face, change 

drum height, reverse shearer, 

determine when conveyor snake 

completed, return shearer to 

end of face. 
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CHOCK ROOF SUPPORTS 

(Present Typical) 

Advance Chock 

Move to Chock 1 

Observe shearer location 

Determine when 5'-15' away 

Determine no obstacles 

Lower canopy 

Advance Chock 1 

Raise canopy 

Observe completion 

Correct as necessary 

Stop shearer if chocks cannot 
be advanced 

Move to next Chock 
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Repeat chock advance for r all I 
chocks, moving behind sheare 

I 

Snake Conveyor 

Move to Chock 1 \I ✓ 

Determine no obstacles 91'-- . 
Advance ram i r--- j--.._ 

I I vc----v 
Observe completion o-

•/ --...._,,_ 

Correct as necessary -.......... v 
Move to Chock 2 

vv 
n 
\/ I'-, 

Release ram hydraulic lock r---... ~ 
vV I vv I 

Move to Chock 3 I 
I 

Release ram hydraulic lock -..........N" I M'J I I 
I . 

i I ! I 
i i ; 
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Move to Ram 4 

Move 

Move 

Observe shearer location 

Determine when 50' away 

Determine no obstacles 

Advance ram 

Observe completion 

Correct as necessary 

to Chock 2 

Advance ram 

to Chock 3 

Advance ram 

Move to Chock 5 

Release ram hydraulic lock 

Move to Chock 6 

Release ram hydraulic lock 

Move to Chock 7 

Observe shearer location 

Determine when 50' away 

· Determine no obstacles 

Advance ram 

Observe completion 

Correct as necessary 

Move to Chock 5 

Advance ram 

Move to Chock 6 

Advance ram 

Move to Chock 8 

Release ram hydraulic lock 

Move to Chock 9 

Release ram hydraulic lock 

Move to Chock 10 

Repeat chock advance sequence for 
all chocks in groups of 3. 
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ROOF SUP PORT . 

(FRONTIER STATE OF THE ART) 

Chocks 

Advance 

Confirm shearer location 

Select section 

Confirm section selection 

Select chock 

Confirm chock selection 

Decide: Select manual or 

automatic mode 

Manual Mode 

Select push 

Select advance 

Automatic Mode 

Push start 

Confirm 

Balance of Chocks 

Similarly selected 

and advanced 
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HAULAGE 

(PRESENT TYPICAL) H 
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Conveyors 

Inspect 

Panel Belt 

Broken rollers 

Broken control wires 

Broken belt splices 

Cross 

Entry 

Face 

Broken flights 

Correct 

Startup 
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Panel - Push switch on conveyor 7 I 

I ' ...... 
Cross - From panel switch 'v 
Entry - From cross switch J_ y 

0:: 

Face .,.. From console , I S7 
Runnin_ g I 1 _ ••· I j . I 

Visual Checks iv ··1 I 

I - ' ' Is I' 
I - - I Panel Belt out-of-line detection i 1 ·- · , I 

Contact by belt - stops conveyor j
1

· vi 
Cross stop from panel switch i 1\/' · 1 I 

i I I I I 

Entry stop from cross switch I ,_(9°! I 
Adjust r \ I ·1 I '- ·,-L i I ! 

Restart . ii_ ··-1! . l"li :,! i 
Panel - Push switch on conveyor 

1 1 
v: 

1 
! ; 

Cross - From panel switch !' j ! r9; l: 

I, I I I i 
Entry - From cross switch 1 

' 1 ,91 

I : l I Ii ) I 
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Stop 

Coal overweight 

Switch actuation stop conveyor 

Confirm 

Conveyors ahead of overwieght 

conveyors stopped 

' I Confirm 

Confirm continued running of 
i 

conveyor! 

after overweight conveyor 

Stop shearer 

Confirm 

Call crew man for cleanup 

Clean up 

Confirm completion of clean up 

Restart 

Select conveyor start 

Confirm 

Shearer start go-ahead confirmed 

with shearer operator 

Start shearer 

i 
t 

' 

All other 

similarly 

! 
conveyors and shearer are I 
acted upon from stop to restart 

Stop 

Panel conveyor belt out-of-line 

Detector switch contact stops conveydr 

Confirm 

Select stop for all conveyors ahead 

of belt conveyor 

Confirm 

Stop shearer 

Confirm 

Call crew man for adjustment 

Adjust 

Confirm completion of adjustment 
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Restart 

Select conveyor start 

Confirm 

Shearer start go-ahead confirmed 

with shearer operator 

Start shearer 
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Coal Pile-up Detect. 

Detect. at cross-Panel Pt. 

Cross stop at detect. contact 

Entry stop from cross switch 

Observes 

Stoppage 

Communicates with crew man 

for action 

Face stop from console 

Clean-up 

Restart 

Cross - From console 

Entry From cross switch 

Face - From console . 
Detect. at Entry-Cross Pt. 

Entry stop at detect. contact 

Observes 

Stoppage 

Communicates with crew man 

for action 

Face·stop from console 

Clean-up 

Restart 

Entry - From console 

.Face - From console 
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4.0 AUTOMATION HARDWARE COMPONENTS 

Progress in further automating a process is almost exclusively 

determined by economic considerations. The elevation of the 

present level of mechanization to a higher level becomes a 

certainty as the availability of inexpensive hardware in­

creases. For example in recent years the dominant transition 

in industry and manufacturing has been from level 5 to level 

6 operations. The sequencing of functions, that heretofore 

were performed separately, has been enabled by the flood of 

availability of inexpensive, solid state, digital controllers. 

Production hardware and components can be classified as to the 

level of mechanization that is their usual point of application. 

Representative generic names are shown in Figure 9. The compo­

nents are listed at the level in which they normally first ap­

pear as one ascends from level to level. 
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COMPONENTS CLASSIFICATIONS 
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4.1 Measurement Comnonents 

As discussed in Section 3.0, further automation 

advances in shearer operation are dependent upon 

isolating and measuring characteristics that shearer 

operators now perform internally. An analysis must 

be made to determine if a measurement of sound and 

vibration, geometry (inclination, height, obstruc­

tions, lumps), face material property (hardness, 

overburden interface, faults, foreign content) or 

of some other physical property (color, sparks, tex­

ture) can be made to adjust a shearer, or must a -

human visual observation still be required in the 

final analysis. 

The problems with adapting a video system would be 

immense but it may be required and could be done. 

The fire-fighting mole (Reference 32, Appendix B) 

utilized a video system successfully in a very harsh 

environment. NASA has successfully placed video 

systems in the harsh environments of outer space 

but at immense expense. The hardware cost of 

the TV camera carried by our first astronaut on the 
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moon was over $1,500,000. 

Devices to measure, analyse and record sound and vibration 

have.become very plentiful and inexpensive in the·last 

five years due to OSHA noise requirements for ~ndustry. 

Adaptation would be straightforward and relatively 

inexpensive for the mining environment. 

Obstruction proximity and distance devices are avail­

able by the score. The advances in human member presence 

detection have been especially important and brought 

about by OSHA requirements that prevent manual feeding 

of active machine tools. 

Although attempts to utilize radiation diffraction 

patterns to locate the coal/rock interface have met with 

some success, other approaches are conceivable as alter­

natives. Great progress has been made.in utilizing a 

sonic system to identify density differences in various 

materials. For example, a fetus can be "x-rayed" by 

sonic means alone. 

The sensitized pick experiments were jeopardized by 

componentry. Improved load cells, strain gages and 

solid state circuitry may transform the approach into 

4.3 

KEEP TAB ON YOUR BUSINESS•IT PAYS 
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a successful one. If color, sparks, or texture must 

be measured, extreme difficulties are presented. Only 

limited progress has taken place in transducing measure­

ments in these areas. 

In summary, advances in the level of automation of the 

shearer are dependent on identifying appropriate control 

entities for measurement. Once identified, most 

entities can be readily transduced using today's tech­

nology. 
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4.2 Controller Components 

As discussed in Section 3.0, further automation of 

roof support operations demands elevation to level 6, 

power tools sequence controlled, and level 7, remote 

control. In the last five years the greatest advance 

in automation hardware has taken place just at this 

level. 

In order to achieve automatic sequencing of chock 

operations, a programming function must be performed. 

A wide variety of programming devices are commercially 

available. 

An electronic, digital programmable controller is 

currently the most powerful and flexible of this group. 

The most important characteristic of these controllers 

is the ability to handle a large number of inputs and 

outputs. One controller can also independently control 

a number of different cycles, keeping activity in each 

cycle separate from the others. A remotely located 

controller could operate all chocks through electric 

control lines. Typical controllers are programmed with 

pin connections, interchangeable hard-wired circuits, 

and magnetic core memory. 

4.5 

KEEP TAB ON YOUR BUSINESS•IT PAYS 



The cost of programmable controllers (especially solid 

state models) has steadily fallen in the past several 

years as markets increased and technology advanced. 

On moderate to large scale applications, these con­

trollers cost less than older types. They have also 

become the most versatile of the programmable controllers. 

Feedback is another important aspect of sequenced 

operations. It may be necessary to incorporate a large 

number of feedback signals into a chock control system, 

for example. The controller that supervises the chock 

advance operations would have to be capable of proces­

sing the feedback signals rapidly and reliably. 

The current cost, capacity, speed, and remote capability 

of magnetic core programmable controllers, for example, 

have greatly improved the economic and technical feasi­

bility of longwall chock control. 

4. 6 

KEEP TAB ON YOUR BUSINESS-IT PAYS 



5.0 THE STATE OF THE ART 

Blue sky concepts to elevate the level of mechanization 

for longwall mining have been available for some time. 

What has been lacking is an appropriate incentive to justi­

fy implementation of some of the concepts beyond the experi­

mental stage. Prior to 1969, the major incentive was 

direct labor cost. Although labor costs were rising, the 

experimental systems that had been developed could not be 

economically justified and so were not adopted. 

After 1969, safety incentives were increased. Systems 

that removed men from the point of local operations to. 

adjacent and "remote 11 positions flourish~d. These systems 

are given active attention today and some of the more 

reliable ones are being justified and purchased by mine 

operators. 

After the energy source deficiency crisis of 1973, an even 

greater incentive was incremented into the justification 

criteria. With the U.S. national intent to become energy­

sufficient hinging in part on boosting coal production, 

broad mechanization concepts are now being considered. 

Past attempts at automating winning (shearer, in particular) 

have revolved around isolating only one variable and 
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mechanizing it~ We have seen that there are many variables. 

At present, the identity of each is somewhat vague. The 

ranking of each in a priority structure has not been done. 

The removal of a person from direct operation demands that 

a function analysis be performed that will enable creation 

of a control system concept. 

Past attempts at automating roof support systems have had 

technical success. With the increased availability of 

inexpensive control hardware and components and their in­

creased reliability, the cost justification is much easier. 

Since mine equipment manufacturers tend to specialize-in 

either roof supports, or shearer, or haulage, complete 

integrated automation concepts have been lacking. In general 

each has tried to improve his product without too much 

consideration as to the final overall system concept. 

The overall automated longwall concept has the dual objec­

tive of increasing production and of removal of people from 

face operations. If only production increases were con­

sidered, many industrial engineering techniques could be 

successfully employed to accomplish the sought-after increases. 

If only removal of people from the face operations were 

considered, many simplistic systems could be envisioned to 
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accomplish-the goal. The degree of compatibility in the 

dual objective has not been assessed. The composite 

incentive has not been determined. However, the creation 

of such an overall concept will in itself enable those 

determinations to be made, and the consequent automated 

longwall concept to be implemented. 
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ABSTRACT 

Whether we like it or not, the phrase "automation" has become 
very much a part of our technical world~ and there seems little doubt that 
it will stay with us for some time. But what does it mean? It has been 
applied to "automatic handling of work in process," to "automatic control," 
to "feedback control," to "program control of a machine tool cycle, 11 to 
self-regulating machinery, 11 to 11 machines that think, 11 to data processing 

·or the mechanization of paper work, 11 and to 11 decision-making machinery." 
No doubt one could identify dozens of other meanings and shades of meanings 
within this sphere, each having its ardent supporters. Yet in spite of 
these varlous meanings, the public (and I include engineers, management, 
labor and the press) use the word very loosely. Because of the- ~normous 
distortions of technical truth that have gone on under the .label of auto­
mation, and because of the exaggerated claims as to the performance of 
automatic plants and automatic machinery, and because of the way labor 
unions have seized upon the word and ballooned it into a congressional 
investigation, it is evident that we· need a more critical analysis of just 
what automation is all about, However, to offer another definition of 
automation .is pointless. It would be worth no·more than those that have 
gone before. Rather, it would seem that we need to understand the nature 
of mechanization and of the degree of mechanization employed in these so­
called automated plants. Perhaps il we understand what is going·on in 
the plant, we will then be able to understand the meaning of automation. 
We will at-least be able to put the claims for 11 automatic factories 11 in 
their proper place, and to have a calmer, saner appreciation of the 
evolution of mechanization, as well as its potential impact on our industry. 
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THE MECHANIZATION PROFILE - A TOOL FOR MEASURING AUTOMA'l'ION 

By James R. Bright 

INTRODUCTION 

During the past year, I have spent considerable time investigating, to different 
degrees and intensities, some 15 so-called 11 automated plants. 11 As a result of this study, 
I am convinced that the level of automaticity is much less than the popular press would 
have us believe, and the spread of automaticity across or through a plant or across the 
presses is not nearly as great in practice as one might assume from current claims. In 
this paper I shall offer an analysis of mechanization and a method of charting it which 
has been proven to be useful in studying 11 automatic 11 production systems. 

