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The views and conclusions contained in this document are
those of the authors and should not be interpreted as
necessarily representing the official policies or
recommendations of the Interior Department's Bureau of
Hines or the U. S. Government.
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FOREWARD

This report was prepared by the Society of Automotive Engineers,
Land and Sea Division, Warrendale, Pennsylvania under USBM
Contract number H0308110. The contract was initiated under the
Coal Mine Health and Safety Program. It was administrated under
the technical direction of the Pittsburgh Research Center with Mr.
William J. Wiehagen acting as Technical Project Officer. Mr.
Michael Nowicki was the contract administrator for the Bureau of
Mines. This report is a summary of the work recently completed as
a part of this contract during the period of October 1980 to
November 1990. This report was submitted by the authors on August
15, 1990.
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EXECUTIVE SUMMARY

This report covers the development of proposed Draft SAE
Recommended Practice J13l4 entitled "Human Factors Design
Guidelines for Mobile Underground Mining Equipment". The initial
work began in 1978 with the SAE Off Road Machinery Technical
Committee (ORMTC) - Subcommittee 29, Working Group 3. In late
1980, a research contract was obtained with the Bureau of Mines to
support development of additional data. Human engineering design
criteria were needed to develop operator work stations for
underground mining equipment. Contractors compiled accident
histories for selected equipment types, prepared task and hazard
analyses and defined minimum envelope dimensions. Additional
tasks were to recommend location and actuation of controls, define
minimum visibility envelopes, and describe guidelines for seating
and operator ingress and egress. As of June 1990, a draft of SAE
J13l4 had been proposed, but not approved by the committee.
Revisions to the document are currently underway.
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INTRODUCTION

For many years, the operation of underground m~n~ng

equipment has been characterized as cramped and uncomfortable with
poor visibility. Operators often experience difficulties
identifying and handling machine controls. The lack of consistent
human factors engineering considerations when designing
underground compartments is an important contributor to many
mining injuries.

To address these concerns, the Bureau of Mines contracted
(USBM Contract No. H0308ll0) the Society of Automotive Engineers
(SAE) to develop human engineering guidelines for the design of
operator work stations. Many standards and design guidelines
have been established for above-ground equipment. These
guidelines aid industry in establishing consistent man/machine
interface systems. They provide more consistent placement of
controls within and across machine types and also accommodate a
range of population extremes. Such guidelines do not exist for
underground mining equipment. The unique constraints of
underground mining do not permit the direct translation and use of
existing above ground standards, such as SAE J898, SAE J899 and
SAE Draft J1814.
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BACKGROUND

SAE is a global society of nearly 60,000 members from
diverse engineering fields. The society serves industries that use
and manufacture self propelled vehicles for a variety of
applications. As an independent technical body, SAE promotes and
disseminates technology, standards and engineering practices to
the aerospace, automobile, construction, forestry, agriculture and
mining industries. SAE engineering standards and practices are
consensus documents, written by individual industry experts with
related technical experience. These individuals volunteer their
time and resources as technical committee members developing
engineering standards.

SAE Off-Road Machinery Technical Committee - Subcommittee 29
was established in 1978 to focus on specialized mining machinery.
The subcommittee formed a working group to address human factors
guidelines for mobile underground mining equipment. The initial
work began with the design and placement of shuttle car and roof
drill controls. Several meetings were held within the working
group to prepare an extensive list of data requirements. The
requirements defined and established steering systems, operator
controls, fire suppression systems and operator ingress and
egress. Committee work proceeded and culminated with a draft
Recommended Practice - "Human Factors Guidelines - Roof Drills".
Balloting of this document highlighted the need to develop
fundamental information such as task and accident/injury analyses.
This information could provide a focus for the working group
efforts and a baseline for future development of Recommended
Practices. Insufficient data and the need for additional human
factors expertise prompted the investigation of government funded
research.

On behalf of Subcommittee 29, Working Group 3, SAE submitted
a proposal to the U. S. Bureau of Mines for contract support.
Funds were needed to develop technical information and sustain the
activities of the working group. The preparation of these
guidelines would be accomplished by organizing a Machine Task
Group for each selected machine type. Efforts would include the
compilation of accident histories, preparation of task and hazard
analyses, definition of minimum operator envelope dimensions,
control locations and directions of activation, development of
minimum visibility envelopes and minimum criterion for operator
ingress/egress and seating. Task group leaders were also
identified as key individuals who would lead document preparation
and research activities.
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Ten different m~n~ng machine types were to be reviewed over
the two year program schedule. This would include additional data
support for the draft roof drill and shuttle car documents and
development of human engineering guidelines for continuous miners,
loaders, cutters, face drills, personnel carriers, utility
tractors, locomotives and scoops. The intent of the contract was
to assist development of SAE Recommended Practices and provide a
stronger technical base of human factors information than would be
possible through the voluntary efforts of Subcommittee 29, Working
Group 3.
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PURPOSE

The purpose of this report is to summarize the events toward
development of human factors guidelines for mobile underground
mining equipment. This document provides an overview of the
research and committee activities which preceded the current
efforts. Presently, an Ad Hoc Group to the SAE Human Factor
Technical Committee is developing a consensus standard for the
design of underground operator work stations. Following a brief
synopsis of the consensus process within SAE, other sections of
this report document the research activities used as a basis of
the current draft of SAE Recommended Practice J13l4 entitled
"Human Factors Design Guidelines for Mobile Underground Mining
Equipment".

This report contains several references to other literature
and SAE technical reports. The appendices contain dated
information which may not be accurate in current technology. The
reader should note that such references and information refer to
the data that existed at the time of development. Current
versions of the references may contain different data.
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CONSENSUS STANDARDS

Whenever a Council/Division within SAE authorizes a
committee, subcommittee or working group to initiate, revise or
consider repeal of a technical document, notice of such
authorization is published in the Automotive Engineering and/or
Aerospace Engineering publications. This notice identifies the
subject matter or document for discussion and the committee or
group's next meeting date. When a draft proposal is completed by
the working group, a letter ballot is distributed to group members
and any persons who may be directly and materially affected by the
proposed draft. Responses to letter ballots are either a waive,
an approval or disapproval with comments. The group will strive
for full agreement at all levels of balloting. Where full
agreement cannot be achieved, consensus is established through the
approval of at least three-fourths of the responding committee
members. At least one-half of all members receiving a ballot must
respond without waiving their vote.

Consensus documents initiated and approved by a working
group, are next submitted for subcommittee ballot. Any unresolved
disapprovals from the working group or other affected individuals
will accompany the letter ballot to the subcommittee. Consensus
is also established within the subcommittee and the technical
committee by the same procedures. At any point in the document
approval process (see Figure 1), a document can be referred back
down to the subcommittee or working group level for revision.
This is particularly possible if the sponsoring technical
committee believes that outstanding disapprovals should be given
further consideration.

Approval by the involved technical committee constitutes a
recommendation to the Council/Division to approve the document.
The technical committee chairperson prepares any necessary
information for submission to the Councilor Division. The
rationale for any performance requirements and the committee's
reasons for not accepting any disapproving views are included in
the report. The Councilor Division will then establish a
consensus view of the document. If no disapprovals exist, the
document is prepared for publication. However, documents with
outstanding disapprovals are referred to the Technical Board for
review. Technical documents referred to the Board by a
Council/Division or an individual with a dissenting view, are
either approved or disapproved by letter ballot. Any persons who
wish to oppose the release of a consensus document, may then
appeal the Technical Board's decision. The appeal process allows
any concerned individuals to present their views in a forum
conducted by the Technical Board Chairperson. This forum is held
during the subsequent regularly scheduled meeting of the SAE Board
of Directors. A final decision is then made after review and
discussion with the appealing parties.
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There are several classifications of SAE technical
documents:

SAE Standards: These technical reports are a documentation
of broadly accepted engineering practices or specifications for a
material, product, process, procedure or test method.

SAE Recommended Practices: These reports are documentation
of practice, procedures and technology that are intended as guides
to standard engineering practice. Their content may be of more
general nature, or they may propound data that have not yet gained
broad acceptance. The recommended practice should emphasize the
capabilities and limitations of the information contained therein.
The technical committee preparing such a report may also add an
introductory note stating that the document is intended as a guide
toward standard practice and is subject to change; keeping pace
with experience and technology.

SAE Information Reports: These reports are compilations of
engineering reference data or educational material useful to the
technical community.

SAE Draft Technical Reports: A Draft Technical Report may
be identical to other Technical Reports except that it has not had
consensus approval by the sponsoring Council/Division or the
Technical Board.

SAE Research Reports: These reports will provide technical
and nontechnical information which may support a technical report
or provide information on state of the art technology. Examples
include rationale reports, results of round robin or field
testing, or compilations of industry research results. These
reports have a maximum life of 5 years and cannot be revised or
reaffirmed.

Within the context of this research effort, the goal of the
subject contract was to utilize the consensus process to develop a
Recommended Practice with supporting information that may
eventually be accepted as an SAE Standard.
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ORDER OF EVENTS

A meeting was held on October 7, 1980 to discuss project
goals, summarize activities under SAE Subcommittee 29 (Working
Group 3), prepare a management plan, discuss commonalities between
the equipment types to be studied, and outline work assignments.
Table 1 summarizes the responsibilities of each of the four
subcontractors. Figure 2 and Figure 3 addresses the respective
project organization and program plan.

Table 1 - Task Group Responsibilities

Project Leader

Bendix Corporation

Canyon Research

McDonald Associates

Woodward Associates

Machine Types

Continuous Miners and Scoops

Roof Drills and Personnel
Carriers

Loaders, Cutting Machines, and
Face Drills

Shuttle Cars, Utility Tractors
and Locomotives

A second and third project coordination meeting were held on
November 6, 1980 and March 5, 1981. Several issues were
considered including document formats, common vocabulary, data
sources, seating studies and possible machines that would not meet
the proposed recommended practice.. Project leaders agreed that
all these issues must be clearly defined in the rationale
statement of the draft document.

Following these meetings, each task group began developing a
unique draft set of human factors guidelines for the assigned
machine types. The guidelines were based upon data collected from
varied sources. Appendix 1 offers a sample of the types of data
collected by the Bendix Corporation from the manufacturers of
scoops and continuous miners. The survey instrument was used to
ascertain information on machine job functions, operator and
helper tasks, configuration of controls, and display layouts.
This information was instrumental in compiling a preliminary draft
Recommended Practice for roof drills and a Rationale Statement.

Accident and injury analyses were also performed by the task
groups. For example, Canyon Research Group analyzed 43 fatal and
over 5,000 nonfatal roofbolter accidents that occurred through the
years 1975-1979. Narrative descriptions of over 600 of these
accidents were analyzed manually. Appendix 2 provides an example
of the type of safety analysis using accident and injury data.

14



.....
.

