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Joy Manufacturing Co.'s Flexible Con­
veyor Trai n, shown underground at a 
Laurel Run mine. 

Breaking Bottlenecks at the Face 
With Continuous Haulage 
William D. Mayercheck 

Introduction of continuous mining machines in the late 
19405 created a new production bottleneck in room-and­
pillar sec tions- the shuttle car. \Vhile continuous miners 
could cut and load coal at a nearly constant rate, the min ing 
seque nce was repeatedly interrupted as full y loaded shut­
tle cars changed places with empty ones. This wai t-for­
the-shu ttle de lay period forced the coal industry to reas­
sess the shuttle's b atch-type procedure with an eye toward 
continuous haulage systems that would all ow uninter­
rupted coal flow from face to portal. 

In 1976 a total of 7666 shuttle cars transported most of 
the 168 million tons (l86 million st) of coal cut by 2366 
continuous mining machines. On ly 5.1%, or 8.6 million 
tons (9.5 m illion st ), of this coal was transported from the 
miner to outby haulage via a continuous haulage system.1 

Recent stud ies h ave shown that nearly 25% of the con­
tinuous mine r cycle time is consum ed by delays in the 
hau lage system, usuall y waiting for shuttle cars. Computer 
simulation s of a face operation indicate that up to a 45% 
increase in (:oal p roduction may be realized with a con­
tinuous haulage system , assuming that the outby haulage 
system can handle thi s increased tonnage. 

Co inc ide ntly, some mines using continuous face haul­
age claim a 50% production in crease over shuttle car haul­
age .2 One mine operator has reported section productivity 
of up to 91 tons (100 st) per face per man via continuous 
haulage. 3 These documented production records and 
compute r simulation s, along with common sense, indicate 
the potential of continuous face haulage in room-and-p illar 
coal mining. 

The late 1960s and early 1970s saw several mining 
mac hinery manufacture rs introduce mobile bridge 
carrier/piggyback bridge conveyo r types of continuous 
haulage system s for underglyund coal mines. These sys-

William D. Mayercheck is acting manager of the Mille 
Logistics Division, Pittsburgh Mining Technology Center, 
US Department of Energy. 4800 Forbes Ave .• Pittsburgh. 
Pa. 15213. 
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tems have shown limited potential in some ope rations and 
outstanding success in others . Since it appears that no one 
type of syste m is un iversally applicable to a ll underground 
mining conditions, the US Bureau of Mines in 1975 began 
a long term effort to investigate continuous haulage con­
cepts that would provide operating alternatives in various 
coal mining conditions. Following creation of the Depart­
ment of Energy, this program work was transferred from 
the Bureau to DOE in October 1977. 

Besides the large R&D effort d evoted to hyd raulic 
pipeline tran sport of coal underground, DOE has funded 
num e rous other co ntinuous h au lage projects in both 
room-and-pillar and shortwall mining plan s. This article 
w ill focus on those deve lopments that are most topical or 
have progressed to a hardware stage. 

Continuous Face Haulage Study 

A Study of Continuous Fa ce Haulage Systems report 
was completed under government funding by Joy Man­
ufacturing Co. in December 1975.4 At that time the most 
prom isin g continuous face haulage system s were the 
bridge carrier/p iggyback bridge conveyor, such as Joy's 
F lexible Conveyor T rain, and the flexib le conveyor belt 
system s, such as those manufactured by Serpentix. Hy­
draulic conveyor sys tems had high potential , but on a 
longer term basis. 

Since then, however, othe r sys tem concepts have been 
gene rated by DOE and private indu stry. Such work sup­
ports the study's conclusion that increased use of continu­
ous haulage in underground coal mines is contingent on 
the availability of several types of sys te ms to cover the 
wide range of mining condition s encountered. 

Flexible Conveyor Train 

The roof-mounted Flexib le Conveyor Train (FCT) de­
ve loped by Joy Manufacturing Co. was installed under­
ground with USBM funding at a Laurel Run Mining Co. 
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The Sideloader developed by Joy uses a roof-mounted monorail 
for continuous haulage in seam th icknesses of 1220 mm and 
more . 

mine in April J977. It was patte rned afte r an earlie r version 
that was rubber ti red and maneuvered on the mine bottom. 
Overall length of the FCT is 125 m (410 ft ), plus a 9. 1-m 
(30-ft) bridge conveyor. The inby e nd of the latte r is at­
tat:hed with two chains to the miner tail boom. The FCT is 
suspended fr0111 a 127-111m (5-in .), 4.5-kg (IO-Ib) I-bea111 
monorail which is attat:hed with roof bolts over the pane l 
belt and extended into the entry. The entire FCT is self­
propelled by multiple traction-dr ive un its on the monorail , 
refe rred to as " Illules ." T he outby portion of the FCT, 
which discharges onto a panel belt, requi res an entry 
he ight of 2030 111111 (80 in. ). 