The production of goods involves a number of basic functions. The production 
operation - processing - is the thing we instinctively visualize as the heart of the 
11 automatic factory. 11 But design, handling, storage, maintenance, and measurement also 
are essential. Take measurement alorE.i it ·is a never-ending part of production, for 
quantity, quality, performance, even identity, must be established again and again throughout 
the cycle from receipt_of raw materials to dispatch of finished goods, Each of the other 
functions also is present in varying degrees and in various areas of individual manufacturing 

·operations. If the plant is to approach automaticity, even remotely, there must be a high 
degree of•mechanization of each of those functions, not just of processing. 

THREE QUALITIES OF AUTOMATION 

As for the basic functions of production up to the point of shipment, a simple chart 
can be constructed that will suggest the nature of mechanization generally associated with these 
functions. Such a chart (Exhibit 1) does not need to be absolute and precise to show that 
today there is no such thing as an automatic plant or even a push-button plant, and that 
mechanization is not found equally distributed through any single production sequence, let alone 
any whole plant .. or industry. 

Note, further, that automation can be analyzed in terms of three different qualities: 

Span of Mechanization. Over what portion of a given total manufacturing sequence 
does the mechanization extend? Perhaps some of the activities, like forming, packaging, and 
testing, are handled by automatic or semi-automatic machines, but the others are scarcely 
mechanized at all. 

Level of Mechanization, How high a degree o_f mechanization characterizes the part­
icular function or activity? Thus, if toothpaste is continuously put into tubes, the tubes 
sealed and inserted in a box, and the boxes collected and arranged in a carton on one packaging 
machine, that woul_d represent a high level of mechanization; but if handkerchiefs are folded 
on one machine, wrapped in cellophane on another, and then assembled and placed by hand in a 
carton, that would represent a lower level. 

Amount of Mechanization. How prevalent is mechanization of a given function or 
activity in the industry as a whole? For example, most structural design work is carried out 
according to conventional formulas with the use of a handbook and no more mechanization than 
a slide rule. So the total of mechanization for this activity is low, de$pite the fact that 
in the designing of air frames digital computers are used to perform intri.cate calculations and 
explore the mathematical limits of structural strength. 
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MECHANIZATION PROFILE 

The concept of degrees of mechanical art approaching automaticity in successive 
steps - levels of mechanization - suggests that there must be different th:l.ngs that machines 
do. In what way does mach:J.nery supplement man's muscles, his senses, his mental processes, 
and his judgment? Are there significant differences in the levels of mechanization? What 
characterizes them? And if' automation is so different, where does it fit in? 

It seems to me that it is quite·possible to think our way through these things by a 
systematic qualitative analyais of the functions or·simple and complex ma:;hinery. I have been 
able to distinguish 17 levels. Here is a detailed explanation. This particular breakdown 
cannot be defended too rigorously. Examples can be cited that would sonewhat confound this 
01' any other classification, Doubtless additional s1.!bdivi,sions could be defined. Furthermore, 
some of these levels may be inextricably tangled with much lower levels, Nevertheless, I have 
found the following to be fairly consistent and usablei 

Level 1. Hand - The least mechanical way that man manufactures something is usually 
with his hands; occasionally with his feet, knees, elbows, or even his lungs (glass blowing}. 
No tool of any sort is used. Examples are mam;al paclcaging o_p_erations, inspecting completed 
cigarettes prior to packaging and removing faulty ones, and ~any assembly operations, 

Level 2, Hand tool - An enormous amount of work is performed by the human hand aided 
by a rionpowered tool. Even on an automobile assem'.:lly line many workers w:t.11 be found tightening 
nuts and bolts with a hand wrench or inaerting wires and rods through holes by the aid of pliers 
or similar devices, O.ther examples would include hand filing• hand painting, and 9. host of 
assembly and packaging activiti.es in industries, 

Level 3. Powered hand tool, - 'I'he next step is to provide mechanical power to the tool 
held by the worker. The pqwer screw driver, the portable drill, and the portable weld:l.ng 
machine exemplify this.level of mechanization, Power supplements the worker 1 s muscles, but 
actual guidance of the tool sbill is under his conti:>ol, 

Level 4. Power tool 2 hand ,"Jontrol - '.L'he si:nplest form of machine tool appears at 
this level. A drill press, for instance, provides power to the tool and also a framework that 
guides the tool. Application to the workpiece is physically actuated by the operator, who 
controls the amount of action as well at its duration, Other examples are the simpler forms 
6f any machine tools - milling machines, lathes, grinders. The fork-lift truck and the 
electric _hoist also could be considered as hand-controlled power tools, In other words, the 
machine performs wi.thin fixed dimensional limits and rates built into it, but the oper3>tor 
controls the application of such action, -Such a machine can be mobile, as well as stationary. 

Level 5, Power tool f1xed cycle (single function) - At this step we see a machine 
which repetively performs a single action that is mechanically fixed within definite limits. 
A drilling head arranged so as to advanc'l, drill a 1-in, hole, and retract, all automatically, 
reflects thls type of mechanization, A belt conveyor moving packages from the end of the 
production line to_ the shipping room at a set.speed also performs a single action in an unvarylng 
way. The dragline conveyor, the continuous annealing oven, many chemical processes, and many 
cam-controlled machine tools wn~re the tool advanoes and then performs a certain action for a 
given distance or set amount of time.are examples. 

It is implied that this machine action is mechanioally (automatically} controlled, 
even though an operator may have to push a button to start the machine and stand by as an 
observer. But this does not invalidate the basic point; the machine itself controls its 
actions over the desired range of performance. 
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L_evel 6---!.. _Power tool, program uontrol {sequential functioning), - On every hand 
we can see the next step in mechanization taking place. It is similar to the previous 
step except that in addition the machine performs a series of actions in sequence, 
operating in one or both of two basically different ways: (1) The workpiece is held in 
a given position, and the different tools are brought to it for the period of their 
individual cycles - the principle of the automatic turret lathe. Or (2) each operation 
is performed at its own fixed station; then the workpiece is passed to successive stations 
under automatic timing, positibnlng, and materials-handling control - the principle of a 
dial-indexing machine tool, The automobi.le industry's transfer machine combines both of 
these concepts. 

It is rather interesting that this level of ~~chanization is found in our 
current home appliances such as the autonatic washing machine, the automatic drier, and 
the automatic dishwasher. All of these work on the first principle rather than on the 
second one. In the industrial plant, because of unique variati(}ns in the _;average product, 
we find more and more emphasis being put on the second approach for assembly work, though 
the first is still useful for processing. 

It is quite possibl~ that the oper~tor~not only may push a button to start this 
machine but may spend considerable time fixing the workpiece in the machine. In some 
cases he is even required to give constant attention to the machine to control the feeding 
and removal ot'_,.material. Nevertheless the principle remains; the ma~hine automatically 
performs a series of prescribed operations. 

Level 7. Power tool, remote control - Meamrhile the control of the marehine is 
underg.oing some changes, too. While it might be argued that this is not~ clearly defined 
level of mechanization since it is also found fragmentarily at least three levels earlier, 
this seems to be about the best place to establish remote control in the scheme of things. 

The principle is that the control of the power tool is :located a significant 
distance from the tool itself, Where a single tool is concerned, this holds no special 
significance, But, when a group of power tools is . ..equipped with remote control, the impact 
on mechan:l.zation mushrooms. It becomes possible to assemble the control of a series of 
machines in one central location. Thus the whole industrial art is advanced a significant 
step closer toward autom~t:tcity. 

Remote_ control implies fewer, people, but this is not the most important 
implication. Centralization is far more important. It generally means .much faster 
"reaction time" to 
affect each other. 
efficiency through 

the needs of the various production operations, particularly as they 
Thus improvement in quality, reduction in scrap, and higher machine. 

optimum operation -.of the plant as a whole are likely to follow. 

JI'his level of mechanization ,,a:liruinates· the delays and errevs inherent in the 
communication of information between human beings at widely scattered locations. The lack 
of this level , :, mechanization probably is responsible for the excessive paper work, elaborate 
production-control systems, and general inefficiency of flow apparent in the average job shop. 
(I·do not mean to imply that it is always practical or economical to change procedure. Merely, 
I wish to emphasi-ze that such "looseness" in control is the ta.'rget of this seventh stage of 
mechanization.) 

Level 8. Actuation by introduction of workpiece or material - In all the previous 
phases of mechanization, the human element is required to actuate the system. In advanced 
mechanization even this need begins to disappear, 
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It is no longer uncommon to find machines that 11 idle 11 or remain inactive until 
started by the ':introduction of the workpiece. This is a feature of many of the automobile 
industry's new compound machine tools, whereas the transfer machines of five years ago 
usually cycled continuously whether or not a workpiece was present, The newer machines, 
which do not operate unless a workpiece is in place, have the advantage of eliminating 
the need for human decision, hence human presence, at this point. It is now practical to 
link the materials-handling eqbipment with the production machinery, thus making the 
sequence of production operations quite automatic. 

Level 9. Measurement of a characteristic - Now we begin to move into levels of 
mechanization where there is a new emphasis on control, rather than a pattern of operation, 
We see machines that not only change the form of the object but; with certain mechanisms 
added, also measure some characteristic of the object - weight, temperature, a dimension, 
a shape, a color - either before, during, or after production. 

For example, a monorail track may include a scalr so that materials passing over 
it can be weJghed, A grinder may be linked up with some type of measuring system to 
indicate the dimension being produced. A chemical process may include instrumentation 
that indicates pressure, temperature, or some characteristic of the product being produced 
within it. Measuring is the essence of this stage of mechanization. 

Level 10. Signaling the measurement value - A logical refinement of the previous 
level is to include a device that will signal when the measurement value is in a certain 
area or reaches a certain limit. In effect, the machine calls for human help. It has 
completed, or is about to complete, its job or is in difficulty or out of control, and needs 
further direction. Sometimes the machine is designed to yield sever~l kinds of signals 
(different colored lights or sounds) so that the nature of the measurement value can be 
quickly grasped by the human machine tender. This is particularly useful in the case of 
errors or diff~culties, Overdimensions or underdimensions might be so signaled. 

It is a very short further step - so short that I do not regard it as more than 
a special case of this same level of mechanization - to have the machine shut down until 
it is 11 cleared 11 b:y its attendant, Thus, in an automotive-cylinder-block line, the work is 
mechanically inspected at several points; and, if it does not meet the standard, a light 
flashes and the machine stops, Signaling plus automatic shutdown are typical of many 
advanced machine tools, such as transfer machines, 

Level 11. Recording performi.nce - Often it is desirable to have a record of machine 
performance. This may range from a mere count of the number of pieces produced (or tons, 
gallons, yards, etc,) to a record of individual values of the characteristic measured almost 

moment by moment. A simple example,_;is the punch press linked up with a counting device 
which records each machine cycle and thus measures output, 

Far more elaborate are the data-scanning and recording systems for large control 
panels in oil refineries, chemical works, and power plants (particularly atomic energy), 
These systems continuously scan several hundred or even a thousand instruments and print 
the current value on each instrument in a properly patterned arrangement on a roll of paper. 

A recent refinement has been to incorporate signaling along with recording. At 
4east one such data-scanning device prints values in red if the value exceeds a preset limit 
for a particular instrument. Thus the panel attendant or engineer can see at a glance which 
values are out of control. This is extremely helpful for tremendously intricate chemical 
processes invo],ying large amounts of instrumentation. 
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Level 12. Changing speed, posttion~ or direction according to measurement -
One of the most important advances toward ·automaticity is the development of machinery 
that ~utomatically modifies its action in accordance with the information received 
through some kind of sert~g device - the principle of feedback. 

Hoyever, the idea of feedback itself seems to employ different degrees of 
mechanization. At this particular level we are not talking about the correction of 
performance based on the quality of the output. Rather, the machine is controlled by 
a signal and is not influenced by the precision of its own processing action. For 
example, in a brewery a roller conveyor system counts the nu~ber of cartons coming down_a 
line;·and then, after,50 have:;·-p?-ssed; it·. ;iwitches to direct the next group of,.:cartons 
to a different location. Similarly, in a feed mill, material is withdrawn from a bin 
into a weigh hopper until a given ~ight has been accumulated; and at that point a 
sensing device actuates a control to stop the delivery of more bf that material, where­
upon material is automatically fed from a different bin to a new weight limit. 