U
1

S
A

E
T

E
C

H
N

IC
A

lB
O

A
R

D

t
S

A
E

C
O

N
-A

G
C

O
U

N
C

IL

t
S

A
E

O
R

M
TC

t
S

A
E

S
U

B
C

O
M

M
IT

TE
E

29
"S

pe
ci

al
iz

ed
M

in
in

g
M

ac
hi

ne
ry

"

t I

S
A

E
R

E
S

E
A

R
C

H
E

X
E

C
U

TI
V

E
B

O
A

R
D

·C
on

tr
ac

ta
dm

in
is

tra
tio

n
·M

ee
tin

g
si

te
/h

os
t

·R
ep

or
tp

re
pa

ra
tio

n!
pu

bl
ic

at
io

n
·B

al
lo

tin
g

·P
ub

lic
at

io
n

of
R

ec
om

m
en

de
d

P
ra

ct
ic

e
·P

ub
lic

at
io

n
of

S
A

E
H

an
db

oo
k

S
A

E
O

R
M

TC
S

U
B

C
O

M
M

IT
TE

E
29

W
O

R
K

IN
G

G
R

O
U

P
3

·O
ve

ra
ll

te
ch

ni
ca

l
ap

pr
oa

ch
·C

on
si

st
en

tg
ui

de
lin

es
to

su
bc

on
tra

ct
or

s
·R

ev
ie

w
/a

pp
ro

va
lo

f
R

ec
om

m
en

de
d

P
ra

ct
ic

e
dr

af
ts

an
d

do
cu

m
en

ta
ry

re
po

rt
dr

af
ts

I

A
D

V
IS

O
R

Y
G

R
O

U
P

M
in

in
g

C
om

pa
ny

R
ep

re
se

nt
at

iv
es

U
S

B
M

R
ep

re
se

nt
at

iv
es

M
S

H
A

R
ep

re
se

nt
at

iv
es

S
A

E
S

C
29

R
ep

re
se

nt
at

iv
es

·R
ev

ie
w

M
ee

tin
gs

·In
du

st
ry

O
ve

rv
ie

w
·M

an
ag

em
en

tv
ie

w
po

in
t

I
B

E
N

D
IX

-D
E

N
V

E
R

·C
on

tin
uo

us
M

in
er

s
·S

co
o

p
s

C
A

N
Y

O
N

R
E

S
E

A
R

C
H

G
R

O
U

P

·R
oo

fD
ril

ls
·P

er
so

nn
el

C
ar

rie
rs

W
O

O
D

W
A

R
D

A
S

S
O

C
IA

TE
S

,
IN

C
.

·S
hu

ttl
e

C
ar

s
·U

til
ity

Tr
ac

to
rs

·L
oc

om
ot

iv
es

M
cD

O
N

A
LD

&
A

S
S

O
C

IA
TE

S
,

IN
C

.

·L
oa

de
rs

·C
ut

tin
g

M
ac

hi
ne

s
·F

ac
e

D
ril

ls

F
IG

U
R

E
2

-
P

R
O

JE
C

T
O

R
G

A
N

IZ
A

T
IO

N



.....
..

0
',

.
.
.
.

-
--

-
-

._
--

-_
._

-"
-"

._
--

_._
-

--
-
~
-
-

_.
.
_
-
-
-
-
-
~

M
O

N
T

H
A

fT
E

R
C

O
N

IR
A

C
T

G
O

-A
H

E
A

D

D
E

S
C

H
lp

li
O

N
I

2
J

4
:'i

6
7

8
9

II
I

II
12

1J
14

15
16

17
18

II)
20

-
--

--
-

-
-

-
--

f
-
-
~
-

-
f
-

-
f
-
-
-
-

-
T

A
S

K
!

P
R

E
P

A
R

A
T

IO
N

O
F

M
A

N
A

G
E

M
E

N
lA

tl
li.

J.
b

!:
;l

!t
l!

(;
A

L
P

L
A

N

P
ro

je
ct

C
o

o
rd

in
a

lio
n

M
ee

tin
g

~

P
ro

je
ct

C
o

o
rd

in
a

lio
n

M
IlP

lin
g

L
(P

ro
po

se
d

T
a

sk
L

e
a

d
e

rs
an

d
O

lh
er

P
ro

je
ct

P
er

so
nn

p.
l)

W
m

\;
in

g
G

ro
u

p
3

M
e

e
lin

g
-

W
ar

re
nd

al
e

V1
S

ub
m

it
M

an
ag

em
en

V
T

ec
hn

ic
al

P
la

n
10

G
fl

'O
t.

(O
ra

lR
e

p
o

rt
a

lB
ru

ce
lo

n,
P

A
l

M
.sK

II
IM

P
L

E
M

E
N

T
A

T
IO

N

t1
A

w
ar

d
S

ub
co

nt
ra

cl
10

T
as

k
Le

ad
er

s

T
as

k
Le

ad
er

s
P

re
pa

re
D

ra
ll

R
ec

om
m

en
de

d
P

ra
cl

ic
es

S
ub

m
it

D
ra

ll
R

e
co

m
m

e
n

d
e

d
P

ra
cl

ic
es

10
W

_M
al

op
ol

l/J
_

D
a

h
le

l
~

T
as

k
Le

ad
er

s
P

re
pa

re
R

e
vi

si
o

n
s

01
R

ec
om

m
en

de
d

P
ra

ct
ic

es

S
ub

m
it

R
ev

is
ed

R
e

co
m

m
e

n
d

e
d

P
ra

cl
ic

es
10

M
ac

hi
ne

T
as

k
G

ro
u

p
fo

r
R

ev
ie

w
an

d
C

o
m

m
e

n
t

I-
--

T
as

k
Le

ad
er

s
P

re
pa

re
R

a
lio

n
a

le
S

la
te

m
en

ts
I-

--

S
ub

m
il

C
on

ce
ns

us
O

r,,
11

R
ec

om
m

on
de

d
P

ra
ct

ic
es

To
W

or
ki

ng
c=

=
G

ro
u

p
3

lo
r

B
al

lo
tin

g

S
ub

m
il

D
ra

ll
R

oc
O

IlI
In

pn
de

d
P

ra
cl

ir.
os

10
S

C
:'

9
1m

B
al

lo
tin

g
~

S
ub

m
il

D
ra

ll
R

e
co

m
m

e
n

d
e

d
P

ra
ct

ic
es

to
O

R
M

IC
lo

r
B

a
llo

lin
g

~

T
as

k
Le

ad
er

s
P

re
pa

re
D

o
cu

m
e

n
ta

ry
R

ep
or

t
an

d
S

ub
m

it

P
re

p
a

ra
lio

n
01

F
in

al
R

e
p

o
rt

an
d

E
xe

cu
liv

e
S

um
m

ar
y

f-
-
-
-
.-

-
S

u
b

m
ill

a
!0

1
fi

n
a

l
R

ep
or

t
a

n
d

E
xe

cu
tiv

e
S

um
m

ar
y

11
\

U
S

B
M

R
e

vi
e

w
/A

p
p

ro
va

l
- -

P
uh

lis
h

fi
n

a
l

R
ep

m
t

an
d

E
xe

cu
tiv

A
S

um
m

ar
y

-
. --

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-_
._

--
--

--
--

--
.--

--
..
-

_
._

--
--

--
--

--
-_

..
--

-
--

-
.-

_.
..

.--
-..

--
-

--
..

_
-

---

II
C

;1
11

(1
':
,-

I'
H

O
II

T
T

S
(

'I
11

m
II

1.1
.:



Project leaders solicited manufacturer and MSHA (Mine Safety
and Health Administration) input to the draft documents. McDonald
and Associates contacted a number of manufacturers to solicit
their comments and inputs. Companies were selected from a MSHA
list of manufacturers, the Coal Age Buyers' Guide and the Thomas
Register. From this list, an advisory panel was formed for
reviewing all work and drafts developed under the project. The
panel, which consisted of those described in Appendix 3, reviewed
the draft documents for loaders, cutters and face drills. Another
example of the type of input received from the manufacturers is
illustrated in Table 2. Canyon Research Group sought to classify
controls as either primary or secondary based upon their task
analyses and interviews with machine users and designers. These
types of data and information were included in the Rationale
Documents submitted by each of the Project Leaders.

Table 2 - suggested classification of primary and secondary controls

Control Class Designation Agree Disagree

MSHA Manuf. MSHA Manuf.
Tramming controls:

Left tram - primary 14 5
Right tram - primary 14 5
Steering - primary 14 5
Speed - primary 14 4 1
Inch tramming - primary 14 3 2
Cable reel - secondary 14 5
Director valve - secondary 14 5
Parking brake - secondary 14 5
Service brake - secondary 14 5

Setting controls:
Stab jack - primary 14 5
TRS lift - primary 14 5
Canopy - primary 12 3 2 2
TRS sump - primary 10 5 3
TRS tilt - secondary 10 4 3 1

Drilling controls:
Drill rotate - primary 14 5
Boom (mast) lift - primary 14 5
Drill guide

(centralizer) - primary 14 4 1
Auger clamp - primary 14 4
Drill speed - secondary 12 3 2 2
Impactor - secondary 12 4 1 1
Bolt torque - secondary 6 2 7 3

Repositioning controls:
800m swing - primary 12 5
Boom sump - primary 12 5
boom tilt - secondary 10 4 2 1

Electrical:
Panic bar - primary 13 5
Pump start/stop - secondary 12 5 1
Lighting - secondary 13 5
Main power - secondary 13 5
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As work progressed, a meeting was held on January 21, 1982
with all projects leaders in attendance. This meeting provided a
basis to review the work of the four task groups and plan for the
balloting of the Recommended Practices through the working group.
By the following year, draft SAE Recommended Practices for eight
of the ten machine types were developed and balloted. Appendices
4, 5, and 6 illustrate the balloted documents for continuous
miners, shuttle cars and roof drills respectively. Table 3
provides a summary of the ballot results.

Table 3 -Summary of Balloted Documents

DOCUMENT BALLOTED RESULTS

Approve Disapprove Waive

J1296, Shuttle Cars 9/9/82 10 2 2

J2l38, Roof Dri11s* 11/18/82 8 4 1

J142l, Continuous Miners 9/28/82 6 4 3.

J1425, Loaders 10/20/82 4 1 4

J1426, Cutters 10/20/82 4 1 4

J1427, Face Drills 10/20/82 5 1 3

J1429, Personnel Carriers 11/18/82 8 1 2

J1439, Scoops and Ramcars 2/22/83 0 0 0

JXXXX, Utility Tractors Not balloted

JXXXX, Locomotives Not balloted

*this document number was formerly J1314 and was changed to avoid confusion with the
combined document.

Due to the size of each of the eight individual documents,
it was proposed to consolidate the guidelines into a single design
guideline. A subcontract was awarded to the Essex Corporation to;
(1) review incomplete draft guidelines/supporting materials and
attempt to complete them with the materials/data available, and
(2) consolidate existing guidelines into a single document and
draft a Recommended Practice for submission to SAE. The draft
Recommended Practice (J13l4) is contained in Appendix 7. This
combined document was completed by Essex in October of 1984 and
balloted through SAE Subcommittee 29 - Working Group 3 in
December, 1984. The results of the balloting indicated three (3)
Approvals, six (6) Disapprovals, and six (6) No Replies. The
general consensus was that the document needed additional
refinement, was too lengthy, and should be more performance
oriented.

18



An Ad Hoc Group to the SAE Human Factor Technical Committee
- SCl was then formed to address the needed revisions. The task
force met for the first time in August of 1985. The group
questioned whether such a document was still needed in industry,
and if so, how to organize the task force to address specific
issues. Several mining standards were available, however, they
primarily addressed surface mines. The task force agreed that
human engineering guidelines for underground operator compartments
were still needed in industry. Initial work assignments focused
on anthropometric data, operator enclosure sections, control reach
for varying positions and seating. Several subsequent meetings
were held and are outlined in Table 4.