Calculations inclkate that th is roof-moun ted Serpe ntine 
flex ib le be lt can hand le 545 Uh (600 stph ) whil e negotiat­
ing several non-9oo p illar comers at a minim um turn ing 
radius of 9.1 111 (30 ft). 

Conditi ons wo rsened as mi n in g adva nced in th e 
eleventh butt, th ree-entry developme nt section of the 
Laure l Run mi ne. Up to seve ral feet of water on the mine 
bottom and a top weake ned by a local fault zone largely 
pred uded tes tin g the FCT's overall potential. Shutt le car 
haulage under these cond itions, however, would be ex­
tremely d ifficult. 

A monorail gradient of6 1/2% encounte red toward the e nd 
of the underground trial period created tractive probl e.ms 
in moving the s),s tem inby/outby. Average productIOn 
prior to the demonstration with shuttl e cars was 234 I"o ns 
(258 st) per shift. Us in g the FCT, production in the same 
mi ne section averaged 110 tons (122 st) per shift , whi le the 
p rojected FCT results were es timated to be 550 tons (606 
st) per shift. Adverse mining conditions in the fault zone 
area contribu ted largely to the difference in projected shift 
tonnage. The FCT was removed fro m the mine in Novem­
ber 1978. 

System designers concluded that the FCT needs ad­
d itional tes ting to es tab lish an effedive ope rati ng cycle, 
determine Serpentine belt li fe, and evaluate the tractive 
e ffort required.s 

Sideloader 

The Side loader concept deve loped by Joy Manu factur­
ing Co. uses a roof-moun ted monorail for continuous haul­
age in seam thicknesses of 1220 Illm (48 in. ) and more. \Vi th 
USBM fun d in g, Joy is assembling components and will 
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late r tes t the Sideloade r concept in a low coal seam. A 
vers ion of this design was exhibited by joy at the 1976 
AMC Coal Show in Detro it. 

Several des ign modifications have since bee n made to 
thi s unit. Gene ra l specifications include a conveyor length 
of up to ]22 m (400 ft ), conveyor capaci ty of 6.8 tlmin (7.5 st 
per min ), 0.9-m-long (3-ft) conveyor pans, conveyor speed 
of about 122 In/min (400 fpm ), and a mi nimum operati ng 
seam he ight of 1220 mm (48 in.). Multip le traction mules 
will power the Sideloader system on the roof-mounted 
mo norail . 

Shortwall Face Conveyor 

To expedite shortwall mining, a contract was awarded to 
joy Manufacturin g Co. to build and te:o: t an armored face 
conveyor in a shortwall pane l, using some of the proven 
tech nology from longwall minin g. j oy's shortwall face 
conveyor was in stall ed in August 1976 at a 45.7-m-wide 
(l50-ft ) face in the Valley Camp No . 3 mine. After encoun ~ 
te ri ng some adverse seam and top conditions, the face 
conveyor was removed fro m the mi ne in October 1976 fu r 
equ ipment mod ification . 

. MaxiJl1~m shortwal l F:.oduction llsing tI~i s convey.or set a 
mille section record 0 ::>67 tons (625 st) 111 one sh ift , and 
demonstra ted the pote ntial of cont inuo us haulage in 
shortwall min ing. Howeve r, the ave rage shift production 
us ing th is conveyor was about 25% less than that using 
shuttl e car haulage. 

Thi s sys tem utilized a face conveyor-ins tead of the 
conventional spill plate- and a mobil e transfer conveyor 
mounted on roof-hu ng monorail. The face conveyor was 
placed betwee n the chocks and the con tin uous mine r 
alo ng the entire length of the shortwall face. It was CO I1 -

nected to the chocks and advanced by the ram cylin ders in 
the sallle way that a sp ill plate is advanced . 