' Perhaps we might distinguish this phase of mechanization from earlier levels 
by saying that the performance of the machine is controlled by a signal rather than by 
a fixed program. It is more flexible in action and in the time-:aimension. But while 
this mach~~e·· changes its action at a signal, it does not inspect its own performance. 

Level 13, Segregating or rejecting according to measurement - Implicit in the 
previous level is the next step of automatically .accepting or discarding a product that 
does not meet a prescribed standard. Note that in the automotive-cylinder-block line of 
Level 10, all the J)lachine does is to inspect; al1d s1@:lal for hu.man help; it takes no action on the 
substandard work. But at IJev:el 13 we find machines that not only measure and decide on 
acceptab:Uity but also .-dispatch the work accordingly. An example is found in a textile 
mill where picker laps coming from the picker room are automatically weighed just prior 
to dispatch to the 2ooms. If .the weight is not up to the desired standard, the individual 
lap is automatically rerouted back to the picker room for rework. 
automatically pass on to the:ioom room, 

Acceptable products 

Notice that although this -ti.:s a h:I:gh level of mechanization in the sense that it 
employs-decision and physical separation, the actual execution can be very simple indeed. 
11 Measurement 11 here may be nothing more than the sensing of form and the adaptation of some 
kind of chute, divider, or separator that will direct one form one way and everything else 
another. In very-elemental form, a punch press may be rigged to separate the scrap from 
the finished parts; or a bottling machine may include a weighing device which will separate 
out incompletely filled bottles. "Decision" is pretty much a "yes or 110 11 choice, although 
it may involve a choice from three, four, or even more alternatives. 

This level of mechanization is collli~on in simple inspection of mass-produced metal 
parts and in the packaging phase of many mass-produced items such as food and toiletries. 
Fundamentally, we have here the automation of an inspection and associated materials-handling 
activity. 

Level 14. Identifying and selecting appropriate action - Now we come to the machine 
that, in theory at least, takes more complex action. This machine examines the incoming 
product and adjusts itself to perform accordingly. For instance, a recently introduced 
machine tool receives two types of castings, It automatically distinguishes between them 
and puts each casting through a different set of machining operations as the two pass through 
the same series -or work stations. Also, there are many chemical processes where the incoming 
material is constantly measured in terms of some characteristic and the processing operation 
changed appropriately, 
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Admittedly, this is not very much different fi:;.om the preceding level. The 
significance lies in the fact that the response of the machine covers a wider range 
and is more complex. Instead of a single-action response - an inspection and materials­
handling sequence - there may be a modification of performance involving a whole series 
of varying subsequent actions. Still, it is true that the difference may be narrow 
between this and levels 12 and 13, 

Level 15. Correcting performance after operating - A great nia:3:Y, machines include 
inspection operations after the production action. However, these are usually separate 
machine or work statio~, and there is no tie-in with the machine that performed the 
operation; human action must bridge the gap. On Level 15, ·1n contrast, we find the 
machine that examines its performance and then readjusts itself accordingly to turn out a 
more nearly petfect product, To a very limited extent, this feature has been employed 
in some machine tools, which will grind or perhaps otherwise remove material, inspect it, 
and then translate the inspection information in.to corrective action so that the next piece 
is machined properly. 

But even though inspection and correotion are automatic and tied together, the 
inspection after operation implies a time lag, And the more time, the more opportunity 
for faulty parts to· be created before the correction is introduced. 

Level 16, Correcting performance while operating - Theoretically the ideal machine 
would control itself so that 3.irwould never turn out a faulty part, It would inspect 
continuously and modify its performance quickly enough so that potential faults would be 
avoided. 

It is hard to find machines that fully meet ths definition. Perhaps the nearest 
are the e~~~trical machinery devices with their marvelously precise output controls. They 
will maintain speed, ~que, voltage·; or current, as the case may be, within amazingly fine 
limits. Some chemical operations, particularly the control of temperature and the control 
of pressure, also fall within this area, 

Level 17, Anticipating required performance and adjusting accordingly - There is 
still one higher·level. We have a few isolated examples of machines that not only sense 
something and correct their actions but also extrapolate the governing data or act on a lead 
from the probabillty pattern (or othe-Jiw:1.se antloipata the action needed to produce the 
required performance) , and then regulate themiiel ves acco1,aingly. Self-guided missiles come 
to mind as the outstanding example. 

Oil-refinery developments are beginning to get into this phase. Engineers Visualize 
the application of i~trumentation that will sense the change in a variable, predict what will 
develop and the corresponding series of changes needed in the process, and then change the 
various machine responses accordingly. This is more than the measurement of a characteristic 
and a response. It is the measurement of the rate of change in the characteristics, the 
anticipation of the control modification needed, and then the modification of a host of variables 
to hold the process with design limits. 

THE MECHANIZATION PROFILE 

If these levels of mechanization are arranged in order on a chart, certain important 
relationships between them fall into place. Consider the nature of the power used at each 
of these levels. Only the two lowest. .. _ones use manual power; all th~ rest are based on 
mechanical (nonhuman) power. 
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Even more significantly, the 17 levels are distinguished from one another 
by the nature of the control characteristic of each: 

Notice that the first four levels of mechanization all employ manual control. 
There is an interesting difference between Levels 3 and 4. At Level 3 - the powered 
hand tool - manual control can be thought of as embracing two elements: application 
and guidance. At Level lf, however, we can see that one aspect of this control job has 
been further mechanized - the aspect of guidance. The construction of the tool fixes 
the limits of the physical action. The operator merely guides the tool or 11 controls 11 

it within those mechanically fixed paths, He has only limited control in the three 
physical dimensions but retains complete control in 11 time, 11 

In passing to the fifth level of mechanization - the fixed-cycle power tool -
it is apparent that we have not only mechanized the guidance of the tool, but we also have 
mechanized its application in the time dimension. Other than starting and stopping the 
machine, or possibly modifying its speed, the tool is completely mechanically controlled, 
Level 6 is nothing but a more aavanced f~rm of Level 5. Level 7 has remote control, 
often applied to the next three lower aevels; I insert it at this point because it enables 
the centralization of control of a number. of machines, . F'.in_ally, we have the machine 
controlled by introduction of the workpiece. 

At the ninth level of mechanization a new force is becoming predominant in the 
control action. The environment, the product, or the nature of the 6peration itself at 
given moments becomes the initiating element of the system. Contr·o1 here is no longer 
mechanical, fixed, or rigid; rather, it is variable according to performance, The control 
indication may be prior to, or during, or after the production act has been performed. 
Thus we see the basis evolving for still higher levels of mechanization. The principal 
importance - the principal distinction - at this point is that control itself is becoming 
a variable. 

In the ninth, tenth, and eleventh levels~the control response is not a specific 
action of the machine as much as it is a signaling action, We might say that the machine 
has verified the nature of the performance, and it either reports this performance and/or 
calls for human attention, 

At the twelfth level a new quality to control has been introduced, The control 
responds with action. All the succeeding levels of mechanization embody the idea that the 
machine measures completed, current, or impending environment, and modifies its major 
functionirgs accordingly. In the lower of these levels the action response is very limited 
in character, In the higher levels the response is not so much of a 11 yer, or no 11 matter. 
It is broader. richer, much more complete 

THE MEANING OF AUTOMATION 

Some disciples of automation see it as embracing the idea of automatic control. 
To them control, rather than mechanical automaticity, is the dominant factor; indeed, 
automation is synonymous with automatic control, This group seems to be applying auto­
m~tion to the levels of mechanization from roughly 9 to 17. However, some of them insist 
that it is not really automatic control until it ~mbraces only Levels 12 to 17. 
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Other enthusiasts lay heavy stress on feedback. They have said or implied 
in many ways that 11 true 11 automation embraces the idea of self-correction. Other steps 
toward automaticity, they maintain quite condescendingly, are nothing but mere "Detroit 
mechanization. 11 

However, 11 autoIQation11 is not quite so simple as more careful analysis of these 
17 levels will demonstrate. 

Practical Levels 

After looking at these levels and their application to a manufacturing sequence, 
what do we mean by automation? Whe·re does automation fit in? Is automation new and different? 
What is unique about it? 

It seems clear that practical industrialists who must use mechanization are 
interested in an end (i.e., automatic manufacturing), while many of the enthusiasts are 
obsessed by the means (i.e., automatic control, handling, or processing). Thus, to insist 
on automation as relating to just a certain aspect or certain levels of mechanization is 
downright foolish. Automaticity may or may not require seif-regulation. It is important 
to realize that many highly automatic operations do not require performance control. There 
is nothing excellent, .tr:l_J.l;l.ant,, or e·conomic in employing higher levels of mechanization than 
are needed. Countless cases can be cited where automatic operation - or, more correctly, 
a high degree of mephan~ation - has been achieved on Levels 5 and 6. To the extent that 
the required activity is reasonably uniform in input, throughput, ahd output requirements, 
there is no need of automatic control. Indeed, to in~roduce __automatic control into many 
of these situations becomes a ridiculous mechanical luxury, Often it leads to a downright 
reduction in economic efficiency through high engineering costs, high maintenance costs, 
and limited flexibility. 

This is not to deny the steady_ growth and important application of controls to 
reach new, ~dvanced levels of mechanlzation, Furthermore, experience is showing that 
direct labor reduction is not the only advantage - and often is not the major advantage -
arising out of automaticity. Savings in material through reduction of scrip, reduction 
of inventory, and refinement in product design are often the major advantage. Improvement 
in quality has been the significant advantage in a number of cases. 

Rather, I want to stress, and restress, that countless machines and groupings of 
machines already have achieved and will continue to achieve the most economic level of 
mechanization, far short of full automation. Let us consider two examples: 

Unloading Flour 

Consider the discharge of flour from a bulk railroad car into a storage bin. As 
currently conducted in a number of bakerie~!. a car is spotted alongside the unloading dock. 
One man connects a pneumatic suction tube :to the discharge spout at the bottom of the car. 
He then walks to the control panel in the building, decides which bin shall receive this 
flour, and presses a button. Thus remote control - Level 7 - has been linked with the 
single-cycle power tool - Level 5. The floUt'·is 11 automatica11i11 transferred from tank car 
to the proper storage bin. Incidently, 1t is passed through a device on the way to screen 
out foreign objects and also .to remove any insect infestation; this additional function of 
inspection and segregation is fully automatic. 
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When discharge is complete, the machine is stopped, · The operator then 
disconnects the hose from the bottom of the tank car, and the operation is over, Either 
prior to or during the discharge, samples may be taken for laboratory analysis of moisture 
content and chemical characteristics. 

Is this whole process automation? Certainly it is highly mechanized, Would it 

make sense to strive for or to introduce an even higher level of mechanization?. Technically 
it is entirely feasible to have the car automatically positioned, to h?,ve the hose. automatically · 
c01JI)led, and the selection of the storage bl.n mechanically controlled. The machine could .be actuated tD shut off upon 
complet;ion of discharge•, /J.nd,-itwoW.d be~~1.touapQf!;.arunples.pi'the flour J;o put,,them·.thr'ough a 
series of laboratory tes.ts,and tDactuate· or stop t-fre<-·unloading procedure +ti accordance with 
these laboratory .results. All this could be done - note that I said "could be 11 

- with 
no manual help at all. 

But would it make sense? The cost of engineering these additional features into 
the system would be extremely high. Maintenance would almost· surely increase. Flexibility 
would suffer. And what would be ~ained? A reduction in labor costs? Not worth mentioning. 
Precision in the laboratory analysis? Extremely d?ubtful. Greater speed in the laboratory 
analysis? Perhaps, but the equipment to do this probably would cost a small fortune. 

Manufacture of Airplanes 

Consider now the manufacture of Lockhe,ed I s huge new cargo plane, the C-138. As 
of late 1954, two of these planes were being constructed, Each contains about 38,000 parts. 
The size of future orders for this plane certainly is an unknown. ·The number of modifications 
that are going to be made, both by the firm's engineers and by the military services if they 
adopt it, are going to be enormous and continuous. 
What level of mechanization is sensible? 

Do.es this situation call for automation? 

Of course the exp_eriments at MIT with the tape-controlled machine tools are aimed 
at this very problem - or, rather, at a tiny part of this problem. The tape-controlled 

·ma.chine tool offers the hope that" an intricate part could be automatically machined to the 
desired shape on a standard machine tool with little or no requirement for operator attendance 
and, more important, with little setup time. It is an effort to automatize the manufacture 
of certain kinds of parts on Level 6. I mean no· disparagement of this development, nor any 
reflection on its economic worth, in pointing·out that the number of parts on this plane 
which could be so produced represents a tiny fraction of the manufacturing effort required 
to conceive, develop, fabricate, and as·semble the entire aircraft. 