Table 4 Ad Hoc Group - Meeting Schedule

MEETING DATE

March 5, 1986
April 28, 1987
September 17, 1987
October 7, 1988
February 1, 1990

LOCATION

Bruceton, Pennsylvania
Pittsburgh, Pennsylvania
Milwaukee, Wisconsin
Warrendale, Pennsylvania
Pittsburgh, Pennsylvania

During these meetings, the group addressed several issues on
technical content. The group chose to delete certain
anthropometric data that could also be found in SAE J898; 'Control
Locations for Off-Road Work Machines'. Other anthropometric data
was still needed, however, for prone and crawling positions. A
review of SAE Draft J18l4; 'Operator Controls for Off-Road Work
Machines' was also conducted to gather applicable data. After
additional revisions, a schedule was developed with the intention
to complete the document by October of 1988. However, seating
criteria was not completed and caused additional delays in
revising the combined document.
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MINING MACHINE

MANUFACTURER'S DATA FORM

Manufacturer's Name

Address

Telephone Number

Person(s) Contacted and Title

21
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GENERAL CHARACTERISTICS OF DOCUMENTED

MINING MACHINE

Machine Type

Model

General Characteristics

(Attach blueprints, adve~tising, or other pertinent literature, if available)
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MINING MACHINE

STANDARDIZATION* QUESTIONNAIRE

(Check One)
Question Yes No Uncert8Jn

!
Controls

l. Do you think control occurrence should be standardized (i.e., certain
controls should always be provided as standard equipment, while
others are offered as optimal equipment)?

2. Do you think control location should be standardized (i.e., the same
controls should be placed in the same general location or zone from
one machine to another)?

3. Do you think control~ should be standardized (i.e., the same
controls should be placed In the same general location or zone from
one m.achine to another)?

4. Do you think control direction of motion should be standardized (i.e, .
the control should move left to cause the machine or equipment to
move left)?

5. Do you think control actuation should be standardized (i.e., the
control movement should always be proportional to the rate or
distance of tool or vehicle movement or, in other cases, actuation of
a control should only turn some function ON or OFF)?

6. Do you think control labeling should be standardized (i.e., for control
nomenclature and/or direction of motion, etc.)?

7. Do you think control shape should be standardiZed?

8. Do you think control color, should be standardized?

9. Do you think control~ should be Standardized?
10. Do you think control forces should be standardized?

11. Do you think control extent of travel should be standardized?
12. Do you think control layout (i.e., interrelationships) should be stan-

dardized?

* Standardization should generally be understood to refer to a range of design
solutions (i.e., for control location, a control might be located anywhere within a
one foot square zone, but not within another· zone). Information from. this
questionaire will be used to determine which types of standardization measures
should be incorporated into the proposed recommended practice.
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(Check One)
Question Yes No Uncertain

I
!
I

Displays

I
I

13. Do you think display occurrence should be standardized (i.e., certain I
displays should always by provided as standard equipment, wh~le '\
others are offered as optimal equipment)?

Do you think display location should be standardized (i.e., the same
i

14.
displays should be placed in the same general location or zone from
one machine to another)?

15. Do you think display types should be standardized (i.e. the same
displays should be placed in the same general location or zone from
one machine to another)?

16. Do you think display labeling should be standardized (i.e., for control
nomenclature and/or direction of motion, etc.)?

17. Do you think display size should be standardized?

18. Do you think display layout (i.e., interrelationships) should be stand-
ardized?

• Standardization should generally be understood to refer to a range of design
solutions (i.e., for control location, a control m'ight be located anywhere within a
one foot square zone, but not within another zone). Information from this
questionaire will be used to determine which types of standardization measures
should be incorporated into the proposed recommended practice.
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(Check One)
Question Yes No Uncertain

Workspace Layout

19. Do you think operator station layout (l.e. operator position relative to
door or control panels) should be standardized?

20. Should minimum cab dimensions be l"ecommended in the design
guidelines?

21. Do you think emergency. exit points should be standardized?

General Comments

25
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Machine Type: _

MINING MACHINE VISmILITY REQUIREMENTS

1. List in order from most important to least important all areas around the machine or parts
of the machine which you feel from your experience the operator must see from the cab to
conduct sa!e operations. -

1.

2.

3.

4.

5.

2. List all areas around the machine or parts of the machine which you feel should reasonably
be visibility design goals that are not included in the list above.

1.

2.

3.

4.

5.

3. Comments on visibility requirements:
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LIST OF MACHINE CONTROLS, THEIR FUNCTIONS
IMPORTANCE, AND LOCATION

PREPARED BY: _

PHONE NUMBER: _

A. FUNCTIONS AND IMPORTANCE

MACHINE TYPE: _

MODEL: _

Check One

CONTROL FUNCTION CO· 1 10 R I S

1-
I2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

• Legend: CO =Continuously Operated

R =Routine

B. LOCATION

10 =Intermittently Operated

S =Function That Affects Safety

Using the numbers from the list above, plot the location of each control by writing its number in
the appropriate place on each view of the workspace diagram on the next page.
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MINING MACHINE
CONTROL LABELING

PREPARED BY: _

PHONE NUMBER: _

MACHINE TYPE: _

MODEL: _

LABEL CONTROL MEANING REMARKS

I
I

I
I

3-2



MINING MACHINE
CONTROL CODING METHODS

PREPARED BY: _

PHONE NUMBER: _

MACHINE TYPE: _

MODEL: _

CODING METHOD· CONTROL CODED CHARACTERISTICS REMARKS
-

I

,

• Control coding methods in the first column may include:

Shape
Color
Size
Force

Extent of Travel
Location
Direction of Travel
Other (Please Specify)
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SAFEGUARDS AGAINST INADVERTENT
MAClliNECONTROLACTWATION

PREPARED BY: _

PHONE NUMBER: _

MACHINE TYPE: _

MODEL: _

(NOTE: Identify all controls which couId introduce hazards if NOT properly operated.)

CONTROL DESCRIBE MEASURES WHICH COULD BE RECOMMENDED
TO PREVENT INADVERTENT OR CARELESS CONTROL ACTWATION

I

-
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PREPARED BY: _

PHONE NUMBER: _

LIST OF MACHINE DISPLAYS, THEm FUNCTIONS
IMPORTANCE, AND LOCATION

MACHINE TYPE: _

MODEL: _

A FUNCTIONS AND IMPORTANCE.
CM*i 1M

I

NO. DISPLAY FUNCTION . I R S

A. I
B. I
C.

ID.

E.

F.

G.
H.

I. .
J.
K.
L.

M.
N.

O.

P.

Q.
R.

S.

T.

* CM =Continuously Monitored
R =Routine

1M =Intermittently Monitored

S =Presents Information Critical to Safety

B. LOCATION

Using the Letters above to represent the displays, please plot the location of each display by writing
its letter in the appropriate place on each view of the attached workspace diagram.
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MINING MACHINE
DISPLAY LABELING

PREPARED BY: _ MACHINE TYPE: _

PHONE NUMBER: _ MODEL: _

1

L
" I

i
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LABEL DISPLAY MEANING REMARKS I
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Machine Type: _

Model: _

MINING MACHINE SEAT DATA

1. Is there a seat?

2. Is the seat adjustable?

3. If adjustable, provide the following information:

a) Range of fore-aft travel

Travel increment

b) Range of vertical travel

Travel increment

c) Range of seat back inclination (from vertical)

Inclination increment

Yes No

Yes No

in.

in.

in.

in.
o

o

NOW, SET ALL PARTS OF THE SEAT AT THE MIDDLE OF THEIR ADJUSTMENT 'RANGES
AND PROVIDE THE FOLLOWING INFORMATION:

1. Consider the !!!! pan:

a) Seat pan length

b) Seat pan width at narrowest part

c) Height (from fioor to front edge of seat pan)

d) Set pan inclination (from horizontal)

in.

in.

in.
o

2. Is there a seat back?--
If so, please provide the following information

a) Seat back width

b) Seat back length

c) Seat back inclination (from vertical)

3. Are there any !!:!!!. rests?

If so, please provide the following information:

a) Arm rest length

b) Arm rest width

-39

Yes No

Yes No

in.

in.
o

in.

in.



MINING MACHINE SEAT DATA (Concluded)

c) Arm rest height

d) Minimum arm rest separation (measured from inside edges)

e) Arm rest inclination (from horizontal)

f) Are the !!.!!l rests adjustable?

If so, please describe the nature and ranges of the adjustment(s):

Yes No

in.

in.
o

4. Is a seat belt provided?

5. Is a shoulder harness provided?

6. Is a headrest provided?

If so, please provide the following information:
a) Headrest .length

b) Headrest width

c) Is the headrest adjustable?

If so, please describe the nature and range(s) of the adjustment(s):

-- 40

Yes No

Yes No

Yes No

in.

in.

Yes No



PREDICTIVE RELATIONSHIPS FOR ESTABLISHING INTERIOR CAB DIMENSTIONS

In order to explore and define the interrelationships that serve to deter­
mine the necessary dimensions of an operator's cab space, a systematic study
using plastic drawing board manikins was conducted. In this study, three
different percentile manikins (9596 male; 596 male; and 596 female) were
employed. These manikins were designed, patented, and thoroughly documented
for the USAF by Kennedy (1980) and were based on 1985 projections from a large
set of anthropometric dimensions (NASA, 1978). Each manikin was modified for
mining cab design work by adding a mining cap and cap lamp to it. Each manikin
was systematically positioned under various interior cab heights (see Figures 1, 2
and 3) to establish the baseline relationship between cab height and cab length.

During the study, several assumptions were made to assist in placing the
manikins under each selected interior cab height. Since, in many mining design
situations, a canopy is often required, a constant two inches of clearanee
between the operator's cap (or cap lamp) and the canopy underside was
maintained. Previous work by Bendix had suggested that at least two inches of
clearance was desireable in moving machinery with low canopies. For baseline
purposes, the seat pitch was fixed at 100 and the seat pan length was fixed at 16
inches. The seat reference point was placed at 1 inch above ~e cab floor. The
angle between the manikin's foot and lower leg was fixed at 95 (the midpoint of
the generally recommended range of 900 to 100 - see Morgan, et al., 1963).
Finally, for purposes of standardization, the manikin's head was kept in contact
with the rear wall of the cab in all cab layout configurations•

.The baseline relationship for predicting interior cab length from interior
cab height was found to be quadratic in form for all three percentile manikins.
A quadratic regression equation was fitted to each manikin's data points -the
resulting degree of fit being extremely high (refer to the next section for the
actual equations). Figure 4 presents the predictive equation lines for the 596
female, 596 male, and 9596 male in bold face. The prediction lines shown for
other percentile operators .were derived by interpolation using the standard
normal distribution. This figure should prove useful in helping designers establish'
the cab length. necessary for a given range of operators. One would enter the
figure with the needed cab height and read the cab length needed off the
appropriate percentile curve. The 9596 male drives the upper limit of cab length.
If a designer is constrained to a given cab length, the figure can be used to
derive the necessary cab height using the 9596 male line as the reference line (if
9596 male is to be accommodated).

Many other factors can work and interact with interior cab height to
determine the necessary cab length. To address these issues, further work was
done using the 9596 manikin. Variables examined were: altering the operator's
knee angle to shorten the needed leg room; altering the operators foot angle to
minimum; and altering the seat pitch itself. Figure 1 shows some of the work
done to address these factors. Figures 5 and 6 show the predictive equation lilles
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(again quadratia in form - refer to the next section) for ahanges in knee angle,
foot angle, and seat pitah, respeatively. The prediation lines were fitted for
several representative interior aab heights. As am be seen in Figure 5, ahanges
in knee angle do not reduae needed gab lenrt}h by any substantial amount until
the knee angle reaahes about 120 - 125. Changes in foot angle gain a
maximum of about 1 inah in aab length reduation, but only for the larger knee
angles. Figure 5 also shows the reoommended optimal knee angle ranges needed
if foot oontrols of various foraes are to be used (see Van Cott & Kinkade, 1972).
For strong forae foot oontrols (over 100 lbs. as would often be true for trammil)g
foot oontrols in mining maahines), a relatively large knee angle (more than 135"")
is needed. As aan be seen in Figure 6, seat pitah ahanges d'b not peatly
influenae needed aab length until the upward pitah reaahes about 20 - 25 •

Figure 7 shows the predictive relationship between knee angle and seat
pitah angle. This relationship is strongly linear as might be expected (see the
next seation for the aatual equations). The optimal knee angle ranges are also
shown in this figure. Thus, this figure aan help one determine what seat pitah
should be used for a given foot oontrol forae and interior aab height.

