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Development of a Mine Rescue
Support Vehicle
by larry d. patts, jeremy rohrbaugh and joseph schall

The underground mining industry and its 

partners work tirelessly to improve mine 

safety and to develop controls that address 

the dangers inherent to working in the dy-

namic underground environment. Nev-

ertheless, the potential for hazards exists 

every day for mine workers, and should 

accidents occur and impair the miner’s 

ability to self-escape, specially trained 

mine rescue teams and support personnel 

respond to these events. These responders 

often place themselves at a high level of 

risk and are required to perform intense 

manual labor in extremely diffi cult and 

unpredictable conditions.

 The highest priority of the mine rescue 

team is determining the location of trapped 

or injured miners and their subsequent res-

cue. Team members often must hand-carry 

injured miners as well as the supplies need-

ed to accomplish the rescue, while also 

wearing heavy, protective self-contained 

breathing apparatus to guard against a 

potentially toxic atmosphere. Additionally, 

post-event mine fl oors often contain de-

bris from rock falls and rib outbursts, the 

roof and rib support may be damaged from 

fi re, fl ooding, or an explosion, and entries 

may be completely blocked. The presence 

of haze or smoke can reduce visibility to 

near zero, and power may need to be re-

moved from the mine post-event, which 

disrupts mine ventilation and allows water 

levels to rise and accumulate until pump-

ing systems are restored.

 With these specialized needs of mine 

rescue teams responding to an emergency 

in mind, the National Institute for Occupa-

tional Safety and Health (NIOSH) contract-

ed with ROHMAC, which manufactures 

mine-duty utility equipment and attach-

ments, including equipment that can be 

operated via remote control, under extreme 

conditions, and in confi ned spaces. As a re-

sult of this contract, along with participa-

tion and substantial input from the mining 

industry and mine rescue community, a 

prototype mine rescue support vehicle (Fig-

ure 1) was successfully developed and test-

ed in rigorous conditions to simulate the 

mining environment. ROHMAC is currently 

in the process of making further improve-

ments to the prototype and will be applying 

for Mine Safety and Health Administration 

(MSHA) approval for permissible use. This 

article details the development of the pro-

totype and describes the additional capa-

bilities that are being integrated into the 

mine rescue support vehicle.

Vehicle Features
Importantly, the key design features for 

the support vehicle grew out of focused 

and repeated discussions with mining 

company safety representatives, mine 

rescue team members, and MSHA mine 

emergency operations personnel. The 

common needs expressed by these groups 

were that the vehicle should be mine-wor-

thy (built to operate reliably in the rugged 

post-event environment), remotely con-

trolled (to allow machine operators to re-

main a safe distance from the machine), 

compact in size (able to navigate the tight 

spaces of a mine), and able to carry and 

operate a variety of tools and implements 

that might be required post-event.

 Functionally, the machine needed to 

also have the ability to move debris and 

haul supplies to increase safety and lessen 

the manual burden of mine rescue team 

members. These features would also im-

prove the speed and effi ciency of the res-

cue response efforts. Representatives also 

requested that the machine include mod-

ern video and communications equipment 

such as a tablet (Figure 2) to provide for-

ward exploration capabilities and record 

the mine environment. Finally, the ma-

chine also needed to have the capability to 

tow a trailer that could serve as a means to 

move supplies, store accessories, and carry 

a stretcher to transport injured miners.Figure 1—Prototype mine rescue support vehicle developed under a NIOSH contract.

Figure 2—Operator using tablet machine 
control to test support vehicle prototype.
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Prototype Testing
Once the prototype vehicle was developed 
through several iterations and design re-
visions, demonstrations and tests were 
conducted at several locations, including 
the Pittsburgh Mining Research Division 
in Bruceton, PA, the National Mine Health 
and Safety Academy near Beckley, WV, the 
West Virginia University (WVU) Academy 
for Mine Training and Energy Technologies 
(Doll’s Run) near Morgantown, WV, and at 
an underground coal mine in the Illinois ba-
sin as part of a mine rescue training exercise.

 The most extensive exercise took place 

at the WVU Doll’s Run location (Figure 

3), where representatives from the mine 

rescue community operated the machine 

under apparatus in a simulated mine 

environment. Theatrical smoke was in-

troduced into the mine entries to deter-

mine the operator’s ability to manage the 

machine controls in a low-visibility envi-

ronment. Two demonstration tests were 

conducted in the simulated smoke envi-

ronment — fi rst with the operator using 

the radio remote control transmitter and 

secondly using the tablet machine con-

trol. After the simulated smoke testing, the 

smoke was evacuated from the mine and 

the trailer was connected to the rescue ma-

chine to test system maneuverability in the 

mine. The machine and trailer were able to 

successfully negotiate turns in this 16-ft-

wide by 7-ft-high multiple entry confi gura-

tion. Upon completion of the trailer towing 

demonstration (Figure 4), the machine was 

operated outside the mine and successful-

ly moved and maneuvered through a de-

bris pile created by mine rescue personnel.

 Demonstration and testing sessions 

were successful, with many mine rescue 

representatives expressing optimism that 

the prototype machine could signifi cant-

ly improve the mine rescue and recovery 

process. Mine rescuers offered positive 

feedback and requested minor changes to 

the machine to improve design and incor-

porate additional features that would en-

hance the machine’s utility.