It is particularly significant that, in the aircraft business, assembly is the 
expensive job. As with so many industries and so many busine.sse.s, 1·t is comparatively 
to make any single part or single material automatically if the volume is high enough. 
difficulty lies in putting these pieces together. To assemble a C-138 automatically is 

easy 
The 

next to a mechanical impossibility. Granted, it is theoretically possible to build a system 
of assembly machines to do this, but it is 8J1 economic certainty that it would take years· 
and literally millions, if not billions, of dollars to build such a machine. And for what? 
To assemble two planes whose design inevitably wil;t. be changed a thousand times during the 
production run and which may be wholly obsolete within five to eight years, 

Between these and similar examples the reader can see the fallacies in loose talk 
about automation, push-button factories, and similar generalfza tions that fail to consider 
the different qualities of automation and the relation of automation to the requirements of 
the total manufacturing cycle, The goal, again, should be the most economic level of 
mechanization, rather than automation per se. 
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Use of Profiles 

I have plotted the level of mechanization as a part moves through the plant 
(i.e., made profiles) for some 15 actual operations, reputedly among the most advanced 
in their fields. Two of these profiles are shown in Exhibits II and III, and perhaps 
warrant some comment: 

Production of Foam Rubber Mattresses 

This basic system, now in use in close to half a dozen plants, is built around 
the idea of placing the mattress molds on a conveyor' and pulling this past a filling point 
and tlwough the ovens. Liquid latex is pumped in bulk to the filling point. The molded 
product is carried from the molding·operation through finishing and packaging by conveyer. 

Clearly, this is an enormous and important advance in the art, and it appears to 
be highly continuous and 11 automatic" to the observer. Productivity per molding department 
operator is about quadrupled! Product quality as received from the molding operation is up 
50 per cent or so. Yet, look at the ,actual level of mechanization. It is not particularly 
high, although these plants have been frequently deseyib~d as 11 automatic11 and as using an 
11 automation11 system. In the assembly stages, handling is the major mechanization. Inspection 
and finishing depend on simple handwork. 

This situation is typical of many other advanced plants. Enormous increases in 
productivity have been achieved with new levels of me.'lhanizatlon; yet the 11 automatlc 11 part 
of the plant ls not so ve-,;-y" automatic after all and covers only a small portion of the 
required physical activity. 

Automotive En~ine Cylinder Block Line 

This chart represents the level of mechanization in one of the finest engine plants. 
It covers only the manufacture of the finished block from the'rough casting, which is the 
most II automatic 11 achievement in the plant, •rhe reader should appreciate that many parts 
must be made, all must be assembled ·a:round this block, and the whole engine tested, painted,· 
and shipped. Thus, in spite of automation, over ~000 are employed. 

It is not indicated by the chart, but each of the production operations may 
literally accomplish from 4 to 40 or mor•e/separate cutting act1ons. Hence this represents 
a high degree of consolidation of macpJ.nery. Automation is thus furthered because handling 
between individual tools is minimized and control is centralized, Yet flexibility is 
reduced and individual tool down-times can compound within such a machine, if maintenance 
and tool changing are not controlled carefully. 

As in much metalworking, many dimensional inspecGions are required, and most of 
these are on a manual basis. A nUJllber of other checks donP, at intervals are not shown. 
This chart does not reflect the handling of rejects from any point, which is a moving job 
at Level 3 or 4, plus repair work at Lev'eJ.s 2, 3, and 4. And notice that the assembly 
operation on this highly mechanized line is, again, a hand o,peration! 

The sign:llificant element unifying operati.ons here is the program-controlled handling 
system feeding the production process. This handling system requires no manpower. But 
close to 50 men are needed to operate, inspect and patrol (notmaintain) the line. 
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From these and the 13 or so other profiles made of actual operations, it is 
clear that: 

1 Most instances of 11 automation11 turn out to be largely automatic operaW.on 
systems not embodying self-regulation. There is little or ~o use of the higher levels 
of mechanization, 

2 With the level of mechanization varying widely as between industries and 
between parts of the individual production oyale • 11 a,J.tomation11 :!.s being ,med to describe 
something on a significantly higher level of mechanization than previously existed in 
that particular activity or plant, rather than any certain minimum level of mechanization 
or automaticity, What is called 11 automation11 in the bakery business, for example, is 
everyday mechanization in the a121tomobile industry. What is a significant advance in 
mechanization in metalworking, let us say, is commonplace in a brewery, This does not 
imply that one field is much more backward than another. Rather, economics, technical 
problems, and mechanical art vary widely between industries, One man 1s automation is 
another man's daily pracrtce. Au~omation is relative, not absolute. 

3 Automation.usually covers a very small part of physical manufacturing 
activity and next to none of the mental activity required. Since automation is being 
introduced as islands of automatic operation in the total sequence, it suggests the need 
for a thoughtful look. Are these islands adapted to further integration, either as a 
whole or as part of a larger island? There is evidence that engineers should give more 
attention to long~range mechani.zation planning. Buying unrelated elements of automation 
piecemeal may be expensive, inefficient. 

IJ. A major element .in achieving automaticity is the mechanizat:l.on of handling. 
The conveyer is some form, and oaccasionally the monorail, is the heart of most highly 
mechanized plants, Processing is being built around,~. and into the conveyer. Automatic 
production is impo~sible without automatic movement. The automatic proceGsing machine is 
only the first step 1 rather than the last, on the road to the automatio,factory, 

5 A significant resµlt of higher levels of mechanlzatlon is the reduction-in 
space requirements for production facilities. With automatic controls, many machines are 
performing more functions than forr1erly, so there can be less equi.pment, Other machines 
are being placed close to each other for transmission of fabricated parts.- Handling 
systems are linking major production centers with each other and with raw-material and 
finished goods storage, Less space is needed '.around production operabions because there 
are fewer operators, traffic pasqageways, and materials in process. Certainly, the 
engineer who sees a long-range space problem should consider the possiblities inherent 
in automation. 

6 We have a long, long way to go to reach full automaticity. Automatic 
processing is relatively easy. Automatic assembly is the glaring weak spot; next to 
nothing has been done in thls area ~xoept in the bulk-materials and a handful of very 
high-volume, discrete-part manufact~:t:ng plants. Product inspection, in spite of 
certain dramatic advances, also is astonishingly unmech~ncized throughout industry, The 
human being's versatility, sensitivity, and power of discrimination, plus materials-hand-
ling ability, are unique. They malw him far and away the most economic inspection 
11 device 11 except -l'or the very precise and/or the highly repetitive inspection activity. 
Where a combination nt factors must be considered in inspection - for instance, cracks, 
flaws, appearanoe, texture, general quality - 1t is a rare machine that can beat him. 
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Theoretically Desirable 

A mechanization profile can be made both of the actual level of mechanization 
and of the theoretically desirable level. A systematic comparison of these two curves 
will highlight important gaps, and the engineer can then consider whether or not the 
expense.·and the time necessary to raise the level of mechanization for a given operation 
seem to be reasonable. Even more important, such analysis will.:suggest whethai' this 
effort might be better directed elsewhere in the total manufacturing cycle. 

CONCLUSION 

This profile techntgue is new and unrefined, It should not be adopted blindly 
or·overenthusiastically. Perhaps its;greatest value is its use as an aid to orderly and 
careful· conside.zation of new coneepts and methods in mechanization. 

Eventually, it may be possible to quantify the profile in some way so that the 
productivity could be related directly to the level and the ~pan of mechanization. 
Perhaps different systems might be compared quanti tat inly --and• thereffore, more accurately. 
this might lead to the ability to measure mechanization in absolute terms so as to compare 
industries and systems and to measure historical progress. 

H0wever, the user should be very careful not.40 be misled by this.J?ough tool. He 
should always remember these factst 

1 A profile can fall into lower levels of mechanization and still the.operation 
may be quite II automatic . 11 Many machines, which we take for granted, ~ctually perform and 
tie together a number·of operations. Thus the fixed-cycle machine provides a great deal 
of automaticity. 

2 There..' is nothing economically virtuous per se in the h°igher · levels of mech­
anization. A system is neither 11 good 11 nor 11 b~d 11 bec§:use it is high or low on the prof.ile 
chart. We should not assume that mechanical achievement implies economic excellence. The 
point of diminishing returns is just as true in mechanization as in anything else. 

3 Automation is not an absolute, but a relative. It is not by accident, but 
by design, that I have avoided a rigid defin~tion from the very beg1.nning of this paper 
and have s'1uply used a number of phrases to imply the act of doing things "more automatically. 11 

That is how automation actually shapes up - in current practice and :Tbfi.some years to come -
as degrees, steps, levels in the advances of mechanization. 

In short, an intelli~nt .. analysis of mechanization will help us to understand what 
is going on - to compare systems - to highlight weak spots. Thus the mechanization profile 
may become a useful tool to broaden our perspective of technical progress. 
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EXHIBIT III. MECHANIZATION PROFILE - CYLINDER BLOCK LINE 

Qrtt,1tion, M:,chine, or Functloc (Stadon) 
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EXHIBIT I. S~GGESTING THE NATURE OF l\!ECHANIZATION IN PRODUCTION 

Basic function Major activities Degree of mechanization 
(indicating the level) 

Prevalence of mec1zanizatimt 
in industry 

(i11dicati11g the amount) (pertaining to the spa11) 

{, 

Processing (creation 
of form utility) 

Movement (creation 
of time and place 
utility) 

Storage (creation of 
. time and place util-
ity) 

Maintenance (reten-
tion of utility) 

Design (conception, 
analysis, interpret a-
tion, planning) 

Measurement 

{ 

Forming 
Assembling 

Packaging 

Medium to extremely high Almost entirely mechanized 
Very low, with a few high Very little, with exceptions 
exceptions 
Very low to extremely high Much in mass-production 

industries and bulk-mate­
rial work (powders, liquids, 
etc.); little elsewhere 

{ 

l 
{ 

{ 

l 

Materials handling Low to, extremely high l\foderate, but rapidly in­
creasing 

Trnnsportation Medium Almost entirely mechanized 
Roughly proportional to size 
of the volume; much in 

Raw materials and !Vledium to very high 
finished goods 
storiige 
In-process storage 

W archousing 

Maintenance 

Low to medium 

Low to moderate, with a few 
high exceptions 

Very low 

bulk-material industries 
Very low, with a few ex­
ceptions 
Roughly proportional to vol­
ume and size of object stored 

Hand and hand tools uni­
versal! y used 

Product design Low to moderate, with a Very little, except in highly 
few high exceptions engineered products such as 

Process design 
Inspection 

Testing 
Production control 

Inventory control 

Low 
Low fo moderate, with a few 
high exceptions 
Moderate to very high 
Very low, with slight ex­
ceptions 
Low to moderate, with a few 
high exceptions 

aircraft 
Very little, with exceptions 
iV1uch (particularly in mass 
production) 
Much 
Fairly common 

Much 

EXHIBIT II. MECHANIZATION PROFILE - RUBBER :rvIATTRESS UNIT 

Opcution, Ma,;;hinc-, or Function {Station) 

/21:il1i,ililllltlll,lllJ1l!l/ .. 
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Ch.int.na ,r,::.ed, poiltion, or dir«• 
tfon accorJina to measurement 

t-- ] 
I a Record Ina p,crfonnsnce li 
10 Sfgnalina the mu1urement nlue: /\ hi 1 

' ;;: 9 ~kuurement of a characteristic 
1---

Act-.ution by Introduction of work I 8 plr-ceormaterhl i 

h 7 Power tool, remote control '} 

1a 6 Po\n:r tool, progr.trn control LI \ X. )I ls-~ X (sequential functfonlng) 

' 
Power tool, fixed cycle {$inile 
function) x \ 1,)1-' \ I \ I' - • Power tool, hand control i( \. I \ X "f. 

;] 3 Powered h.md 1001 "}, \ I I 1 
iJ 1 :1 Hand tool \ I \/ \ \ I 
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NoTE: Dots on lines between operations represent the level of the materials-handling device. 
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1 "Semi-Remote Control Mining with Continuous Haulage." 
Cochran. · Min'ing· co·n·g:re·s·s J·o·u·rn·a1. v6 O, n4 (April, 197 4) 
p.34-41. 
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T·echn·ology. v56, N641 (March, 1974) p.87-91. 

3 "Equipment Utilization - A Problem on Both Sides of the 
Atlantic. n Bates. Mining En·g·.·(London}. vl33, nl61 (April, 
1974} p.289-296. . 

4 "Longwall Layouts and Roadway Design for Effective Strata 
Control in Advance and Retreat Mining." Blades. Min'ing Eng. 

··(London). vl33, nl61 (April, 1974) p.277-288. 

5 "Mechanics of Roof Support Interaction in Longwall Faces." 
Bordi a. Colli•ery Gua-rdi:an. v222, n3 (March, 197 4) p. 83-84. 