All of these figures (4 through 7) am be used jointly- to determine the eab
length necessary to acoommodate a given range of operators. These figures are
prediative so the results they yield should be oonsidered as ideal. They will serve
to assist the designer in understanding the interrelationships involved in aab
dimensioning under different types of oonstraints and in establishing design
ariteria and goals.

It should be noted that all possible driving factors in cab space dimension­
ing have not been addressed here. For example, if a headrest is provided for the
operator, the additional space for the headrest must be accounted for by
extending the aab length. Beyond a aertain point (preliminary indications are 10
inches above the floor), raising the seat reference point (SRP) will reduce the
needed aab. length. However, raising the SRP to this level begins to approach a
more normal seating poSture and there are many sources (e.g., Van Cott &
Kinkade, 1972) that address normal seating design parameters. Another factor
not accounted for is the extension in aab length needed if foot pedals are
required. The distance traveled by the pedal during depression as well as the
pedal mechanism dimensions themselves will require that the cab length be
longer than what the figures here would prediat.
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QUESTIONS ABOUT THE FIGURES IN THIS SECTION

1. Are Figures 4, 5, 6 and 7 useful in helping you understand some of the
human factors that determine cab dimensions?

2. Which figures should or should not be included in the guideline? Why?

3. How might you use these figures to design a cab? Give examples.
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PREDICTIVE EQUATIONS FOR WORKSPACE CRITERIA

Nomenclature

ICL = Interior Cab Length from back wall {inches}
ICH - Interior Cab Height from floor to canopy (inches)
KA = Knee Angle (degrees)
SP = Seat Pitch (degrees)
A = Predicted value
FA - Foot Angle (degrees)

Assumptions

2 inch cap clearance
Seat reference point 1 inch ,pove floor
Seat pan pitch is initially 10
seat pan length is fixed at 18 inches
Angle between foot and lower leg (foot angle) is 950

Operator's head always contacts cab rear wall
Operator range' is 9596 male through 596 female

~ustments to Equations Based on Assumptions

Alter seat pitch angle (corresponding Imee angle change also occurs ­
See Figure 7)
Alter permissible cap clearance (this will change the eftective
interior cab height)
Elevate' 1m.. to de<:rease Imee angle (defined as the angle between
the hip-knee and lmee-snk1e Unks)
Elevate or lower seat reference.point
Alter foot angle

Predicti§ Cab Length from Cab Height Within Assumptions

a) 9596 Male: teL =50.2953 + 2.3584 (iCH) - .0539 <ICH2)

,2 =.998, n =12
b) 596 Male: (ex. =41.0852 + 2.7222 (ICH) - .0874 (ICH2)

,2 =.999, n ~ 12
0) 596 Female: (ex. =26.4472 + 3.6751 (ICH) - .0968 <ICH2)

R2 = .998, n =12

(Other curves defined by interpolation using normal distribution)

51



Adjusting Cab Length for Changes in Knee Angle and Foot Angle ([or Selected
Cab Heights)

Cab Foot
Equation Iii2; tilHeight Angle

42" 95° teL =16.5321 + .4715 (KA) - .00151 (KA2) [:997; aJ

90° I8L =14.6962 =.4911 (KA) - .00157 (KA2) C999; aJ

40" 95° leL = 23.4074 + .444 (KA) - .00142 (KA~) e998; aJ

90° tCL =23.1782 + .4398 (KA) - .00141 (KA2) [.998; aj

38" 95° ICL =28.2841 + .4351 (KA) - .00137 (KA2) C999; 7J'

90° teL =28.8751 + .4187 (KA) - .00133 (KA2) C999; 7J

34" 95° tCL - 32.5997 + .4494 (KA) - .00143 (ItA2) C999; 7J

90° teL - 33.2327 + .4342 (KA) - .00140 (KA2) C999; 7J

30" 95° teL - 37.1178 + .444 (KA) - .00141 (ItA2) C999; 7J

90° lat - 37.4576 + .4314 (KA) - .00139 (ItA2) C999; 7J

25ft 95° tCL =40.3008 + .4451 UtA) - .00141 (KA2) C999; 7J

900 tCL =41.8131 + .4118 (KA) - .00130 (KA2) C999; 7J

Van Cott and Kinkade (1972) recommend various optimal ranges' ot knee angles '
for situations where toot pedals are used and the toot control torces are within
certain ranges:

Por toot control farces between .2. and .2! lbs, the optimal knee angle

recommended is between 1050 and 110°.- -
Por foot control farces between 50 and 100 bI, the optimal knee- -
angle recommended is between 1200 and 1350

•

Par foot control forces over 100 lbs, the optimal knee angle reeom­

mended is between 1350 and 15So.

~l1( Cab Length tor Changes in Seat Pitch (for Selected Cab Lengths)

a) Por 42" Cab: ICL = 52.0376 + .2713 (SP) - .01036 (SP2)

A R2 = .999; n =6 '
b) Por 40" Cab: leL = 56.8387 + .2519 (SP) - 0.1187 (SP2)

&2 = .998; n =6
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~) For 38" Cab: xCL= 61.3214 + .2595 (SP) - .01095 (SP2)

d) For 34" Cab: reL=
R

2 =.995; n =7 2
66.1763 + .2795 (SP) - .01061 (SP )

e) For 30" Cab: ICL=
&2 =.999; n =7 2

70.1837 + .2666 (SP) - .00939 (SP )

f) For 25" Cab: tCr..=
&

2 =.999; n =7 2
73.3324 + .2848 (SP) - .00946 (SP )

&2 =.999; n =7

Linear Relationship Between Seat Pit~h and Knee AnKle (for Selected Cab
Heights)

a) For 42",Cab: SP= ' 62.8745 - .3400 (KA)

A &2 =.999; n =6
b) For 40" Cab: SP = 65.8763 - .3545 (KA)

A &2 =.999; n =6
~) For 38" Cab: SP = 74.2034 - .3976 (KA)

SP=
&2 = .998; n =7

d) For 3'4" Cab: 75.9026 - .3994 (KA)
2

A R =.998; n =7
e) For 30" Cab: Sp = 82.8477 - .4358 (KA)

SP=
&2 =.999; n =7

f) For 25" Cab: 84.0399 - .4400 (KA)

&2 =.998; n =7

Note that the optimallmee angle ranges for various ranges of foot control forees
can be applied to these equations also to define a usable seat pitch.
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QUESTIONS ABOUT THE FORMULAS IN THIS SECTION

1. Would it be helpful to know the formulas that give rise to the curves shown
in Figures 4, 5, 6 and 7 when designing a cab?

2. Should formulas and figures both be included in the recommended prac­
tice? Why or why not.?

3. Under what circumstances would you use the formulas?
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2•. SAFETY ANALYSIS OF ROOFBOLTER OPERATION

The objective of the ~afety analysis presented below was to give a
complete picture of the nature of accidents that occur with roofbolters and
to investigate the extent to which accidents are caused by design defi­
ciencies of the roofbolting machine. Several previous studies have been
performed of roofbolting accidents. These are summarized in Helander,
Elliott, and Krohn, (1981).

For the present study the following data were analyzed: 1. Computer
analysis of statistics for roofbolter accidents that occurred through the
years 1975-1979. In total, 5,013 accidents were analyzed. 2. Roofbolter
fatality reports for the years 1975-1979; there were 43 fatalities.
3. Narrativ~ accident descriptions of 80Y roofbolter accidents which
accurred from January-September, 1979; 600 of these were analyzed
manually.

l.l Computer Analysis of 5,013 Accidents

The computer analysis researched the MSHA Health and Safety Analysis
Center (HSAC) computer files for accidents involving roofbolter machines.
The accident data was then sorted with respect to body injury, manufacturer
of roofbolting machine, job category, objects inflicting injuries, worker
activity at the time of the accident, and the workers job experience in
years. ~ full account of the results is given in Helander, Conway,
Elliott, and Curtin (1980).

The analysis produced data that seemed incomplete or inaccurate. For
example, the most frequent worker activity during accidents was tramming
with 30.6~ of the lnJuries. This result is clearly at odds with the manual
(and more accurate) analysis performed by Adkins and Hargraves (1977), who
reported 1U~. One reason is that safety personnel (in mines and at MSHA)
have difficulties reporting subtask activities. This kind of information
is certainly more difficult to code than other "matter-of-fact- information
such as body part injured and experience at the task. (Often, no subtask is
reported at all.) It was therefore decided not to rely on the computer
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analysis of worker activity but to obtain the information through a manual
analysis of the narrative descriptions of the accidents. see 2.3.

2.2 Analysis of Roofbolter Fatalities

HSAC fatality reports are 8 page documents. Since they contain very
~_detailed information. they were considered important to analyze.

During the years 1975-1977. 43 fatalities occurred. The reports were
analyzed in order to classify the immediate causes of accidents. The
results are shown in Table 2.

Most fatalities occurred as a result of roof and rib falls. These
accidentS are fairly easy to analyze since. in most cases. there was one
primary cause; for example. negligance to install adequate temporary roof
support or failure to work under protected roof. The machine related
fatalities. however. are more difficult to analyze since the reports rarely
provide human factors type information. such as if the operator was
confusing controls on the machine or whether the operator had adequate
training.

It has often been pointed out that in~xperienced workers have more
accidents than those with experience (e.g. Theodore Barry and Associates.
1971). Tdble J snows the amount of roofbolting experience at the time of
the accidents. Both the accident reports obtained from the computerized
HS~C analysis and the fatalities were evaluated. In order to assess the
relative risks of accidents as a functional job experience. Adkins and
Hargreaves (1977) estimate of operator job experience was used. Although
the sample is small (lU7 workers). it is the most accuratt:! available and
was therefore used for calculations of accident involvement as a function
of job experience.

AS can be seen from Table ~. roofbolter operators with one year of
experience or less constituted 19~ of the population and incurred 55% of
tht:! accidents. The relative rfsk of accident can be calculated: 55/19::
'.~9. In contrast. roofbolter operators with more than 10 years of
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Table 2. Analysis of roof bolter operator fatalities (1976-1979).

Cause of Fatalities Number of Fatalities

Roof Fa 11 ·32
Rib Fall 5
Machine Design Deficiencies 4
Collison 1
Blasting 1

TOTAL 43

Table 3. Relative risk for fatalities and injury as
a functi on of roof bol ter operator experi ence.

Roof Bendix
Analysis of 43 Fatalities Analysis of 1212 Injuries

Bolting Sample Percent of Relative Risk Percent of Relative Risk
Experi ence (N=107) Fatalities For Fatality Injuries For Accident

Years Percent (Average=l.OO) (Average=l.OO)
' ..

1 19 42 2.21 55 2.89
2 20 14 0.70 28 0.90
3 14 12 0.86 8 0.71
4 10 5 0.50 5 0.50

5-6 11 9 0.82 6 0.54
6-8 6 5 0.83 3 0.50
9-10 6 5 0.83 3 0.50

More than 10 14 9 0.64 3 0.21



experience hdve a relative accident risk of 0.21. Similar results were
obtained for fatalities. During the first year on the job, the relative
risk was 2.21. After one year of experience the relative risk dropped to
0.70 and remained stable regardless of increasing experience. It is

tempting to speculate that .70 represents a fairly constant level of risk

imposed by the mining environment (e.g. machine design, work methods, and

the amount of calculated risk that experienced miners accept). Similarly,
the increased risk of fatalities and injuries for miners with less than one
year of experience can be explained by their lack of familiarity of the

system, including what kind of behavior constitutes a "reasonable" amount

of risk taking.