Prototype Machine and Trailer Design
The prototype machine design was based 

upon the ROHMAC MICROTRAXX product 

line of compact remote-control track load-

ers used in underground mines and con-

fi ned spaces. The machine is track-driven, 

enabling it to traverse diffi cult terrain, has a 

tool carrier that allows for multiple attach-

ments, and is sized to fi t on a standard mine 

elevator (sometimes the only way to access 

the mine) as requested by mine rescuers. 

The power source (a three-cylinder diesel, 

naturally aspirated engine) is one of the 

most compact diesel engines approved by 

MSHA for use in underground mines. It was 

modifi ed to meet permissible approval re-

quirements, including surface and exhaust 

gas temperature controls. The machine em-

ploys water-jacketed components from the 

exhaust manifold to the point where the ex-

haust gases are cooled. Once cooled, the ex-

haust gases are discharged to the rear of the 

machine and mixed with airfl ow from the 

engine cooling fan for dilution. Compressed 

air was chosen to power the air-driven start-

er motor, and to operate the engine safety 

shutdown circuit. Air is commonly used for 

these systems on permissible diesel min-

ing equipment. However, due to concerns 

relating to operation in poor atmospheric 

conditions, an on-board air compressor was 

not included on this machine. Instead, the 

air tank can be recharged by portable tanks, Figure 3—Testing of support vehicle at WVU Doll’s Run Academy.

Figure 4—Prototype machine towing trailer into simulated mine entry.
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cylinders, or compressed air lines when the 

on-board supply becomes depleted.

 The engine control panel contains all 

necessary gauges, override, and stop switch-

es as well as an emergency intake shutdown 

actuator and a manual fi re suppression ac-

tuator. The portable fuel tank holds six gal-

lons and operates the rescue support vehicle 

for four hours. When mine rescuers need to 

refuel the machine, these fuel tanks can be 

changed out using dry quick connect fi ttings, 

making it possible for a rescue team exiting 

their shift to take the fuel tank out to be re-

fi lled, and for the incoming team to bring a 

full tank in for use during their shift. The die-

sel engine drives a variable displacement hy-

draulic pump that powers the machine func-

tions. Hydraulic valves control the right and 

left track motors forward, reverse, and high/

low speed functions, the bucket lift and tilt up 

and down, and the grapple open and close 

functions. A hydraulic power takeoff (PTO) is 

also available to power a winch, drill, saw, or a 

variety of needed hydraulic tool implements.

 When the operator is in visual range 

(i.e., has line-of sight), the machine can be 

operated by radio remote control, which 

uses joysticks and switches to command 

the machine functions. For extended rang-

es, the operator can control the machine by 

way of a remote tablet interface, which in-

cludes machine function control and video. 

The machine is equipped with LED lighting 

and four video cameras to document condi-

tions as it moves throughout the mine. The 

video cameras are housed in a dual enclo-

sure which includes an emitter used to per-

mit video visibility in low-light conditions.

 Based on input from mine rescue teams, 

the trailer design includes these features:

•  A deck height of 22 inches so that fi -

ber optic cable reels for the mine res-

cue communications system can be 

carried and kept within the desired 

height envelope of the trailer.

•  An arm for unspooling the fi ber op-

tic cable.

•  Tire balls in the trailer tires to pre-

vent fl ats.

•  Removable sideboards that convert 

the trailer to a fl atbed, with the side-

boards also functioning as stretchers.

•  A tailgate designed to be laid down, ex-

tending the deck length to eight feet.

•  Hydraulic lines from the front to the 

rear of the trailer so that PTO acces-

sories can be operated without dis-

connecting the trailer.

•  An aluminum body to keep the weight 

down, but with a load capacity of 

1,000 pounds.

Machine Status
Based on the above fi nal specifi cations 

and extensive industry feedback and re-

quests, the mine rescue support vehicle is 

currently being modifi ed by ROHMAC and 

will include the following upgrades:

•  Due to concerns raised about the lim-

ited on-board air supply and restart 

ability, a hydraulic start and safety con-

trol circuit will replace the air systems, 

thus allowing the hydraulic pump to 

recharge the system on-board.

•  Changes to the exhaust treatment 

system are underway to improve op-

erating effi ciency, enhance gradabili-

ty, and extend operating times before 

required service.

•  Components are being relocated to 

save space and improve serviceability.

•  Technology is being added to trans-

mit video data from the machine in 

a format that can be sent to a com-

mand center.

 ROHMAC is currently working through 

the application process for MSHA-permis-

sible approval of the machine. With the 

machine having been designed and built 

to meet the requirements of other permis-

sible machinery used in underground coal 

mines, NIOSH anticipates that the vehicle 

will be available for use in the future.

Disclaimer
The fi ndings and conclusions in this paper 

are those of the authors and do not neces-

sarily represent the offi cial position of the 

National Institute for Occupational Safety 

and Health, Centers for Disease Control 

and Prevention. Mention of any company 

or product does not constitute endorse-

ment by NIOSH.
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Schall is a Health Communications Spe-

cialist with NIOSH. For further informa-

tion on the mine rescue support vehicle, 

contact mining@cdc.gov.
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