Shield System. 6 references. 

6 "Recent Developments in Conveyor versus Track Haulage." 
Laird. East Assoc. Coal Corp. Mining C-on·gr·e·s·s Journal. 
v60, n3 (March, 1974} p.37-43. 

7 11 Modern Trends in Longwall Planning." Blades. Colliery 
Gu·ardian. v2 2 2, n3 (March, 19 7 41 p. 8 5-9 2. 

Covers layout of panels, advance and retreat sys­
tems contrasted economically, roadway design, roadway 
formation, roadside support requirements, the bonding 
of ripping debris. 

8 "Bevercotes Colliery Pioneers Automation." Ironman. 
Coal· Min'ing Process. vll, n4 (April, 1974) p.64-70. 

Development of new techniques and equipments such 
as remote control drivage of development headings, etc. 

9 "Underground Coal Auger Claims Practical Success." Mason. 
C-oaT Minin•g Pro·ce·ss. vll, n3 (March, 1974) p.46-48, 54, 66. 

10 "Continuous Belt Haulage makes Mark Underground." Torre. 
Coal· Mining Process. (March, 19 7 4) p32-35, 50. 

11 "Thin Seam Shearing at Barrow." Anonymous. Colliery 
Guardian. v222, n2 (February, 1974) p.53-55. 

B-2 



NUMBER TITLE 

12 "Deep Mines of Tomorrow." Blakely. Coal· Min•in•g Process. 
vll, nl (January, 1974} p.58-67. 

Several novel methods - expansion of remote control, 
LHD, full face coal boring machines, etc. 

13 "Roundup of What's New in Mining and Preparation. 11 Coal 
· Age. (Feb. 1974} 

14 "Jewel Ridge Coal Corp. Applies Laser Instrumentation at 
an Underground Mine. n · co·a1 Age. (June, 1974) 

15 "Mechanical Hydraulic Pneumatic Options in Deep Mine." 
Transport. co·al Age. {.July, 1974) 

16 "Itmann Coal Improves Safety with Longwall. 11 F. H. Nickeson. 
co·a1 Minin•g Pro·c·e·ss. (May, 197 41 

17 "Gewinnungstechnik Im Steinkohlenbergbau" (Coal Winning 

18 

19 

20 

Techniques in Bituminous Coal Mining} Knissel, W.; Hegermann, G.; 
Henkel, E.; Bassier, F.K.; Ostermann, W. · Gl·u·e·ck·auf. vll0, n7 
(April, 1974) 

"Field Studies On An Unsupported Roof, York Canyon Coal 
Mine Raton, N. Mexico. 11 Stacham, Raymond M. Denver Min. Res. 
Center Colo. U.S.Bureau ·o·f· Min•es Rep. Invest. n7886 (1974) 

Shield Support in Longwalls of West German Coal Mines." 
W. Kohlgruber, Montan-Consulting. Paper presented May 7, 1974 
at Pittsburgh Coal Convention. 

"1974 Buying Directory" -· Coa·1 Age. 

21 "The Laser: Promise Fulfillede" Ma·chin•e Design. R.E.Herzog. 
May, 1974. 

22 "Getting the Most Out of a Stacker System." P.R.Witt. 
· Automation. May, 1974. 

23 "Hydraulic Pipeline makes Continuous Haulage Possible." 
F. H. Nickeson. Coal Mining & Process. 

24 "Can Alert and Pocket Pager Help Solve the Problem of Com-
municating With the Roving Miner. 11 Coa·1 Age. June, 1974. 

25 "The 50 Biggest Bituminous Mines in 1973." Coal Age. 
April, 1974. 

26 "Automatic Control." H. W.Mergler. Ma·rks Handbook. 

27 "Funk..fernsteuerung von Sei_lbahnmaschinen. 11 Mitteilung der 
Charbonn·a·g·e:s de France. January, 197 4. 
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·28 "Automatic Steering at Dawdon Colliery." A. Smith. 
June Mining Technology 

29 "Die Hochfrequenz-Methode zur Messung von Kohlenschichtdicken." 
.J. Olaf. Gluckauf. February, 1974. · 

30 "Longwall Mining." Paper R. Stefanko, Penn State Univ., 

30a 

30b 

30c 

30d 

August, 1974. · 

c. 

R. 

D. 

E. 

. . 
"Anti-Cavitation Design Protects Loader." J. Bauer and 

Hjermstad. Hydraulic & Pneumatics. August, 1974. 

"Special Valving Links Separate Hydrostatic Transmissions." 
Tepel. Hydraulic & Pneumatics.· June, 1974. 

"Twin Hydraulic Circuit is More Economical and Efficient." 
B. Snore. Hydraulic & Pneumatics. June, 1974. 

"Three Power Hydraulic Systems Use Oil Economically." 
R. Carpenter. Hydraulic & Pneumatics. May, 1974. 

30e · "Hobeln Mi t Groben Spantiefen." W. Knisse·l. Gluckauf·. 

30f 

30g 

April, 1974. 

"Flexible Conveyor." Serpentix. Joy Manufacturi~g Co. 

"Sensitized Pick" Joy Manufacturing Co. 

30h "Full Dimension Continuous Haulage System." Long-Air 
Dox Co. 

30j "Transportation System." Lee-Norse 
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31 "Longwall Mining Safety Practices." Jones. · Mining 
Congress· Journal. v59, nl0 (October, 1973) p.34-37. 

32 "New Instrument Controlled Vehicles may soon improve 
safety in Mines." Chirones. Coa'l' Age. v78, n12 (November, 
1973) p.52-57. 

Among equipment described are a remote controlled 
vehicle self-propelled crawler, blind driving of a 
shuttle car, remote piloting of a continuous miner. 

' 33 "Chart Speeds finding Longwall Support Costs." Round. 
· Coa'l' A·ge. v78, nll (.October, 1973) p.154. 

34 "Dynamic Analysis of a heavy duty Coal Ploughing System 
by Digital Computer Simulation. 11 Hewitt. Mining Eng. (London). 
nl36 (January, 1973) p.165-171. 

35 "Outlook of Longwall Mining Systems in the U.S." Kuti. 
Mining Progress Inc. · co·a:1: Age. v77, n8 (August, 1973) p.64-73. 

36 "Forward Abutment in Longwall Mining." Shepherd. Colliery 
Gua·ra-i•an. v221, n5 (May, 1973) p.177-182. 

37 "Stress Distribution and Rock Fracture Zones in the Roof 
of Longwall Face in Coal Mines." Kidybinski. Rock Mech 
vs, nl (.May, 1973) p.1-19. 

38 uLatest Techniques in Roof Control at the Coal Face." 
Carver. · Mining E·n·g.·(Lo·n-aon}. vlSO (March, 1973) p.275-285. 

Immediate Forward Support System - buttress powered 
supports and fixed powered supports discussed. 

39 11 Subsidence in the Near Vicinity of a Longwall Face." 
Ropski. 'Int.· Journa·1 ·of Rock Mech. and Mining Science. vl0, 
n2 (March, 197 3) p .105-118. 

40 "Roadway Drivage. A Review of Modern Techniques." Szilwski. 
Col'lie•ry Guardian. v221, n93 (March, 1973) p.107-110. 

Describes a few designs of the continuous-cutting 
heading machines of British, German and Russian origin. 

41 "Switches that Operate Without Levers." R. G. Green. 

42 

· Automation. (June, 197 3) 
Noncontacting sensing devices which use light, heat, 

fluids under pressure, sound media. 

"Industrial Robots." J. R. Butler. · Automation. 
1973) 

(December, 

How benefits are achieved, factors limiting robot 
usage, robot manufacturers and specifications, and appli­
cation analysis. 
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43 "Guidelines for Selecting Programmable Controllers. 11 

D. Henry. Automation. (Apr.1.l, 1973) 
Programmable controllers in discrete repetitive opera­

tions, batch type chemical processes and web processes. 

44 "Water Based Hydraulic Fluids. 11 R. L. Leslie. Automation. 
(April, 197 3) 

45 "Radio Signalling Systems Applied to Haulages." Brian 
Brooks. Minin•g Te·chno·logy. v55, n636 (October, 1973) 

46 "Electronic Monitoring -of Mines Now a Reality. 11 Richard H. 
Mason. Coal Mining Proces·s. vl0, n 4 (Apri 1, 19 7 3) 

47 "Primenenie Dvukh Kombainov Odin Iz Putei Povysheniya 
Nagruzki Na Lavu." (Use of two combines as one of the ways of 
increasing coal face load) A. L. Malets. Novocherskass 
Polytech Inst. im s. Ordzhonikidze USSR lzv Vyssh Uchebu Zaved 
Gorn Zh (nll 1973) 

48 "On Line Computer Control at Collieries.'' K. W. Chandler. 
NCB Min. Res. & Dev. Establ. Bretby Engl. Mi•ning· Technology 
vSS, n636 (October, 19731 

49 "Experience with the Gleithobel in West Wales. 11 D. E. 
Hughes; N. D. Lewis. Mini•ng Eng·. (Lo·ndon) nl54 (July, 1973) 

50 "Der Einfluss von Einbau - Und Raubarbeiten auf Die 
Wirtschaftlichkeit Des Schreitausbaus." (Influence of Installa­
tion and Removal Operations on the Economics of Powered Self 
Advancing Roof Supports). Erwin Westfaelische Berggewerk Grosse -
Schaftskasse, Bo chum Ger. Glueckauf. vl09, n 7 (March 29, 19 7 3) 

51 "Automatisch Schreitender Ausbau Zur Besseren Hangend-
beherrschung. 11 (Automatic Self-Advancing Roof Supports for 
Better Roof Control) Hermann Irresberger. Glueckauf. vl09, nl2 
(June, 1973) · · 

52 "Technische Vortragsveranstaltung Des Steink@hlenberg-
bauve-reins AM 21 N,ov. 1972 In Essen. 11 (Technical Symposium of 
the West Germany Bituminous Coal Mining Assn. on Nov. 21, 1972 
in Essen) Karl Heinz Hawner. Glueckauf. vl09 (Feb. 1, 1973) 

53 "Computer Control of the Mines Transport Systems in Coal 
Mines." Firganek, B. Cent. Min. Inst. Katowice Pol. Int. Fed. 
of Autom. Control Syrop. on Autom. Control in Min. Mine and Met.· 
Process 2nd, Sydney, Australia. Aug. 13~17, 1973. Publ. by 
Inst. of Eng. Aust. (Nat'l Conf. Publ.} n73/4 (Sydney 1973) 
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NUMBER 

54 

55 

T!TLE 

"Transport Par Train Automoteur Sur Monorail Suspendu 
(Underground Transportation by a Self-Propelled Train on Sus­
pended Monorail) Anon. rn·d.· Min•ey Mine n5, Suppl. to 
(December, 1973) 

"Sensors For Coal-Mine Shuttle Cars." W. C. Troll. 
Bendix Tech. j v6, nl (Spring, 1973) 

56 "Some Safety and Health Aspects of Longwall Retreat 
Mining. " Carver, J. Min in:g En:gJn·e·er-ing · (London) . v 14 8 
(January, 1973) p.191-203. 

57 "Remote Control Mining comes of Age." Lindsay. Coal 
Minin•g Pro·c·e·ss. vlO, n9 (September, 1973) p30-34, 41. 

The program of development of remotely controlled 
shuttle car is discussed. 

58 "Rack a Track." Mills, L.J. Mining Engin•e·er-ing (London). 
n154 (July, 1973} p481-491. 

The incidence of power loader stoppages on mechanized 
faces due to shearer haulage chain breakages. Solutions 
offered. 

59 "Evaluation of a Machine Mounted Dust Collector." Tomb, T.F. 
u.s.· Bu·r·e·a·u of: Min•e·s,· Re:p·ort ·o·f 'Investigation. RI 7788 ·(1973) 
17p. 

A dust collection system designed for integral use 
with a continuous mining machine. 

60 "Planning to use F-R 'Inverts' in Continuous Miners? 
Do's and don'ts." Duncan, J.P. · Coa:1· Age. v78, n4 (April, 
1973) p68-69& 

61 "Increasing the Output of Underground Coal Mines in the 
Decade Ahead." Laird. SAE preprints, n730449 for meeting 
(April 2-4, 1973) 4p. 

Current research and development projects are dis­
cussed and future predicted. 

62 Automation and Telecentral of a Plowed Face by means of 
Programmed, Electric control of the Plow and Automation of the 
Hydraulic Roof Supports." Adam, M.R. Industrie: Minerale. n2. 
Supplement to June, 1973. p88-94. ·*rri: Fr·en:ch. 

63 "Automation et Telecommande en Taille." R. Schweitzer. 
Indus tr•ie Miner·a:1e-Mine, June 19 7 3. 

64 "Trepan-Shearer." Mining Technology, ·October 1973. 