L.j Manual Analysis of bOO Roofbolter Accidents

Computer printouts of narrative accident descriptions were obtained
from HSAC for the time period January-September 1979. These reports
typicai~J contain a 20-30 word description of the accident. In all, there

were 809 accident reports; several were incomplete so only 600 were
analyzed. An example of the type of information contained is:

"'rJhile roofbolting, the employee pressed the wrong lever,

causing bolter to catch left index finger between roof and
bolt~r, severely ldcerating left index finger."

In addition. information is also given with respect to model of
roofbolt~r, job experience, days away from work, etc.

The 6UU accidents w~re analyzed ;n terms of worker activity, suggested
cause of accident, machine part involved, and body part injured. The

analysis was performed to obtain an overall assessment of the characteris­

tics of the roofbolting accidents. Specifically, information on machine
part involved and body injury were sorted with respect to workers subtask.
This task oriented approach was considered to have several advantages: 1.
It is a logical point of departure for a human factors analysis. The
majority of accidents are considered to be "caused" by human errors. It is
tlh:rt:fore essential to know what the operator was doing (right or wrong) at
the time of the accident. 2. It has instructional value since results
be used for training hazard recognition.

59



Tabl~ 4 shows worker activity at the time of the accident, and

Table 5, the suggested cause of the accident.

From Table 4, it can be seen that the most hazardous work activities
were drilling, tramming, and inserting bolts. In 14.l~ of the accidents,
"roofbolting" was reported; since no subtask was suggested, these accidents

were not further analyzed.

Table 5 shows that rock fall accounts for close to 25~ of the number
of accidents. This can be compared to the fatalities where rock fall was
by far the dominating cause. The next most frequent category was "struck

by machin~ part", which accounted for 17~ This category included most of

the drill steel accidents. Unintentional control activation was mentioned

for 5.j% of the accidents. This number is probably an under estimation

(compar~ Miller and McLellan, 1975), partly due to the fact that the MSHA

acciaent reporting system does not systematically collect information
conCt; rn illy man -mach i ne des i gn prob1ems. Severa1 of the suggested causes
might indicated machine design deficiences such as "caught" and
"pinch-point" (8.l:$%); "activating a machine part, resulting in injury to
fellow operator" (4.7~); and "caught on or beneath the machine" (11'1.).

Some of these accidents may be eliminated by design improvements.

Finally, the machine parts involved were analyzed. The drill steel
WdS involved in 12.5~ of the accident, the boom in lU.2~ and the body frame

in 9.4~.

The information in Table 6 suggests that there are several hazardous
components on roofbolters. indeed, even design items installed for safety,
such as canopies, ATRS systems, drill guides, and dust bOXeS, were involved
in almost as many accidents as the drill steel. It must be recognized that
th~re are several hazardous components on roofbolters and attempts to make

the operation safer by installing safety devices might induce substitution

accidents. Obviously, there are trade-off implications in most design

modifications. Th~ relatively low percentage of drill steel accidents does
not support the commonly held belief that everything can be solved simply
by implementing hands-off drilling.



Table 4. Worker activities at the time of the accident.
(January-September 1979)

Activities

Drilling hoie

Tramming

Roof boiting used as a general descriptor

inserting bolt

Manually moving equipment

~alking or standing beside machine

Lowering boom, canopy, TRS, or stabjack

Removing drill steel

Positioning boom or canopy

Performing maintenance

Raising boom or canopy

Assembi ing bolt

Setting or adjusting parts

Loading supplies

Other smaller categories

Unknown activities

Total

Number of Percent of
Injuries Total

106 17.7
85 14.1
85 14.1

79 13.2

34 5.7
24 4.0

24 4.0

24 4.0

19 3.2

16 2.8

8 1.3

6 1.0
6 1.0

5 0.8

29 4.8

50 8.3

600 100.0%



Table 5. Suggested cause of accident (January-September 1979).

Number of Percent of
Type cf Accident Injuries Total

Rock fa 11 on operator 148 24.7

Struck by machine part 101 16.8

Caught on or benea th the machine 66 11. 0
Caught in pinch point 53 8.8
Unintentional control activation 32 5.3
Pinched between rib and machine 28 4.7
Activating a machine part resulting in 1nJury

to fellow operator 28 4.7
One ODen tor trams into another opera tor 20 3.3
Lifting or pulling objects 19 3.2
Struck by flying object 16 2.6
Operator strikes roof 12 2.0
Rib caVE on operator 10 1.7
Slip and fa 11 while using the machine 7 1.2
RUDtured hydraulics 4 0.7
Other smaller categories of type of accident 36 6.0
Unknm... n 20 3.3

Tota 1 I 600 100.OZ
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Table 6. Object involved in the accident.
(January-September 1979)

Number of Percent of
Objects Injuries Total

Drill steel 75 12.5
Boom 61 10.2

Body frame 56 9.4
I Canopy, drill station 33 5.5I
I

I
Roof bolt 23

I
3.8

Dri 11 pot 22 3.7
i Wrench 10 3.2I ."'
i
I Temporary jacks 17 2.8I
i,

Power cable 16 2.71

i Canopy, tram station 15 2.5
I

1 Roof bolt plate or wood block 15 2.5
I Wheeis 10 1.7I
I Drill clamp or guide 10 1.6I
I TRS 0 1.5...
,
I Forward drill controls 8 1.3I
I

I Tram controis 8 1.3
I

! Stabjack ; 6 1.0

I Parts tray 4 0.7
Riding board 3 0.5

Dust box 3 0.5

I Less frequently involved objects 59 9.8

No machine pc. rts, such as, rock fa 11 s (N= 106)
and rib caves (N=10) 128 21. 3,

Tota 1 600 100.0~
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For the three most frequent worker activities, the "suggested cause II

of accident, machine part involved, and body part injured were cross
tabulated, see Table 7. This table, then, provides an overall picture of
the complex causes of roofbolting accidents.

Th~re are clear differences in accident causes for the three major

subtasks; different parts of the macnine are involved and different parts
of the body are injured. Under such circumstances, it seems ill-advised
that accident prevention measures by MSHA and mine operators should
concentrate on two issues (roof fall and drill steel accidents). The cross

tabulation in Table 7 suggests that a systematic approach to roofbolter

accidents must be taken and investments in accident prevention should

address all the different parts of the system. Cost-benefit ratings should
then be established for variouS countermeasures. There are likely to be

many solutions to the different hazards; criticality and cost should be
considered before one is chosen.
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Table 7. Accident analysis of most hazardous roof bolting
tasks. Analysis of 600 accidents - 1979

iasl:. Acc; dent Proofi1e

Ori 11 i no Suggested cause ~~ch;ne Part Involved Part of Body
106 accidents in the Accident Injured
17.7: of
sample (Percent) (Percen: ) (Percent)

Struck by machine Orn 1 Heel 46: Fi ngeM 2S:
Part :n: Canopy (drill Ann IS:
Rockfa 11 22: s ta ti on S:: Hand 12:
Ciught on or Ori 11 pct S: Wrist 9:
benea t.h :lachine 11: Dody frame 4::

Shoulder 5:
Pinch point 9: Wrench 3:
Less frequent

~ul ti ple 5:
Less frequent

ca tegories 21:: categori es 37: Head 4:
Eye 4:
Less Frequent IS:

in::r.linc SU9gested uuse MaChine Part Invoived Pa rt of Bcdy
E~ acci~ents in the Accident Injured
1~.1: of
Str.:;:lle (Percent) (PHcent) (Percent)

Pinc:hed aga inst rib 2c" Dody frame Foot ZZ:...
Caught on or (genera' ) 36: Fingers 13:
benea t.h r,a ch i ne Ie: uncpy (tram I:.nees 10:
Rocl::h 11 H: station) 11:

Doo:Tl 7: eack 7:
Struck by Ankle 7:machine part 12: i ram con troo 15 7:

Unintentiona' i er.J;)ora ry j acks ~:
~u'tiple 6:

centro 1 ac ti vat; on 10: Cancpy (drn 1 Lower leg 6:

Less frequent station) 5:: Hip s:

I
ca tegories 21: Less frequent Less frequent

cHegori es 30: categories 2(:

jnserting bolt SU9gested ta use "'cchine Part Invoived Part of oody
7S Hcidents in the .t.cci dent Injured
13. Z: of
uJ::;:lle (Percent) (Percent) (Percent)

Pinch point 2c" Roef bol t ZZ: F'ingeM 2a:...
Struck by No ..oachine Hand 13::
Il'olchi ne pa rt Z, .. parts ; nvo ived 17:.. Heed 9:
Roc l:: fa 11 19: Roof bo't pla te Foot a::

or wood bloCk Ic O'

taught on or ...
benea th rrolchine 10: Wrench 11: Am 6:

~trucl:: by Canopy (dr; 11 BaCl:: 6:
flying c~jectS CO' station) e: Multiple CO'... ...
Un intent i ona1 Orin pot 5: Wrist 4:
control activation 4: Less frequent Less frequent
Less f~ouent categories 22: cHegories 21:
categories 16::
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A1m MCDonald&' Associates Inc.

988 Woodcock Road· Suite 136· Orlando, Florida· 32803 (305) 896-8539

10 March 1981

Society of Automotive Engineers, Inc.
400 Commonwealth Drive
Warrendale, PA 15096

ATTN: Robert C. Uhl, Staff Engineer
Contract HO 308110

Subj: Quarterly Technical Report No. 1

Dear Mr. Uhl:

This letter is submitted in response to the contractural requirements
for a Quarterly Technical Report, Article II, Item C, and covers the
period from 1 November 1980 to 28 February 1981.

Reporting Period Activities

During the reporting period, McDonald a Associates personnel attended
SAE committee meetings, contacted manufacturers concerning the program,
established an advisory committee, visited an equipment manufacturer, con­
ducted a literature search, developed an initial task analysis, and selected
baseline anthropometric data. Each of these tasks is discussed separately
below.

SAE Committee Meetings

Thus far we have attended three meetings. In the kickoff meeting we
established the scope and schedule of the program. McDonald & Associates
was assigned to work on the cutter, loader and face drill. The second
meeting was with SAE Subcommittee 29 to discuss the program and receive
feedback. The third meeting was to review progress and discuss problems
with other Working Group members.

Contacting Manufacturers

We contacted a number of manufacturers to alert them to our plans and
solicit their comments and inputs. Companies were selected from an MSHA
list of manufacturers. Coal Age Buyers' Guide and Thomas Register. The
letter in Appendix A was sent to the following manufacturers:

Anderson Mavor

ELMAC Corp.

Goodman EqUip. Co.

Joy Mfg. Co.

Paurat GmbH

Victulic Co. of America

Wachs, E. H. Co

Dowty Corp.

ESCO Corp.

Ingersoll-Rand Co.

Mescher Mfg. Co.

Tidewater Supply Co.

Voest-Alpine IntI. Corp.

Westfalia Lunen

c.i



Society of Automotive Engineers, Inc.
Staff Engineer
10 March 1981
Page 2

Atlas Copco MCT AB

FMC Corp.

Schroeder Mining

Torque Tension LTD

Victor Products

British Coal Intll

Clark Equipment Co.

Eickhoff America Corp.

Eimco Mining Machinery

J. H. Fletcher a Co.

Lake Shore Inc.

M.A.N. Division

Myers Whaley Co.

Owens Mfg. Co.

Epling Mfg. Co. Inc.

. Sullivan Trail Mfg. Co.

sas Corp.

Dresser Industries

Mining Development LTD.