The 711-mm-wide (28-in.) shortwall face conveyor used 
a Single-strand , a rticulated conveyor chain similar to the 
type on load ing machi nes and continuous mi ners. Chain 
link on hoth the face and the gob sides connected the 
ind iviclual 2590-mm-long (102-in.) pans to proVide the re­
qu ired fl exi bility when the pans we re pushed forward. 
Each pan was con nected to two chocks by the ram cylin­
ders. The face conveyor was powered with a 93-k\~' (125-
hp) dri ve and had a chain speed of about 61 m/m in (200 
fpm ). 

Serpentix 
Serpe ntix-type conveyors now ope rate at more than 600 

non -coal in:, tallations on fi ve cO ll t in e l~ ts transportin g such 
bu lk maten als as q uarry rock, coke, limestone muck, and 

Preliminary surface testing of Jeffrey's MUCH system fo r coa l 
t ransport . 
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The Serpentix conveyor is mounted to the 
mine roof with monorail and pulled by an 
inby surge car. 

sludge cake. T he re have been hundred s ofSerpentix·type 
in stallations in Europe , although these are permane ntly 
floor-m ounted types.s 

Serpentix Conveyor Corp., Joy Ma nufacturing Co. , and 
Peabody Coal Co. introd uced th is type of conveyance into 
underground coalm i ning by in itiall y in stalling one eac~ at 
three of Peabody's mines. The Se rpe ntix is mounted to the 
mine roof with monorail and pull ed b y an inby surge car. It 
be nd s around non-9oo pillar corn e rs w ith a min imum turn­
ing radius of 4.6 Jl1 (15 ft) to carry the coal away as it is cut by 
a continuous mine r. Numerous des ign changes have bee n 
made to optimize the ope ration of the Se rpentix hau lage 
system fo r underground (.'oal mines s in(.'e the fi rst in sta lla­
tion in 1973. 

The Se rpentix " be lt" is (.'o rrugated to permit expan sion 
and (.'ontraction as the vertebrae assembly bends around 
(.'Ul'ves. Acc:ord ian-type steel-re inforced rubbe r pan s-up 
to 1020 mm (40 in .) wid e and 250 ITIm (10 in .) long-are 
bolted together to make an endless fl exible belt that is 
fastened to i:\ te nsioned chain and driven by a sprocke t 
d rive. F rom the outby end of the Serpentix, coal is tran s­
ported via a short cross conveyor be lt. Due to the he ight of 
the feed end and tension station, a ("oal seam m ust be at 
leas t 1880 mm (74 in .) th kk to a llow the Serpentix room to 
operate. 

\Vith DOE fundin g, Peabody Coal is colleding operat­
ing and maintenance data and evaluating the Se rpentix 
conveying system for use as a continuous face haulage 
system in undergrollnd coal mines . Peabody is also COIl ­

ducting <l con<.:ept review of <l <.:ontin uolls hau lage sys tem 
in which the Se rpentix is suspended un derneath chocks in 
a sho rtwall m ining p lan. 7 

MUCH System 

Under;1 DOE contract, Je ffrey Min ing Machine ry Divi­
sion of Dresse r Indu str ies has designed and built a 
multip le-ullit continuous haulage (M UC H) sys te m for <:oal 
transport. An artist's rend ition of the MUC H sys tem in a 
mine sect ion and the fabri<.:ated sys tem during p re l iminary 
surface tes ting ilre shown in the accompanying photo­
graphs. The sys te m is patte rn ed somewhat after the 
Moleveyer which was originally bui lt and tested in the 
early 1950s. 

The MUC H system consis ts of a redesigned train of 
self-powered lead , inte rmed iate , and disd large vehicles. 
Coal cascades fro m the inby to the outby e nd of each 
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veh icle via cha in conveyors. An ope rator in the lead vehi­
cle of the tuin keeps the sys tem behind the continuous 
miner, while a special linkage between the vehicles is 
deSigned to pe rmit the entire train of vehicl es to track after 
one another. 

The MUC H system was built by Jeffrey and fi rst surface 
tes ted in September 1977. Some redesign and surface test­
ing are still necessary to refine the se lf-trackin g ability of 
the vehicles. A mine site is be ing sought to eve ntually test 
th is sys te m unde rgro u nd in e ithe r a co ntinuou s or 
shortwall section. 