65 "Make Order Out of Chaos - Sort Automatically." C.G.East. 
Automation. December, 1973. 
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rnMBER TITLE 

66 "Lunar Rover Sensors Direct Mine Fire Fighter." H.Collett. 
Machine Design. December, 1973. 

67 "Group Technology, What Role for Robots?" K. Morishita and 
G. Boothroyd. Automation. August, 1973. 

68 "Sensing Parts in Production." R. B. Ritland. Automation. 
July, 1973. 

69 "Pneumatische Meb- und Steuerungstechnik fur Streb und 
Strecke." P. Dordelmann, H. Schmidt. Gluckauf. August, 1973. 

70 "Vorrichtung zum Zahlen von Forderwagen mit Transformator-
geber, der auf die Wagenwandung anspricht." A. P. Karev, 

· I. s. Kosecko, A. v.· Klanjuk, v. N. Pancenko. Ugol Ukrainy, 
1973. 

71 "Die Uberwachung der Hobelstellung im Streb durch das 
Thesiskop." P~ Belugou. Gluckauf, August, 1973. 

72 "Die autorriatische Hohensteuerung an Walzenschramladern." 
Dr. J. Olaf. Gluckauf, 1973. 

73 "Commande a distance d'un rabot a deux vitesses (looo V) 
J. Huybrechts. Techn. Ing. El. Diest Ond. 1973 

73a "Automatische Schreitender Ausbau Zur Besseren Hangendbeherrschung." 
H. Irresberger. Gluckauf. June, 1973. 

73b "Grobere Hubelschnittiefen In Dunnen Flozen Durch Weggesteuertes 
Rucken." W. Knissel. Gluckauf. June, 1973. 

73c "Probleme Der Ausgasung Bei Steigenden Fordermengen Im Abbau." 
Hermann Busche. Gluckauf.- February, 1973. 

73d Hobeltechuk In Europa." Heinz Kundel. Gluckauf. January, 1973. 

73e "Neue Erfahrungen Mit Dem Schildausbau." Josef Grundmann. 
Gluckauf. 109 (1973) NR 3 

73f "Betriebserfahrungen Mit Dem Gleithobel In Sehr Harter Kohle. 11 

H. Kub. Gluckauf. February, 1973. 

73g '!Robots and Fluid Power Team For Action. 11 M. Szabo. Hydraulics & 

Pneumatics." November, 1973. 

73h "Motion Sensing Techniques Using Presence Detectors." 
N. Andreiev. Control Engineering. November, 1973. 

73i "Automatic Steering of Longwall Machines." R. S. Graham, 
W. Gordon. Paper 
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TITLE 

NUMBER 

73j "Radio Control Equipment." Paper 

73k "The M.R.D.E. Type 326B Nucleonic Automatic Steering 
System as Fitted to an A.B. 16 Inch 125/200 H.P. Fixed brum 
Shearer." Paper 

73m "Automated Longwall Shearers." Paper 

73n "Integrated Circuit Techniques Produce New Type Pressure 
Transducei. 11 E. Kornpass. Control Engineering. June, 1973. 
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NUMBER TITLE 

74 "Underground Coal Mining faces Technologic Transition 

75 

76 

in Decade Ah.ead." Mueller.· Mining Eng. (N. Y.) v2 4, nl0 
(October, 1972) p.59-62. 

Technical and future trends including longwall 
mining. Predicted that longwall will go from 3% in 
1972 - 10% in 1980. 

"Need for a New Mining System." 
Congress Journal. v58, n9 (September, 

Longwall system developed in 
disadvantages. Combined Room and 
has good possibilities. 

Gallimore. Mi'n'ing 
1972) p.24-29.­
West Germany also has 
Pillar and Longwall 

"American Mining Congress, Coal Show, Report.on Coal 
Technology, 1972. Congr. Am. Min. Congr. Coal Show, Repon 
Coal Technol, Cleveland, Ohio May 8-11, 1972. Var. Pagings 
Organ by Coal Div. Pub. by Am. Min.Congr., Washington, D.C. 
( 197 2) 

Volume has 39 papers including "longwall mining 
with sub-level cave in" and "analysis of productivity 
and costs at deep coal mines." 

77 "Math Investigation into the Optimum Ratio of Plough and 
Conveyor Speeds in multi-plough bi-directional cutting." 
Smith, J.D. Int. Journal Rock Mech. Mining Science. v9, n6 
November, 1972) p.767-781. 

7 8 "Progress in Supporting Gate Entries in Longwall Mining." 
Weekes. Mining Congress Journal. v58, nll (November, 1972) 
p30-33. 

Discuss the different in application of.longwall 
mining method between UK and US. 

79 "Distribution of Displacements and Stresses around a Long-
wall Working." Gil., Archiwum Gornictwa. vl7, n3 (1972) 
p.249-264. 

Paper consider~ the influence of advance rate of a 
longwall face on the distribution of .•.. 

80 "Symposium on Computerization Processing 1972 Syrop. 
Syrop. on Comput. Proc. Harrogate, Yorkshire Engl. March 1-3, 
1972." Publ. by Inst. of Min. Eng. (London) 1972. 

81 "Shortwall A Way to Boost Production." Zachar, F.R. 
Joy Manufacturing Co., Pittsburgh, Pa. Coal Mining Process. 
v9, nl2 (December, 1972) 

82 "Protect Your Drive Systems." R. C. Lernmler. Automation. 
(August, 1972) 

83 "Ziele Und Moeglichkeiten Der Weiterentwicklung von 
Schrertausbau. 11 (Targets and Possibilities of Further Develop­
ment of Powered Self-Advancing Roof Supports) Irresberger, 
Hermann. Glueckauf. vl08, n21 (October 12, 1972) 

84 "American ver$11$. German Longwall Mining Methods." Blaer,P.H. 
Mining Congress Journal. vs 8 (January, 1972) p. 30-36. 
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85 "Radio Control System CS6." Leaflet H910. Anderson-Maver 
Ltd. 

86 "Nucleonic Steering System." Leaflet H920. Anderson-Maver 
Ltd. 

87 "Outlook of Longwall Mining Systems." J. Kuti. Coal Age. 

88 

89 

90 

91 

92 

93 

August, 1972. 

"Longwall Mining with Sublevel Caving." R. Collier. 
Mining Congr. Journal. December, 1972. · 

"Development of a Trajectory Following Control System." 
F. Hull. Perceptronics. 

Paper presenting means for controlling slow moving, 
high inertia remote manipulator. 

"Automatisierung der Lade- und Kippstellen." D. Zimmerman. 
Informationstagung "Automatisierung i. Steinkohlenbergbau." 1972. 

"Automatiserung der vor- und nachgeschalteten Betriebe." 
Dr. Olaf. Informationstagung "Automatisierung i. Steinkohlen-
bergbau." 1972. · · · 

"Untersuchungen zur Hohensteuerung von Kohlenhobeln" 
(Stand Juni 1971) -Dr. H.J. Lurig. Informationstagung 
"Automatisierung i. Steinkohlenbergbau." 1972. · 

"Die Automatische Steuerung von Anderton-Walzenschramladern 
im Flozhorizont." A. E. Bennett. Informationstagting 
"Automatisierung." 1972. 

94 "Automatisierung und Fernuberwachung eines Hobelstrebs mit 
programmierter elektrischer Uberwachung der Gewinnung und 
hydraulischer Automatisierung des Ausbaus." R. Adam. 
Informationstagung "Automatisierung." 1972. 

95 "Automatisierung und Fernsteuerung der Betriebsablaufe im 
Streb,:.. R. Schweitzer. Informationstagung "Automatisierung." 
1972. 

9 6 "Fernuberwachung und Fernsteuerung im Abbau" (Einige Entwick-
lungen in Frankreich) P. Belugou. Informationstagung 
"Automatisierung." 1972. · 

97 "Neuere Entwicklungen von Funkgeraten im Westdeutschen 
Steinkohlenbergbau." I. Steudel. Informationstagung 
"Automatisierung." 1972. 

\ 

98 "Pneumatische Logik und Strebautomatisierung." H. Schmidt 
Informationstagung "Automatisierung. 11 1972. · 
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99 "Schramladertechnik in Europa." H. Kundel. Gluckauf, Juli 
1972. 

100 "Cutting Coal-Winning in the Federal Republic of Germany." 
H. R. Sander. Gluckauf, August, 1972. 

101 "Entwicklungstand der Strebsteuerwarten." J. Olaf, W. Ratz. 
G'l'uckauf 

102 "Development of Face Equipment for the 1970's. J. Morley, 
A. D. McLuckie, I. Jeffrey. · co1•1i•ery Guardian. October, 1972. 

103 "Erprobung einer Einrichtung zum Fernsteuern des Ausbauwider-
standes von schreitendem Strebausbau." E.G. Scerbina, K. F. 
Fedorov. Ugol 1972. 

103a 11 Die Gewinnung Mit Dem Kohleuhobel. 11 K. Beckmann. Gluckauf. 
August, 1972. · 

103b "Automatisation Et Telecontrole Dune Taill Rabutee Auec 
Controle Electrique Programme De L'abattage Et Automatisation 
Hydraulique Du Soutenei:nent. 11 M. R. Adams. Journees D' Informa­
tion. May, 1972. 
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NUMBER TITLE 

104 "Thick Seam Longwalling at Eastern." Laird, W. Coal Age. 
(May, 1971) p. 84-85. 

105 "Research and D·evelopment at the Steinkohlenbergbounerein." 
Hawner, K.H. Colliery Guardian. v219, nll (November, 1971) 
p.509-15.; v219, nl2 (December, 1971) p.571-4, 576-7. 

Two part paper discusses the present state-of-the-art. 
Activities discussed are - mine safety and productivity •.. 
dust control; mine ventilation, rock mechanics; roadway 
and face supports; boreholes ••• One of the goals is in­
crease of production from a longwall face up to 3000 tons 
per day. 6 2 ref ere rices. · 

106 "International Longwall Conveying Practice." Bourne, W.J.W. 
Mining En•ginee•ring. nl.30 (July, 1971) p.683-94. 

Examines longwall armoured flexible conveying prac­
tice on an international basis. Current trends an_d equip­
ment are examined. 

107 "Reducing Coal Dust at the Face." Kelemen, A. Mining 
Congress Journal. v57, n9 (September, 1971) p.112-6. 

Relates measure undertaken to reduce dust at the 
longwall face. 

108 "Longwall Experience at the Gateway Mine." Hubbard, J!S. 
Mining Congress Journal. v57, nl0 (October, 1971) p. 43-7. 

The system, employing a double drum shearer, six­
by 510 ton capacity chocks, single strand chain conveyor 
and stage loader averaging 2100 tons per day. 

109 "Longwall Mining Western Style." Jackson, D. Coal Age. 
v76, n4 (April, 1971) p.72-81. 

In 1961 Kaiser Steel began experimenting with Longwall 
mining at their Sunnyside Coal Mines in Utah. Present 
technique is described. 

110 "Design and Layout of Longwall Workings." Whittaker. 
Mining Engineering. nl34 (November, 1971) p.79-96. 

111 "Five Years of Longwalling Experience Pays Off." Jones ,D. C. 
Coal Mining and Processing. v8, n3 (March, 1971) p.56-60. 

Discusses two mines in Pennsylvania, one with world 
output record 7280 tp and presents in detail all phases 
of longwall mining. 

112 "Machine for New Mining Techniques." Small. Mining Engi-
neer. nl27 (April, 1971) p.451:....62. 

Describes a completely new machine which gets and 
conveys the coal and supports the roof. 

113 "Longwall Produces Record Tonnage. 11 Watson. Coal Age. 
v76, n3 (March, 1971) p.64-75. 

Pennsylvania mine produces 7280tp and using a 270hp 
Anderson-Boyes shearer. Hi.story of system and equipment 
development is described. B·-l 2 



NUMBER 

114 

115 

116 

TITLE 

uEin System zurn automatischen Ausrichten, Schwenken und 
Orten eines Strebs. 11 Dip.-Phys. Helmut Schmidt. Glu-ckauf, 
April, 1971. 

"Das System der Steuerung des technologischen Prozesses 
der Grube JAN mit dem Digitalrechner ODRA 1204." 
Dr. B. Firganek, z. Karolozak, J. Kawka, A. Menoel. Przeglad 
Gorniczy, 1971 

"Vorrichtung zur Uberwachung der Bewegung und des Zustandes 
der Kettenbander von Kratzerforderern. 11 A. s. Volin, I. s. Bograd, 
R. E. Lifljand, G. M. Avseev. Ugo·1· Ukrainy, 1971. 
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117 "Developments in Continuous Mining Machines." Kogelman,W.J. 
Mining Congress Journal. v57 (June, 1971) p.50-54. 