Mining Equip. Mfg. Corp.

Turman (G.B.) LTD

AEC Inc.

British Jeffrey Diamond

Curry Mfg. Corp.

Eimco Elkhorn

Fairchild Inc.

Herold Mfg. Inc.

Long-Airdox Const. Co.

Mining Dev. LTD

North Amer. Galis Co.

Dooley Bros.

Royal Machine Works, Inc.

Paul's Repair Shop Inc .

Tread Corp.

Establishing An Advisory Group

After sending out the letters, we telephoned all of the major manu­
facturers of cutters, loaders and face drills to recruit an advisory panel
for reviewing our work before submittal to SAE Subcommittee 29. The
following individuals have agreed to be on our advisory panel:

Prescott Greene Walter Silks
Chief Product Engineer Design Engineer
Joy Manufacturing Co. Goodman Mining Machinery Co.
325 Buffalo Street 4834 South Halsted St.
Franklin, PA 16323 Chicago, Illinois 60609

William Cobb Butch Riffe
Schroeder Brothers Corp. Design Engineer
Nichols Ave. Long-Airdox Company
Box 72 P.O. Box 331
McKees Rocks, PA 15136 Oak Hill, WV 25901

Willard J. Sickles II
Design Engineer
Acker Drill Co. Inc.
P.O. Box 830
Scranton, PA 18501
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~ MCDonald&' Associates Inc.

999 Woodcock Road • Suite 103 • Orlando, Florida • 32803 (305) 896·8539
14 November 1980

RE: SAB Recomm.mded Practices Or Mining Squipment

Dear Sir:

The Society of Automotive EngLleers is .::urrently developing rec­

ommended practices for the design OF operator stations on self-propelled

undergro:lnd coal ;Dining equipment. Responsibility for development of

the recommended practices has been assigned to ORMTC Subcommittee 29.

Working Group 3 on Human Factors.

I ha ve responsibility for develoning draft recommendations on Face

Drills, Undercutters, and Loaders used in conventional underground

coal mining. Your company is listec in the Coal Age Buyer's Guide

under one of these three headings. If you have an interest in the devel­

opment of these recommended practices. please contact me as soon as

possible. If I havs already contacted someone in your engineering staff

by telephone, please disregard this latter.

Retipectfully yours,

L. Bruce McDonald, Ph.D.
President

LBM/cw

cc: Bill Holopoff
John Dahle
Bob Uhl
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OPERATOR'S COMPARTMENTS FOR UNDERGROUND CONTINUOUS MINERS

SAE Recom mended Practice

1. PURPOSE

This SAE Recommended Practice has been developed by the Bendix

Corporation for Working Group 3 of Subcommittee 29 of the Off-Road Machinery

Technical Committee under funding provided by the U.s. Blreau of Mines

Contract No. H0308110 titled ''Development of SAE Guidelines for Underground

Operator Compartments". The objective of this contract was to develop

recommended practices applicable to general performance and design specifica­

tions related to the human engineering needs of operator stations of ten

different pieces of electrically powered underground coal mining equipment

including: continuous miners, scoops, roof drills, personnel carriers, loaders,

cutting machines, face drills, shuttle cars, utility tractors, and locomotives. The

SAE Recommended Practice forms a portion of this contract effort. It is

intended as a guida toward standard practice but may be subject to frequent

change to keep pace with experience and technical advances.

This recommended practice is a guide to provide human factors design

parameters for electrically powered underground continuous miners so that the

operator workspace on such machinery may be designed to uniformly comply

wi th accepted standard; and practices of the human factors profession.
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2. SCOPE

This recommended practice applies to all electrically powered underground

continuous mining machines having rotating drum cutting heads. Most of the

recommended design practices presented in this document are also applicable to

other types of underground continuous miners and may be applied to provide

compatability between machine types. This recommended practice includes

guidelines for:

•
•
•
*
•

control/display selection and location

seat design

visibility requirem ents

operator protection

workstation dimensioning and layout

3. DEFINITIONS

3.1 AnthrOpometric Definitions

3.1.1 Cap Clearance - The space allowance between the top of the miner's

cap and the lower surface of the canopy over his workspace. According to SAE

J833 JanSO this allowance should be at least 2 in. (50 mm) in height. More

allowance may be desirable in machinery that is likely to encounter vertical



vibration such as that generated by movement at relatively high speeds over

rough ground and/or where restraints such as seat belts are not available.

3.1.2 Critical Link - A link dimension upon which elements of a design are

based. The number of cri tical links used to define a particular design should be

limited to three or less because each successive link restriction tends to reduce

the size of the population that could be accommodated by the design.

3.1.3 Eye Reference Point - A point located on the bridge of the nose and

centered between the eyes.

3.1.4 Foot-Lower Leg Angle - The angle between the knee-ankle l.ink and

the plane of the bottom of the foot.

3.1.5 Ftmctional Grip - The link distance from the shoulder pivot point to

the palm of the hand.

3.1.6 Ftmctional Reach - The link distance between the shoulder pivot

point with the shoulder relaxed and the tips of the outstretched fingers.

3.1.7 Ftmctional Reach Extended - The ftmctional reach with the shoulder

pivot extended as tar forward as possible.

3.1.8 Knee Angle - The angle between the knee-ankle link and the hip-knee

link.
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3.1.9 Link Points - Points representing the pivot points of the movable

joints of the body. The distance between link points are the measurements used

to establish design configurations and pivot requirements.

3.1.10 Manikin - A two-dimensional, articulating representation of one

view of a human being of known size (percentile) relati ve to a particular

population. Used on a drawing board as a design aid to establish workspace

dimensions and link points. For the purposes of this document, two side-view

manikins are used: a 5th percentile female manikin having 1st percentile limbs

and a 95th percentile male manikin having 99th percentile limbs.

3.1.11 Maximum Grip - The distance at which an operator can grip and

operate a control with the shoulder and arm extended to its ma;t forward

position.

3.1.12 Maximum Hand and Foot Control Space - An acceptable space

reserved for less frequently operated controls which are not needed quickly in

emergency situations (from SAE J898 APR80).

3.1.13 Minimum Grip - The closest distance at which an operator can grip

and operate a control.

3.1.14 Normal Grip - The distance at which an operator can grip and

operate a control without extending the shoulder.
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3.1.15 Optimal Foot Control Space - The space where foot controls can be

reached most quickly and accurately, and with greatest application of force.

This space is considered most desirable (from SAE J898 APR80).

3.1.16 Optimal Hand Control Space - The space where hand controls can

be reached most quickly and accurately, and with greatest application of force.

This space is considered most desirable (from SAE J898 APR80). The dimen­

sional limits common to both design precentiles and bounded by the areas shown

in Figure 1.

3.1.17 Percentile - A number expressed as a percentage (96) which repre­

sents the percentage of the population that is equal to or smaller than the

dimensions given.

3.1.18 Visual Angle - The angle of a visual target's position relative to a

standard horizontal line of sight.

3.2 Control Definitions

3.2.1 Controls - Any mechanism or device used to affect a machine in

operation.

3.2.2 Control Forces - The amount of force required to actuate a control.
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3.2.3 Primary Controls - The mast frequently used or critical controls for

safety which should be located in the operator's optimal hand or foot control

area.

3.2.4 Secondary Controls - Less frequently used controls which should be

located in the optimal hand or foot control area whenever possible or otherwise

immediately adjacent to this area.

3.2.5 Tertiary Controls - Infrequently used controls that need not be

located in or immediately adjacent to the optimal manual control area.

3.3 Display Definitions

3.3.1 Displays - Any mechanism or device that provides the operator with

information about the status of the machine, its controls, or its parts. May be

visual or auditory.

3.3.2 Primary Displays - Those displays which are mcst frequently used or

which provide critical information related to the safety of the operator or

machine. These displays should be located within 30 degrees of normal line of

sight. Use of these displays should not require excessive movement of the

operator's head or eyes from normal line of sight. (Van Cott and Kinkade, 1972)
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3.3.3 Secondary Display - These are frequently used operational displays.

Use of these displays may require eye movement from the normal line of sight,

but not head movement. (Van Cott and Kinkade, 1972)

3.3.4 Tertiary Displays - These are infrequently used displays such as

console power indicators and maintenance displays. Use of thse displays may

require operator head movement from normal line of sight. (Van Cott and

Kinkade, 1972)

3.4 Workstation Envelope Definitions

3.4.1 Cab - For the purposes of this document, the word "cab" will be .

considered to be synoymous with "workspace".

3.4.2 Cab Floor - The upper surface of the bottom structure of the

operator's workspace.

3.4.3 Canopy - The overhead protective structure covering a mining

machine workspace that shields the occupant from falls of objects from the roof

of the mine.

3.4.4 Interior Workspace Height - The distance between the cab noor and

the lower surface of the canopy.
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3.4.5 Interior Workspace Length - The distance between the inside sur­

faces of the front (foot-most) and rear (head-most) walls or controls defining the

longi tudinal limits of the operator's workspace.

3.4.6 Interior Workspace Width - The distance between the inside surfaces

of the walls, doors, or controls defining the lateral limits of the operator's

workspace.

3.4.7 Seat Backrest - The surface of the seat which supports the operator's

back.

3.4.8 Seat Headrest - The surface of the seat which supports the operator's

head or neck.

3.4. 9 Seat Pan - The nearly horizontal surface of the seat upon which the

operator sits.

3.4.10 Seat Pitch Angle - The angle between the plane of the seat pan and

the plane of the workspace floor.

3.4.11 Seat Reference Point (SRP) - The point where the middle lines of

the seat pan and backrest intersect (undefiected cushion). The approximate

location of the SRP is 4.0 in. (102 mm) to the rear and 2.2 in. (56 mm) lower than

the H-point (adopted from SAE J898 APR80).
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3.4.12 Workspace - The total volume of space used by the operator as he

controls the machine.

4. OPERATOR WORKSTATION GUIDELINES

4.1 Control and Display Recommended Practice - The control and display

Recommended Practice is incorporated into the Workspace Layout Recom­

mended Practice presented in Section 4.5.2. Design of the controls, displays, and

workspace is highly interactive. The choice of components or features in one

area significantly affects the choices in every other area. It is therefore

recommended that layout of the workspace be planned as a unit following the

guidelines presented in Section 4.5.2.

4.2 Seat Design Recommended Practice

4.2.1 The operator's seat should be constructed in such a way as to

properly support the operator's body and head in any expected operating position

or workspace height. Figure 2 shows the recommended geometry for an

anthropometrically-adjustable mining machine seat suitable for use in interior

workspace heights from 42 inches (fully upright) to less than 26 inches (fully

reclined). Table 1 specifies critical seat characteristics for the recommended

seat shown in the Figure. Positioning of the seat within the operators workspace

is closely related to the recom mended practice presented in Section 4.3

''Visibility Recommended Practice".
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4.2.2 The backrest and seat pan should be shaped anatomically and should

provide adeuqate support to the lower back. A lumbar support should be

provided consisting of a pad 6" to 9" from top to bottom wi th the center of the

forward lumbar curvature 9" to 10" above the compressed seat cushion. Seats in

continuous miners should also offer adequate lateral support (in the form of a

slightly concave seat back) against jerks, heavy swaying, or shocks while

tramming; and the shock absorbing qUalities of the seat should be suitable for

accommodating operators ranging in weight from 104 lbs (5th percentile female)

to 224lbs. (95th percentile male).