Some of the MUC H system speCificat ions incl ude a coal 
carrying capacity of 10.9 t1m in (12 st pe r min); conveyor 
chain speed of85 m/min (280 fpm ); veh icle tram speed of 
24 m/min (80 fpm ); and a system overall height of 1 m (39 
in. ). T he ex istin g 12-unit train is about 76 111 (250 ft) in total 
length and can negotiate a minimulll in side turn radius of 
3.35 In (11 ft ). 

ABCT 

The Auto-Track Bridge Conveyor T rain (ABCT) was d e­
signed under a DOE contract by Foste r-M ill er Associates, 
with Long Airdox as subcontractor for fabrication and Lee 
Engineering as consultant to the proj ect. The first two pairs 
of units bu il t by Long Airdox have undergone pre liminary 
surface testing <It Oak Hi ll , "V. Va. This sys tem features a 
series of special rubber-tired mobil e bridge carrie rs and 
chain bridge conveyors that are gu ided automatically with 
a 5 kHz signal em itti ng cable. T he inby mobil e bridge 
carr ie r lays down a signal e m itting cable, and sensors on 
each carrie r in the train fo ll ow the cable d own e ntries and 
through 900 crosscuts by sen ding appropriate steering sig­
nals to the wheel units. Thus, a train of ABCT un its up to 
152 m (500 ft ) long Illay be a utomatica lly gu ided inby and 
outbv to follow a co ntinuolls mine r. 

TIle sys te m is des igned to carry up to 10.9 timin (12 st pe r 
min ) of coal with <l conveyor cha in speed of91 m/min (300 
fpm ). Mining plan s for the ABeT call for a minimum of 
4.9-m-w ide (l6-ft ) entries on 18.3-111 (60-ft) cente rs, 900 
crosscuts, and 1270 mm (50 in .) c:oal seam he ight. 

Monorail Bridge Conveyor 

The conc:ept of a se rie s of roof-hung monorai l cascad ing 
be lt bridges has been pursued since 1975 by USBM and 
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A three-element set Auto-Track Bridge Conveyor Train (ABCT) undergoes preliminary surface testing at Oak Hill, W.Va. 

now by DOE for application as a continuous haulage sys­
tem in low coal seams. Goodman Equipment Co. was 
awarded a cost-sharing development contract by DOE in 
September 1978 to improve upon the DOE d esign con­
cept, fabricate a prototype system, and ultimate ly testit for 
performance in an underground mine section. Studies 
show that this generic type of monorail-hung haulage sys­
te m has significant production advantages and can be 
cost-e ffective when compared to traditional shuttl e car 
haulage. 

The monorail bridge conveyor (MBC ) concept consists 
of a series of cascading belt c.:onveyors that trave l beneath 
special mine roof-mounted monorai l. Individual be lt con­
veyors are utilized in the design for system rei iabil ity, ease 
of maintenance, and low noise level. A special transfe r 
point design will direct up to 5.4 tfmin (6 st per min) of 
cascading mate rial onto outby belt conveyors to n1inimize 
coal spill age. System suspension from monorail trackage 
will eliminate guidan c.:e and tracking problems associated 
with min e-bottom-type haulage systems. Standard low­
cos t c.:onveyor belting will be employed in the des ign in 
lieu of special be lting that is steel reinforced or of unusual 
cross section. Thi s system should be able to operate in coal 
seam thicknesses of 1220 mm (48 in. ) or more. 

Hopper-Feeder-Spillage Cleaner 

In rece nt years , operational experience with contin uous 
haulage systems has uncovered the need to deve lop a 
proper inte rface between the continuous mining machine 
and any tyre of continuous face haulage. A separate vehi­
cle locatec betwee n the continuous miner and an outby 
c.:o ntinuous haulage sys te m would fulfill thi s need. The 
interface ve hicle could rece ive coal directly from the 
miner, leve l coal surges via a hopper with feeder, feed coal 
from the hoppe r to a breake r, break oversize lu mps, clean 
up coal spillage le ft by the min e r, and provide tractive 
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capability if needed to move the outby continuous haulage 
sys tem. 

If roof-boltin g capability can be added to thi s inte rface 
vehic le, the room-and-pillar mining plan could be 
modified to a reduced place changin g system whe re mine 
roof conditions are favorable . This type of ve hicle concept 
has been comprehensively evaluated by FMC Corp. under 
DOE funding and revealed poten tial coal production in­
creases from 12.7% to 32.4%.8 Economic analys is of the 
concept u sing Pennsylvania State University's UGM HS 
computer simul ator indicated that the machine cos t 
payback period would be less than one year. 