118 "Mining of Steeply Dipping Coal Seams with Roof Caving and 

119 

Self-Advancing Roof Supports." (Bruchbau mit Schreitausbau in 
stark geneigter Lagerung) M. Kuhn, K.H. Voss, Glueckauf. vl07, 
n7 (April, 1971) 

11Mining Guidebook." Anon. Coa'l' Age. v76, n7 (July, 1971) 

120 •rRoof Control with H.ydraulically Driven Pins. 11 M. v. Harrell. 
Mining Cong. j v57, n7 (July, 19711 · 

121 nRecent experi.ences with Sliding Caps. 11 (Neuere Erfahrungen 
rnit Gleithappen} H.. H.unke. ·G'l'ue·ck:auf. vl07, nll (May 27, 1971) 

122 11 Effect of H.ydraulic Self-Advancing Supports on Roof in 
Coal Faces Mined By· Caving.n (Pie wrrkung des Schrietausbaus 
auf das~ liangende iri RrucW5austreBenI H.. Herwig, o. Jacobi. 

· Gluecka·uf. · vl07, n22 COctoBer 28,. _19:71)" 

12 3 '"Supply of H.ydrauli.c Power to Self-Advancing Roof Supports 
in Longwall Faces." (Die H.ydrauli.s·ch.e Versorgung von Streben 
mit Schreitausbaul. J. Krahe. · 'Gl·ue·ck:a·uf·. vl07, n9 (April 29, 
1971} 

124 •rLongwall Mining of Thick Coal Seams in France by Tapping 

125 

of Broken, Overlaying Coal." CStrebbau mi t Abziehen der 
Rangendkohle in Maechtigen Floezen auf Franzoesischen Zechen). 
R. · Schweitzer, H. Taur:i.nya. · G'l'ue·cka·uf. vl07, n8 ~ .".pril, 1971) 

"New Concepts in Plough Design and Operation." B. N. Whittaker. 
Col'l'i:eYy GUaYdian. v219, n7 (July, 1971) 

126 "Will Coal Plowing Come to Canada. 11 V. Hucka (Laval Univ. 
Que} H. Monetti,• Can·. Min•ing. j v92, nll (Nov. 1971) 

127 uAll-Hydraulic R.O.L.F." at Westoe Colliery. H. F. Watson. 
ColTiery Gu:ardi:an Annual· Review~ September, 1971 

Summary of the successful use of ROLF at Westoe Colliery. 

128 "Meeting the Present-Day Challenge. 11 R. Shepherd. 
Colli•ery Guardian 219 (6) June-1971 

Brief mention is made of Dowty modern support control 
systems. 

129 "Some Impressions of the American Coal Mining Industry." 
c. T. Massey. The· Mining Eng. July, 1971. 

130 "The Preparation and Trial of an AB 16 Automatic Steering 
Shearer Loader at West Cannock No. 5 Colliery." D: K. Barham. 
The Mining Eng. April, 1971. 

131 "Continuous Face Haulage At Union Carbides Fawn Mine." 
T. W. Garges. Mining Congr-ess ·Journ. September, 1971. 
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~UMBER 

132 "Is 
Answer?" 
(August, 

TITLE 

Automated Semi-Longwall Production of Anthracite 
Anonymous. Coal Mining & Processing. v7, nB 

1970) p.34-8. 
Experimenting with two European semi-longwall 

shearer loaders in pitch mining to reduce costs. 

the 

133 "Stable Hole Development." Goshell, H.E. Mining Congress 
Journal. v56, nll (November, 1970} p.32-4. 

Heavy bottom and bad top affected production. A new 
machine designed for driving stable holes is now in use. 

134 "Longwall Consideration at Barnes and Tucker." Sheriff,E.P. 

135 

136 

137 

138 

Mining Congress Journal. v56, nl2 (December, 1970) p.31-4. 
Longwall equipment at Barnes & Tucker's three mines 

includes Eickhoff ingle drum bi-directional shearers 
with Gullick, five leg 275-t chocks. 

Cut 
v7, 

"Longwall Mining 1970." Jones, D.C. Coal Mining Process-
v7, nl2 (December, 1970) p.38-45, 62. · 

Paper reports on presently active longwall installa­
tions in the U.S. as to the mining conditions, types of 
equipment and operating features and presents a forecast 
for the next five years. 

"High-Speed Ploughing with Special Reference to the Fixed 
Principle." Whittaker. Int. J. Rock Mech. Mining Sci. 
n5 (September, 1970) p.445-79. . 

A detailed analysis is made of each of a number of 
ways of operating a plough at high speed in conjunction 
with advancing the longwall face converter by increments. 
The cycle of operations for each method is analyzed and 
optimum operating conditions established. Equations are 
derived linking parameters such as machine speed, conveyor 
speed, extracted section, depth of cut and conveyor capa­
city for each of the systems described. It is shown that 
high-speed ploughing can increase the potential from long­
wall workings several fold. 6-·references. 

"Some Factors Governing the Rate Output on a Longwall Face." 
Teale •. Mining Eng. (London). nll.8 (July, 1970) p.616-627. 

The first part of paper develops the general equation 
matching cutting and conveying rates, over the whole range 
of machine speeds, in both directions of cutting and in­
troduces the concept of "unit cut," to be modified by.a 
"cut factor." The 2nd part derives the equations for 
overall production rate for various methods of working. 

"Relationship between Machine Output and Fac.e Conveyor 
Capacity." Guppy. Mining Eng. (London). nllB (July, 1970) 
p598-615. 

A procedure has been deduced whereby the true mineral 
carrying capacity of armoured flexible carriers may be 
deduced. The work has· further been extended to relate 
machine web and extracted section to machine and conveyor 
speed so that conditions may be selected to give maximum 
loading. Nornograms and Tables. 6 references .• 
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JMBER TITLE 

L39 "Longwall Experience in the Pittsburgh Seam." Katlic. 
Mining Congress Journal. v56, n7 (July, 1970) p.38-43. 

Introduced in 1969. 2500t/per shift. Increased 
recovery of coal by 13%, reduction of mining cost and 
improvement in face ventilation. 

L40 "Longwall in Thin Seams." Sanders. Mining Con·gress Journal. 
v56, n3 (March, 1970) p.50-64. 

Gradual exhaustion of thick coal seams in UK will 
impose greater reliance on thin seams defined as those 
36 in thick and under. Most coal is produced by longwall 
advancing faces. Next should be longwall retreat mining 
where possible. This can be done to available equipment. 

L41 "Understanding Adaptive Control." J. Adams, Automation. 

L42 

L43 

L44 

L45 

L46 

L47 

L48 

.50 

.51 

(March, 19 7 0) 

"Mine Development." Anon. Coa"l Age. v75, n7 (July, 1970) 

"Mono-rail system at Horden Colliery." R. G. McKillup. 
Mining Eng·.·(Lon·don) v130, nl22 (November, 1970) 

"Novel Concept of Programming the Underground Haulage in 
Mines." (Une nouvelle conception de la programmation du 
transport principal dans les mines) J. Saucez (Faculte Poly­
technique, Mons Belgium) • Ann Mine·s Belg. nl (January, 1970) 

"Application of Programming Underground Haulage by Dis-· 
patching at Hasard (Belgium) Coal Mine." (Mise en application 
d'une programmation du transport principal par dispatching a la 
S.A.des Charbonnages du Hasard). R. Hardenne. Ann Mines Belg. 
nl (January 1970). 

"Monorail Haulage System." R. Stefanko (Pennsylvania State 
Univ., University Park) E.H. Watkins. Mining Cong. jv56, n6 
(June, 1970) 

"Behavior of various Types of Roof. Supports in Longwall 
Faces." (Comportement de divers types de soutenement en 
taille). R. Liegeois (Liniex,. Liege, Belgium) Ann Mines Belg 
n2 (February, 1970) 

"Starting phase of Longwail Faces with Roof Cavings." 
(Die Anlaufphase von Bruchbaustreben). E. Skutta. Glueckauf. 
v106, n8 (April 16, 1970) 

"Ground Control with Longwall Mining." A. J. Barry. 
(U.S.Bureau of Mines, Denver, Colo.) Mining Congr. jv56, n6 
(June, 197 0) 

"Model Mining 1970, Chestnut Ridge, Energy for Millions." 
A. E. Flowers. Coal" Age. v75, nl0 (October, 1970) 

"Trends in Coal Mining Mechanization." M. J. duPlessis. 
Certif. Eng. v43, n4 (lpril, 1970) 



~UMBER TITLE 

152 "Mechanized Mining in Czechoslovakia." Anon. · ColTier 
Guardian. v218, n9 (September, 1970) 

153 "New Heavy Duty Conveyor for Mining Industry." R. K. Singhal. 

154 

155 

156 

156a 

Aust. Mining. v62, n6 (June, 1970) 

"Symposium on Automation of Mining Operations. Apr. 21-23, 
1970; Syrop. United Nations, New York, N.Y." ST/ECE/COAL/52 
(1970). (Summary state-of-art automation at end of 1968. 
U.K.,Hungary W.Ger.,Pol.,USSR,French.) 

'"All-Hydraulic Remote Control of Powered Systems." K. Cheshir, 
D. P. Terry, D. G. A. Thomas. Mining Technology. February, 1970. 

"The Economics of Electronic Chock Control." J. Ashurst, 
D.R. Dalton, R. Ward. Mining Technology. February, 1970. 

"High Speed Ploughing With Special Reference To The Fixed-Cut 
Principle." B. N. Whittaker. Int. Jour. of Rock Mechanics and 
Mining Sciences~ 1970. 
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NUMBER TITLE 

157 "Automation and Remote Control in UK and in ECSC. 11 Anon. 
Colliery Guardian. v217, n8 (August, 1969) p.443-9. 

Reviews research and describes work in longwall cutting, 
loading, and conveying equipment, hydraulically powered 
"walking" roofs, supports as element of remotely operated 
longwall face operations; underground transportation, 
telecommunications and data processing. 

158 "Outlook for Longwall Mining in North America." Weir. 
Mining Congress ·Jour::iral. v55, n7 (July, 1969) p.42-8. 

Longwall mining has become highly efficient method of 
mining coal since development of self-advancing roof sup­
ports and flexible armored conveyor; application of method 
in connection with physical characteristics of coal occur­
rence and operating features of system are examined. 

159 "Retreat Mining. Practice and Problems." Carr. Mining 
Eng. (London). nlll (December, 1969) p.157-75. 

First part of paper is devoted to current results on 
coalface and heading driving performances. 2nd and 3rd 
parts outline problems of strata control and roadway driv­
age where considerable progress must be made if retreat 
method is to be a major producing technique. 

160 "Electrical Requirements for Longwall. 11 Criste. Mining 
Congress Journal. v55, n6 (June, 1969) p.28-32. 

Discusses factors involved in selecting suitable 
voltage level and describes 950v system installed for 
shearer at Fed. #1 of Eastern Assoc. Coal Corp. 

161 "Sunnyside Goes to Higher Production Longwall Equipment." 
K. Savidge (Dowty Mining Equip. Co., Pittsburgh, Pa.) Coal 
Mining ~recess. v6, n8 (August, 1969) · 

162 "Experimental Investigations of Coal Ploughing in Descending 
Coal Faces." (Untersuchugen des Versuchsfeldes Bergtechnik zum 
Betrieb von Hobelanlagen bei fallend gefuenhrtem Abbau), 
H. Jo Luerig. Glueckauf-Forschungs~. v30, n6 (December, 1969) 

163 "Investigation of Moving Longwall Equipment Operation." 
(Ergebnisse einer Untersuchung ueber das umizieken mit 
Strebausruestungen). F. Fichbaum, G. Skowronski. Glueckauf 
vl0S~ nl0 (May, 19 69) 

164 "New Ploughing Techniques Increase Longwall Production Poten-
tail in West German Coal Mines." H. w. Wild. Mining Congr 
jv55, nl2 (December, 1969) 

165 "Mechanization and automation in British Coal Industry." 
H. E. Collins, 7th World Energy Conf. Aug. 20-24, 1968 Moscow, 
Trans. vs, Sect. A (1969) · 

166 "Symposium on telecommunications. Remote control and auto-
mation in eoal Mines." Anon. Annales des Mines de Belgique . 
nl0, 11, 12 (October, 1969). Symposium held by Institut National 
de Industrie Charbonniere, Liegi, Belgium, May 17, 1968 
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NUMBER TITLE 

167 "Beyond R.O.L.F. - Automatic Control and Computers." 
J. L. Collinson. Mining Engineer 125 (69) June 

Synopsis of paper. 

168 "ROLF-cur.rent Review and Future Prospects." J. Cope. 
Mining Electrical and Mechanical Engineer 50 (582) April 1969. 

Experience gained with existing equipment since 1964 
and the new equipment introduced since then. Describes 
the installations in 9 collieries, and the current state 
of development of machine steering and chock control sys­
tems, instrumentation and radio control. 