4.2.3 Machine having workspaces less than 42 inches high should be

equipped with seats with pans inclining backwards at an angle of at least 150 so

that the operator is restrained from sliding forward as the seat is reclined. Seats

used in higher workspe.ces may have fixed pitches of 100 to 200
• The angle

between the backrest and the seat pan should be adjustable in order to

accommodate the operator throughout the entire range of expected workspace

heights. In the case of low-coal applications, this range should be from 950 to

1650
•

4.2.4 All seat adjustment levers, knobs, or buttons should be within hand's

reach by 5th percentile female and 95th percentile male operators, should not

block ingress or egress, and should not pose impact hazards in the event the

operator is thrown from his seat by unexpected machine motions. All adjustment

operations should be quick and should not require great force or the use of tools.

The adjustments should lock in all positions and should be spring loaded, where

necessary, to assist the operator in moving forward to a more upright position.
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4.2.5 If the seat back reclines more than 300 from vertical it should be

equipped with a headrest that adjusts in both length (4 inches) and angle (1450 to

1800
) relative to the backrest so that operator eye height can be maintained.

The headrest should be at least 12 inches wide and should conform to the

dimensions and configuration shown in Figure 2.

4.3 Visibility Recommended Practice

4.3.1 The continuous miner operator soould have clear and unimpeded

vision of all required visibility locations. These locations are shown schemati­

cally in Figure 3, and are listed and described in Table 2. Additional

recommended visibility locations are included. The cutterhead and tail boom are

in a lowered horizontal profile. Priority designations correspond to criticality of

feedback elements contributing to safe and efficient operation.

4.3.2 The operator should have clear and unimpeded vision of each location

at the designated height. It is recommended that, at each location, the operator

be able to see all heights above the lowest specified height with minimal

interference from machine parts.

4.3.3 Eye reference points for 5th percentile female through 95th percen­

tile male operators should be used in assessing visibility of the locations listed in

Table 2.
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Figure 3. Recommended Visual Attention Locations for Continuous Miner Operation
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Table 2. Recommended Visual Attention Locations for Continuous Miner Operation

Top of machine
part through
entire range of
motion

~lJMBER

1

2

3

4

S

6

7

8

9

AREA

Rearward

Rearward

Rearward

Rearward

Rearward

Cutterhead

Cutterhead

Cutterhead

Tail Boom

PRIORITY

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Secondary

STATUS

Required

Required

Required

Required

Required

Required

Recommended

Required

Required

HEIGHT

Median Machine

Operator Eye

Floor

Operator Eye

Floor

Top of machine
part through
entire range of
motion

Top of machine
part through
entire range of
motion.

;

I
i
I
i

Median machine I
height to highest I
boom position

LOCATION

7.S' external to opposite
side of machine at boom
rear edge

S' external to opposite
side of machine and 5'
behind boom rear edge

Aligned with cab side wide~

machine point at boom rear
edge

S' external to cab side
widest machine point and
S' behind boom rear edge

Aligned with cab side
widest machine point and
10' behind boom rear edge

End of opposite side of
machine part

Midpoint along machine par

End of cab side of machine
part

Boom extended fully outwar
from center line toward
opposite side of machine

10 Tail Boom Secondary Recommended Median machine
height to highest
boom position

Boom extended halfway out­
ward from center line towa
opposit~ side of machine

11 Tail Boom Secondary Required

86

Median machine
height to highest
boom position

Boom straight with the
center line



Table 2. Recommended Visual Attention Locations for Continuous Miner Operation
(Continued)

~UMBER PRIORITY STATUS HEIGHT LOCATION
____-O-' ---L ---L _

12

13

14

15

16

17

18

19

20

21

22

23

Tail Boom

Tail Boom

Left Side

Left Side

Left Side

Left Side

Right Side

Right Side

Right Side

Right Side

Right Side

Right Side

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Recommended

Required

Required

Required

Required

Required

Required

Required

Required

Required

Required

Required

87

Median machine
height to highest
boom position

Median machine
height to highest
boom position

Operator Eye

Operator Eye

Operator Eye

Operator Eye

Floor

Floor

Median Machine

Floor

Floor

Floor

Boom extended fully outwara
from center line toward
operator side of machine

2.5' external to opposite
side from the operator's
head

2.5' external to opposite
side from the operator's
head

2.5' external to opposite
side from boom pivot point

2.5' external to opposite
side and 2.5' oehind
operator's head

1.25' external to operator':
side of machine from front
edge of cutterhead

1.25" external to operator':
side of machine from rear
edge of cutterhead

Midpoint between operator
I and cutterhead on operator',Iside

, l' external to operator's
I side of machine and l'
f forward from front of cab

l' external to operator's
side of machine from inside
edge of front of cab

l' external to operator's
side of machine and l' back
from the operator's heaa



Table 2. Recommended Visual Attention Locations for Continuous Miner Opera cion
(Continued)

NUMBER

24

25

26

28

29

30

31

32

33

AREA

Forward

Forward

Forward

Forward

Forward

Forward

Forward

Forward

Forward

Forward

PRIORITY

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

STATUS

Required

Required

Required

Required

Required

Required

Required

Required

Required

Required

88

HElGaT

Operator Eye

Operator Eye

Operator Eye

Operator Eye

Floor

Floor

Operator Eye

Floor

Floor

Operator Eye

LOCATION

2.5' external to opposite
side of machine and 10'
forward from front edge
of cutterhead

2.5' external to operator's
side of machine and 10'
forward from front edge
of cutterhead

2.5' external to opposite
side of machine and 5'
forward from front edge
of cutterhead

5' forward from front edge
of cutterhead aligned on
machine center line

5' forward from front edge
of cutterhead and within 5'
external to operator's side
of machine

2.5' external to operator's
side of machine and 5'
forward from front edge
of cutterhead

2.5' external to opposite
side of machine and 2.5'
forward from front edge
of cutterhead

2.5' forward from front ecig
of cutterhead and within .5
external to operator's side
of machine

2.5' external to operator's
side of machine and 2.5'
forward from front edge
of cutterhead

2.5' external to opposite
side of machine from the
front edge of the cutterhea



Table 2. Recommended Visual Attention Locations for Continuous ~1iner Operation
(Concluded)

NUMBER AREA PRIORITY STATUS HEIGHT LOCATION

------_._-------
34

35

36

37

38

39

40

41

42

43

44

45

46

Forward

Forward

Forward

Forward

Cable

Cable

Cable

Cable

Cable

Gathering
Head

Gathering
Head

Roof

!
! Conveyor

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Secondary

Tertia~

Tertiary

Tertiary

Tertiary

Required Operator Eye

Required Floor

Required Floor

Required Floor

Required Floor

Recommended Floor

Required Floor

Recommended Floor

Required Floor

Required Operator Eye

Required Floor

Required Seam Height

Recommended : Conveyor Height

Corner of front edge of
cutterhead and opposite
side of machine

.5' external to operator's
side of machine and .5'
forward of front edge of
cutterheaci

l' forward of front edge of
cutterhead and within .5'
external to operator's
side of machine

At front edge of cutterheaa
and within .5' external to
operator's side of machine

Front edge of track on
operator's side of -machine

Rear edge of track on
operator's side of machine

Edge of machine at operator'
cab

Rear edge of tail boom from
operator's side of machine

10' back from cab on
operator's side of macnine

Farthest point of gather1ng
head extension on opposite
side of machine

Farthest point of gathering
head extension on operator's
side of machine

Along center line of machine
halfway between operator and
rear edge of cutteredge

Within 3-5' of rear edge of
cutterhead

47
I
I

i Conveyor

I
Tertiary Required

89

Conveyor Height At front edge of operator's
cab



4.3.4 Evaluation procedures detailed in SAE XJ 1296 "Recommended

Practice, Human Factors Guidelines for Shuttle Cars" should be used in assessing

the visibility of required and recommended visibility locations. Two techniques

are described either of which validly evaluate the extent to which the operator

has a clear and unimpeded view of each visibility location.

4.3.5 Extreme fore-aft visibility locations shown in Figure 3 are based on

a maximum tram speed of 2.5 mph which has an emergency stopping distance of

10 feet. For machines with faster tram speed; these locations must be extended

outward; from the machine to provide adequate braking distances. These

distances are shown in Table 3, based on SAE XJ 1329 "Minimum Performance

Criteria for Braking Systems for Rubber-Tired Self-Propelled Underground

Mining Machines."

4.4 Operator Protection Recommended Practice

4.4.1 Emergency Escape

4.4.1.1 At least one emergency escape route other than normal cab

entry/exit should be provided so that escape from the cab is possible even if the

main entry is totally blocked.

4.4.1.2 The preferred location of the emergency escape opening is toward

the rear of the continuous miner.



Table 3. Necessary Stopping Distances (Based On SAE XJ 1329)

~IMUM TRAM
SPEED
(mph)

REACTI ON TIME
DISTANCE

(ft)*
+

BRAKING
DISTANCE

(ft)**

NECESSARY STOPPING
DISTANCE

(ft)***

1 3.0 0.7 10.0

2 6.0 1.4 10.0

2.5 7.0 1.8 10.0

3 9.0 2.3 11.0

4 12.0 3.4 15.0

5 15.0 4.7 20.0

6 18.0 6.1 24.0

7 21.0 7.7 29.0

8 23.0 9.5 33.0

9 26.0 11.4 37.0

10 29.0 13.5 43.0

NOTE: * Assumes 2 second reaction time.

** From SAE Subcommittee 29, Working Group 8: Brake Standards
for Underground Machines.

*** Values rounded off to nearest whole number. Values less than 10 ft.
are assigned a value of 10 ft.
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4.4.1.3 The escape opening should have as minimum dimensions those

shown in Figure 4 but these dimensions should be enlarged as required to insure

emergency egress is possible by a 95th percentile male operator starting his

escape from a normal seated position and assuming that the normal entry/exit is

totally blocked.

4.4.1.4 The emergency opening should be provided with suitable hand

and/or foot holds to facilitate escape by both 5th percentile female and 95th

percentile male operators from a normal seated operating position.

4.4.1.5 When a movable door or hatch is provided for the emergency exit it

should be possible to open that door or hatch with a single motion of the hand or

foot. When a handle is used to open the latch, the required activation force

should not exceed 30 pOtmds. If the operator is required to move som e surface or

control in order to effect his EScape, it should be possible for a 5th percentile

female or a 95th percentile male operator to perform that motion with the

required strength given the operator's expected EScape posture or body position.

4.4.2 Protective Safety StructurES

4.4.2.1 An operator's compartment, which includes a deck for the operator

to ride on the miner, should be provided when there are machine-mounted

controls for operating the machine.
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Figure 4. ttinimum Dimensions for Emergency Escape Openings
(From Diffrient, Tilley, and Harman, 1981)
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4.4.2.2 The operator's compartment should have a canopy as required in

Section 75. 1710.1, Title 30 of the Code of Federal Regulations.

4.4.2.3 The operator's compartment should be designed so that no part of

the operator's body is required to be exposed outside the protective dimensions

of the compartment-canopy module during normal operations of the machine,

such as the operator reaching for controls or repositioning to obtain vision and

visual cues.

4.4.2.4 The floor of the operator's cab and the canopy must both be

extended beyond the side of the machine frame a minimum of ten inches to

protect the operator if he/she is required to lean out to see well enough to

perform normal machine operations such as tramming, cutting, loading, or

maneuvering the machine.

4.4.3 Noise

4.4.3.1 Noise levels in the operators cab of the continuous miner should be

determined fonowing precedm-es set forth in applicable federal regulations (CFR

30, Part 70, SUbpart F - Noise Standard).

4.4.3.2 Results of the cab noise level evaluation tests along with expected

exposm-e rates should be compared with values shown in Table 4.
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Table 4.