Production Increases With Continuous Haulage 

The accompanying table provides a scenario of possible 
production increases in room-and-pillar continuous coal 

Potential Production Increases 
in Room-and-Pillar Mining 

Mining plan 

Base Case I 
Basic mining cycle and cui sequence using 
shuttle cars. Assume 6.1-m-deep (2O-ft) 
cuts belore place changing. five-entry 
section. two-pass mining plan. 32 cuts 
per mining cyCle. 

Case II 
Using continuous face haulage. Assume 
same cut sequence and mining cycle as lor 
Case I (50% potential increase over Case I). 

Caselli 
Using continuous face haulage in a reduced 
place changing system. e.g .. mining break:­
to-break:. Assume roof-bolting capability 
on continuous miner or outby intarlace 
vehicle. nine cuts per mining cycle (32.4% 
potential incraase over Case II). 

Average 
shift tonnage 

, 

1.5x 

2, 
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Artist's rendition of the monorail bridge 
conveyor concept-a series of cascading 
belt conveyors that travel beneath specia l 
mine roof-mounted monorail. 

mining using specific equipl'hent and/or mining methods. 
Case III suggests that the use of continuous haulage in a 
reduced p lace changing mining plan could almost double 
shift production in -low- to mid-height coa1 mines. The 
impact of continuous haulage in high coal seams appears to 
be less dramatic, since large shuttle cars may operate with 
larger payloads pe r cycle. 

Outlook 

A recent DOE study revealed that 58% of all US under­
ground coal mined in 1976 came from seams measuring 
1520 mm (60 in .) or less in thickness . The tre nd toward 
mining thinner underground coal seams lends itself to the 
use of continuous haulage, since shutt le car haulage in 
these lower seams becomes a less attractive aJternative 
both from a safety and a productivity viewpoint. 

In 1976 about 5.1% of all underground coal cut by con­
tinuous mining machines was transported by some type of 
continuous haulage system. In 1977 sales of continuous 
face haulage systems amounted to $5.5 mill ion.9 These 
figures are like ly to increase markedly in the years ahead 
once coal mine operators appreciate the production and 
safe ty advantages of continuous haulage and are willing to 
adopt slightly different mining plans to accommodate it. 
Although no single system has universal application to 
optimization of coal production at the face, each prove n 
sys tem will have a p lace in the varying conditions that exist 
in underground coal mining. The best continuous haulage 
system selected by present and future mine manage me nt 
wi ll be the one with the Illost advantages and fewest draw­
backs in a mine engineered for its use under the prevai ling 
geological conditions. 0 
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COMMUNICATIONS PROBLEMS 
IN NON-EXPLOSIVE AREAS? 

Every mine property has a number of non-hazardous areas 
where efficient voice communications are needed - but impos+ 
sible due to high ambient noise or other severe conditions. Rugged 
ADCO industrial intercoms provide clear, penetrat ing communica­
tion where other systems are ineffective. 

Units are deSigned to industry specifications: heavy-duty alumi­
num housings are sealed against dust. water and weather for use 
above or underground; all transistorized for operating reliability; 
have individual volume adjustment. Each intercom is a self-con­
tained receiver-amplifier-.transmitter station, enabling a system to 
consist of an almost unlimited number of stations over long dis­
tances. 

Installation simplicity meets the need for total flexibility. Inter­
coms mount anywhere there are plug-in power sources ... connect 
to other units with ordinary 2-wire low voltage cable. 

r:( .. ~ .. , 
r I < "~ , "'; . ..... ' \ . 
\ ; '~. ~ .•. 

• • • -r.;;:-: ... ----,LlCIUI 

~' = ' 
L._"':."-

• 

• • , 
• 

Available In 12 or 24 volt DC 
and 24, 110 or 220 volt AC 
models. For othe r volt. gu 
cont. ct factory. 

ATKINSON 
DYNAMICS 
A Division of 
Guy F. Atkinson Company 
10 West Orange Avenue 
Department ME 
South San Francisco, CA 94080 
Phone: (415) 583-9845 

Circie No. 5 on rite reader sen a card. 
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