169 "Der Stand des folgegesteuerten und des automatischen 
Strebausbaus." Dr. H.· Irresberger. Gluckauf, March, 1969 

170 "Automatisierung und Fernwirktechnik im Bergbau." 
Dr. J. Olaf. Gluckauf. September, 1969 

171 "Recent Developments in Remote Chock Operation." J. Ashurst, 
R. Ward. The Mining Electrical and Mechanical Engineer. 
November, 1969. 
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NUMBER TITLE 

172 "Automatic Vertical Steering of Coal-Face Machines." 
Webb. Measurements and Controls. vl, n9 (September, 1968) 
p. 313-20. 

Study of feasibility of automatic vertical steering 
of conveyor mounted shearer on mechanized longwall face; 
paper covers description of longwall face, need for control, 
method of steering, error sensing, control system ob­
jectives and variants, analysis· of face - advancing and 
along - face modes, and design and operation of scale 
model. · 

17 3 "Longwall Developments in Great Britain." Sheppard. 
Mining Cc:mgress Journal. v54, n9 (September, 19 68) p. 57-62. 

174 "Support Problems in Mechanized Mining." Binns. Mining 
Engineering. n95 (August, 1968) p.599-610. 

Powered roof supports are used in 750 longwall faces 
in Great Britain and nearly 70% of mechanized output is 
produced from them. Review of changes in design over 
last 15 years is made. Also possibility for face light­
ing units in supports. 

175 "All-Hydraulic ROLF." . Colliery Guardian 216 (557a) 

176 

177 

178 

178a 

2 February 1968. 
A Dowty.system of remote control, said to be equal to 

the coal getting capacity of the electro-hydraulic ROLF 
systems. 

"Longwall Remote Control." All Hydraulic ROLF System. 
Engineer 225 (5846) 9 February 1968. 

"Electric Motor-Driven Mine Equipment and Accessories." 
U.S.Dept. Int. Bureau of Mines, 1968. 

,r-Application and Control of Powered Supports." K. Cheshir, 
J. N. Duncan. The Mining Electrical and Mechanical Engineer. 
June., 19 6 8 • 

."Die Entwicklung Bergtechnischer Verriegelungssteue -
Rung en Mi t Technischen Logikbausteinen. II H·. Schmidt. Gluckauf. 
April, 1968. 
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NUMBER TITLE 

179 "Coal Miners in White Coats." Automation. (September, 
1967. 

180 "Control and Communication Systems at Bevercotes Colliery. 11 

P.J .Becque. Mining· Engineer 126 (78) March 1967. 
Extensive use has been made of remote and automatic 

control in almost all of the colliery operations and pro­
duction control has been centralized with overall super­
vision from a control room on the surface. 

181 "The Influence of New Developments on Control and Super-
vision of Mine Operations." · T. W. Peters. Mining· Engineer 126 
(76) January, 1967. 

Points out that the current stage of remote control 
technique, particularly on the face, is only an intermediate 
step in a period of rapid technological change. Discusses 
the future management structure, staffing and manpower com­
plements and suggests how the functions of control and super­
vision for both mining and engineering may be influenced by 
this technological change. 

182 "ROLF 4 at Woolley colliery: Application of Automated 
Equipment to a Thin Seam. 11 c. Round. · co·lTieYy Guardian 214 
(5518) January, 1967. 

I 

Describes the project from the planning stage. In­
cludes personnel training. 
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NUMBER TITLE 

183 "Installation of ROLF II at Ormonde colliery: Operational 
Problems." H. Jackson. Colliery Guardian 212. May, 1966. 

184 ''Powered Supports - 1965." N. H. McLeod. Mining Engineer. 

185 

125 (67) April, 1966. 

say 

In the section on modern control systems, R.O.L.F. is 
briefly discussed. 

"Preparations for R.O.L.F. at Marine colliery." R. E. Lind­
et al. Mining Engineer 126 (75) December, 1966. 

The design adopted envisages the use of advanced 
heading techniques with coal blasted off the solid and 
loaded by means of gathering arm loaders. Face and equip­
ment and conditions in the gate road are discussed. 

' . 

186 "Remote Control at the Coalface." D. Martin. Transactions 
Society of Instrument Technology 18 September, 1966. 

Automation of the coal face requires the application 
of coal-sensing and self-steering principles to the cutting 
machine to confine it within the vertical limits of the 
seam. Elaborate systems for the automatic control and 
movement of roof supports have had to be devised. To 
allow for the occasional presence of maintenance workers 
during operations, an efficient speech communication system 
and safety devices are essential. 

187 "The Application of Remote Control Techniques and the. 
Intensive Use of Plant Capacity." T. W. Peters. Mining Engineer 
125 (69) June, 1966. 

Reviews progress in the installation of remotely con­
trolled plant and discusses proposals implemented at 
Bevercotes. These activities are then discussed in the 
light of future operating conditions. Certain conclusions 
are drawn affecting future activities as to face length, 
face ends, face access, the space occupied by plant im­
mediately behind the face, manriding, materials and dirt 
handling and coal clearance. · 

188 "The Role- of Electronic Instrumentation As An Aid To Manage-
ment." A. E. Bennett. Mining Engineer 125 (68) May, 1966. · 

Synopsis of paper. 

189 "The Role of Electronic Instrumentation As An Aid To Manage-
ment." A. E. Bennett. Mining Engineer 125 (72) September, 1966. 

Discusses remotely controlled conveyor schemes and their 
associated manless transfer points. Considers the applica­
tion of ROLF to improving machine utilization times. A 
case is made for the establishment of a surface remote in­
dication centre and a production controlled responsible for. 
the flow of coal from the·face to the wagon. 
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190 "Some Impressions of the 1965 C.U.M.M. Exhibition." 
D. N. Simpson. Mining Engineer. 124 (60) September, 1965. 

Exhibition by the Council Underground Machinery Manu­
facturers; includes a consideration of ROLF. 

191 "The Transfer of ROLF II at Ormonde colliery." B. G. Wright. 
Colliery Guardian 212 (5465) 14 January, 1966. 

Deals with the transfer, of the equipment from Piper I 
seam to Piper 18. 
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NUMBER 

192 

193 

194 

TITLE 

"Anderton Shearer Loader Arranged with Independent Haulage 
for ROLF Operation." Colliery Guardian 211 (5443) August, 1965. 

Modifications made in the AB Sixteen Anderton Shearer 
Loader. 

"Current Experience with Remotely Operated Longwall Faces 
and Their Future Application." J.H.R. Cope. Mining Engineer 124 
(56) May, 1965. 

Synopsis of paper. 

"Historical background of Remotely Operated Longwall Faces." 
W. Adcock. Mining Electrical and Mechanical 1Engine~r 45 (533) 
March, 1965. _ -

In 5 parts: (a) remote control of face supports 
(b) remote control of all operations between stables 
(c) evolution of ROLF pilot installations 
(d) performance of ROLF pilot installations 
(e) future developments 

19 5 "NCB." Public Relations Department. Mining by remote control. 

196 

197 

1965. 

"Philosophy and Future Developments of ROLF." J. Cope. 
Mining Engineer 125 (62) November, 1965. 

Gives details of the installation and beginning of 
operation of the first 2 ROLFS. Part 2 summarizes the results 
to date and analyses the operation of the separate develop­
ments. Also discussed is the philosophy involved in the 
project and the proposed extension of ROLF. 

"Planning a Remotely-Operated Longwall Face." W. D. Alcock 
and K. Caswell. Mining Engineer 124 (52) January, 1965. 

Synopsis of paper. 

198 "Remote Control of Electrical and Mechanical Equipment at 

199 

200 

the Coalface." R. F. Lansdown. Mining Engineer 124 (3) February 1965. 
A report on a symposium held by the AMEME in Harrogate, 

November 1964. 

"Remote Control of Face Machinery: 1. Coal Winning Machines. 
B. Pidgeon and V. Thomas. Mining Electrical and Mechanical Engi• 
neer 45 (533) March, 1965. 

- The main requirements for remotely controlled cutter­
loaders: steering, haulage, power supply to the machine 
and associated controls, protective and auxiliary monitoring 
cable handling and tele-control techniques. · 

"Remotely Operated Powered_Stipports : 2. Electric Control 
Systems. 11 P. Billing et al. Mining Electrical· and Mechanical 
Engineer 45 (533) March, 1965. 

Discusses ROLF 1 at Newstead colliery and ROLF 2 at 
Ormonde colliery, giving a detailed description of the control 
circuits. Gives an account of "blind" control at the 
collieries and outlines future developments. 
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NUMBER TITLE 
201 "Remotely Operated Powered Supports: 1. Hydraulic and 

Mechanical Design." J. Kibble et al. Mining Electrical and 
Mechanical Engineer 45 (533 March, 1965 

202 •some Impressions of the 1965 C.U.M.M. Exhibition." 
D. N. Simpson. Mining Engineer 124 (60) September, 1965,. 

Exhibition by the Council Underground Machinery 
Manufacturers; includes a consideration of ROLF. 

203 "Technical Means of Increasing Productivity in the British 
Coal Industry." Mining Engineer 125 (63) December, 1965. 

204 

205 

Study for the year 1964M by the Institution of Mining 
Engineers Junior Council. Includes a very brief considera­
t1on of ROLF on pl68. 

"Evaluation of Remotely Operated Longwall Face: 1 Shearer-Loader 
Automatic Vertical Steering System." R .. Webb and D. Hartley. 
National Coal Board MRE Report 2292, 1965. 

Describes the evaluation trial. Results and supporting 
theoretical work show that the present automatic control 
system cannot provide satisfactory control of conveyor 
attitude and position over successive cuts. Using the 
knowledge gained, a stable control system can be evolved 
to steer the conveyor as the face advances, taking account 
of conveyor inclination towards the face and of vertical 
position in the seam. ' 

"Recent Developments in Mining Equipment with Particular 
Reference to Automation and Remote Control on the Coal-Face." 
A.· E. Bennett. Journal of Mines, Metals & Fuels, 1965. 
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206 "Coal-face Machinery Developments at Bretby." R.F.Lansdown. 
Mining Engineer 123 (46) July, 1964. 

The section on developments as an aid to automatic 
operation contains a reference to R.O.L.F. 

207 "Further Developments in Remote Control." Colliery Engineer-
ing 41 (480) February, 1964 
-- -- Describes a recently developed system utilizing a thin 

seam remote-hauled shearer for coal_ getting. · 

208 "Installation of ROLF II at Ormonde Colliery," G. Cook. 
Colliery Guardian 209 July, 1964. 

209 "Remote Function and Control of Coalface Operations." 
J. Sheldon et al. Mining Engineer 123 (45) June, 1964. 

Traces the developments in mechanization ideas and 
techniques at the coalface which led to the de·sign and opera­
tion of R.O.L.F. Early results from the operation of R.O.L.F. 
are given and the effects of further improvements, particu­
larly the mechanization of face-end operations are discussed. 

210 "An Automatic Control System for Self-advancing Roof Sup-
ports." E. J. Ferrier. Collier Engineering. August, 1964. 

210a "Developments in Underground Remote Control and Monitoring 
Systems." L.A. Nordmann.· Proceedings of the AMEME, June 1965 
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211 "Coal Mining by Remote Control." Process Control Automation 
10 (8) August, 1963. 

· Account of the ROLF systems at Newstead and Ormonde 
collieries. 

212 "Conventional Machinery Controlled from the Gate: First Step 
to Automation." Steel and Coal. 187 (4956) 12 July 1963. 

· Separate descriptions of the Gullick support system 
at Newstead colliery, and the Dowty system at Ormonde 
colliery. 

213 "Remote Control of Coal Winning and of Advancing Supports 
at the British Mines., Newstead and Ormonde, by F. Spruth. 
Glueckauf 99 (22) 23 October 1963. 

In German 

214 "Remote Control of Coalfaces : Two @uccessful Installations 
in the East Midlands Division. Colliery Guardian 207 .(5333) 
July, 1963. 

Two coalfaces operated by remote control are briefly 
discussed under basic design, coal sensing devices, com-
munications, and power supplies. · 

215 "The Remotely Controlled Longwall Face." A. Bennett. 
Mining Electrical and Mechanical Engineer 44 (514) August, 1963. 

Outlines the basic system evolvedby MRE and details the 
equipment installed at Newstead colliery. 

216 "Remotely Operated Longwall Face." Engineer 216 (5606) 
5 July 1963. 

Describes the operation. 

217 "Re~otely Operated Longwall Faces. Colliery Engineering 40 
(474) August, 1963. 

Newstead and Ormonde colli'eries systems. 

218 "Remotely Operated Longwall Faces." Colliery Guardian 40 
August 1963. 

· A world just for British mining engineers. 

219 "Thin Seam Mining by Remote -Control." Engineering 196 (5073) 
12 July 1963. 

Discusses access to thin seams, equipment, power loading 
and roof supports. 
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NUMBER 

220 

TITLE 

"Mining and Processing Coal." Automation. February, 1961 
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