Duration per Day
(Hours)

8

6

4

3

2

1 1/2

1

3/4

1/2

1/4 or less

Permissible Noise Exposure Levels Over Time (dBA)*

Noise Level
(dBA)

90

92

95

97

100

102

105

107

110

115

* From Code of Federal Regulations Title 30. Section 70.510
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In cases where the permissible noise exposure level is exceeded, every

effort should be made to attenuate the cab noise to acceptable levels while still

conforming to the other guidelines of this recommended practice, especially

visibility.

4.4.3.3 If the sound level in the operator's cab cannot be reduced to less

than 100 dBA (the permissible two-hour exposure level) while the continuous

miner is engaged in its normal production task (cutting, loading, or cutting and

loading simultaneously) a sign should be placed in the secondary visual area of

the operator's cab warning the operator that noise levels in the cab exceed

accepted exposure standards and hearing protection is recommended. This sign

should be printed in plain, capital letters at least til high and should say:

WARNING! LOUD NOISE.

USE EAR PROTECTION

WHll..E CUTTING AND/OR LOADING.

4.4.4 Operator Seat Restraint

4.4.4.1 The operator seat should be designed to provide adequate body

support to aid the user in maintaining his position while the machine is in motion.
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4.4.4.2 The operator seat should be positioned in the cab in a location that

maximizes outside visibility so that the operator is not required to leave his seat

in order to safely and efficiently operate the machine.

4.4.4.3 The seat should be positioned in order to reduce the likelihood that

the user will impact controls, canopy, or other machine components when

subjected to normal machine motions.

4.4.4.4 The seat should be provided with a lap belt that is securely

attached to the cab structure. This belt should be easily adjustable and should

have a quick release buckle to facilitate operator emergency egress.

4.5 Total Operator Envelope

4.5.1 Workspace Dimensioning Recommended Practice

4.5.1.1 Workspace dimensions soould be selected on the basis of the

minimum expected operational interior workspace height, and should be large

enough to accommodate 95th percentile male operators. The graph in Figure 5

should be used to determine the interior cab length requirements for a planned

interior cab height for a given anthropometric range of operators.

4.5.1.2 The assumptions used in constructing the graph in Figure 5 were

seat pitch of 10 degrees; seat pan depth of 16 inches; seat reference point 1 inch

above cab noor; angle between foot and lower leg of 95 degrees; operator's head
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in constant contact with rear cab wall; and, clearance of 2 inches between

canopy underside and operator's mining cap (or cap lamp). These assumptions are

generally applicable to mcst cabs, however, if they are significantly violated by

design considerations the cab dimensions should be established through special

anthropometric studies using 2-D manikins or mockup evaluations.

4.5.1.3 If the operator's seat is sprung or damped against vertical shocks

and vibration, the height measurements of the operator's body from the upper

sprung position of the seat plus at least 2 inches of cap clearance should be

considered when determining the required degree of inclination of the seat and

resulting cab length requirements.

4.5.1.4 Knee angle should be considered in determining interior cab length

when foot controls requiring various forces are used. Figure 6 identifies these

relationships for two foot angles. For foot controls requiring strong forces (over

100 lbs), a larger knee angle of at least 135 degrees should be used.

4.5.1.5 Seat pitch may be varied in accordance with interior cab length.

Figure 7 may be used to determine seat pitch with planned cab length for certain

interior cab heights. In general, a fixed seat pitch of 150 is recommended.

4.5.1.6 Seat pitch should be varied to insure proper knee angles for given

foot pedal force requirements. Figure 8 should be used to determine seat pitch

for planned interior cab height and foot control force.
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4.5.1.7 The minimum width of usable cab workspace should be no less than

36 inches. There should be no sharp edges or protruding objects in the workspace

that may injure the operator or interfere with ingress/egress.

4.5.2 Workspace Layout Recommended Practice

4.5.2.1 Control Layout

4.5.2.1.1 Proper placement of a control depends primarily upon its priority

ranking. This ranking is based on the control's importance to system functioning

and its frequency of use. Control priority locations should generally follow

guidelines given in Table 5.

4.5.2.1.2 Common continuous miner controls are listed in Table 6 accord­

ing to primary, secondary, and tertiary priority. Layout of these controls in the

cab workspace should follow the guidelines previously described in Section

4.5.2.1.1.

4.5.2.1.3 Fore-aft control/display ·panel adjustment can be minimized or

eliminated by providing an optimum panel location and then having the operator

adjust the seat to achieve a comfortable and efficient body position relative to

the panel.

4.5.2.1.4 Hand grip reach distances should be compatible with anthropo­

metric characteristics of 95th percentile males through 5th percentile females.

103



PRIMARY CONTROLS

Table 5. Control Priority Locations

Given optimum locations in readily accessible positions, based on
functional reach capabilities, grip postures, line of sight (LOS),
etc.

Within 15 degrees laterally on either side of the operator's
median plane (0 degrees) and within ~O degrees vertically above or
below the operator's normal LOS (15 degrees below the horizontal
plane).

Preferably right hand operation.

Longer in overall length than other controls.

SECONDARY CONTROLS

Placed within overall operational areas, but not necessarily
within optimum areas.

Left or right hand operation.

Within 30 degrees laterally of operator's median plane
(0 degrees).

TERTIARY CONTROLS

Placed within the limits of the operator's operational range.
Because of low criticality and frequency of use, given location
after placement of primary and secondary controls.

Within visual operational limits of 94 degrees laterally either
side of the operator's median plane (0 degrees).
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Grip control zones vary with interior cab workspace height. Control placement

should remain within maximum and minimum zones to accommodate the

population of operators. Side and plan views of these zones are shown in Figures

11 and 12 for 22 inch workspace height; Figures 13 and 14 for 32 inch workspace

height; and, Figures 15 and 16 for 42 inch workspace height. A combined

primary area for locating controls is shown in these figures as an area bounded

by:

A. The normal grip arc for 5th percentile females

B. The minimum grip arc for 95th percentile males

C. Absolute minimum control/display distance of 13 inches from eye

reference point for either size operator.

D. Upward visual angle or canopy from either eye reference point

E. Cab fioor (or top of thighs of 95th percentile operator for controls

over legs).

4.5.2.1.5 Coding methods such as location, shape, size, mode of operation,

labeling, and color of controls should be applied to minimize operator error.

Table 7 presents a summary of the r:lative advantages and disadvantages of

various types of coding. It is generally advisable to apply as many different

methods of coding as possible at one time to any given control as long as each

coding method serves to clarify the identification of the control.
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Table 7. Relative Advantages and Disadvantages of Various Methods of Control Coding

TYPE OF CODING

MODE OF
J!J)VANTAGES LOCATION SHAPE SIZE OPERATION LABELING COLOR,

IMPROVES VISUAL IDENTI- X X X X X
FICATION.

IMPROVES NONVISUAL X X X X
IDENTIFICATION
(TACTUAL AND KINESTHETIC).

HELPS STANDARDIZATION. X X X X X X

j AIDS IDENTIFICATION UNDE~ X X X X (When (When
LOW LEVELS OF ILLUMINATION trans- trans-
AND COLORED LIGHTING. illum- illum-

inated) inated)

MAY AID IN IDENTIFYING X X X
CONTROL POSITION (SETIINGS).

REQUIRES LITILE (IF AN'{ X
TRAINING: IS NOT SUBJECT
TO FORGETIING.

DISADVANTAGES

MAY REQUIRE EXTRA SPACE X X X X X

AFFECTS MANIPULATION OF THE X X X X
CONTROL (EASE OF USE)

LIMITED IN NlJoiBER OF X
.

X X X X
AVAILABLE CODING
CATEGORIES.

MAY BE LESS EFFECTIVE IF X X X
OPERATOR WEARS GLOVES.

CONTROLS MUST BE VIEWED
.

X

I
X

(I.E., MUST BE WITHIN
VISUAL AREAS AND WITH
ADEQUATE ILLIMINATION
PRESENT) • I

i
I
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4.5.2.1.6 The direction of movement for controls should follow population

sterotypes. Table 8 gives the recommended control movements for various

machine functions.

4.5.2.1.7 Use of foot controls of known resistance requires certain knee

angles to enable the operator to apply the appropriate force. Seat pitch and

interior cab length, in turn, affect knee angles. Given interior cab length, foot

angle and pedal resistance, Figure 6 may be used to determine knee angle. Then

with the calculated knee angle, enter Figure 8 to determine recommended seat

pitch.

4.5.2.1.8 Controls and other cab structures should be spaced far enough

apart to eliminate accidental movement or interference. Figures 17, 18, 19, 20

and 21 provide design guidelines for typical types of controls. For "blind"

reaching (controls not visible to the operator), controls located forward of the

operator should be spaced at least 6 inches apart; controls located above or

behind the operator's shoulder should be at least 12 inches apart.

4.5.2.1.9 The extent of control movement should be in relation to display

motion. This control/display ratio varies with the types of controls being used

and should at a minimum be optimized for primary controls.

4.5.2.1.10 Controls for the Contin.llOus Miner should be arranged according

to the plan presented in Figure 22. Controls within each block should be

arranged by function and each block should be clearly labeled and separated from
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FUNCTION

On

Off

Right

Left

Up

Down

Retract

Extend

Increase

Decrease

Table 8. Recommended Control Movements

CONTROL ACTION

Up, right, forward, pull (switch knobs).

Down, left, rearward, push (switch knobs).

Clockwise, right.

Counterclockwise, left.

Up, rearward.

Down, forward.

Rearward, pull, cotD'lterclockwise, up.

Forward, push, clockwise, down.

Right, up, forward, clockwise.

Left, down, rearward, cotmterclockwise.
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adjacent blocks or cab structures. The three major blocks representing Con­

veyor, cutter head, and tram controls should be placed in the primary control

area. Slight variations in the general layout may be required to accommodate

different machine configurations or features. This layout should also be followed

for remote control units used with continuous miners equipped with cabs

designed to conform to this recommended practice. The choice of control type

is left to the workspace designer, but such controls should meet the requirem ents

set forth in an other paragraphs in this subsection (Section 4.5.2.1) and should

otherwise be compatible with the other major sections of this recommended

practice.

4.5.2.2 Display Layout

4.5.2.2.1 Display placement depends upon the relative importance and type

of information being presented. An Optimal Display Area within which primary

displays should be located is bolDlded by:

A. Functional Reach (FR) arc.

B. 20 inch preferred distance from eye reference point for displays with

associated controls.

C. Upward visual angle (+5 de~ees to + 20 degrees as limited by the cap

brim, with no upward head motion; or as limited by the canopy)
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D. Downward visual angle (-30 degrees with no downward head motion).

4.5.2.2.2 Layout of visual display panels should follow recommendations

discussed in the Van Cott and Kinkade Human Engineering Guide for Eguipment

Design (1972). Warning displays indicating a present or potential malfunction or

hazard should be within 30 degrees of normal line of sight. Displays should be

labeled according to machine component or function. Scale ranges and interval

values should correspond with all possible readings that may occur.

4.5.2.2.3 Displays should be organized by machine function and laid out in

conjunction with related controls to insure a clear relationship between each

control and its associated display (if any).

4.5.2.2.4 Displays should be made of materials sufficiently reflective to be

legible from all operator seat positions. Colors of displays and annunciator lights

should be selected according to the po~lation stereotypes of red for "stop" or

"danger", yellow for "caution", and green for "go" or "normal". Other colors may

be chosen from stereotypes presented in the references cited above. Caution

should be used in relying on color coding in situations where lighting conditions

vary.

4.5.2.2.5 Mechanisms for generating auditory displays and alarms should be

located near the operator's head. Multigle alarms should have distinct tones and

be sufficiently loud to overcome background noise. Volume should be preset to

avoid being tuned low by personnel.
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4.5.2.2.6 There should be no sources of glare within the operator's primary

and secondary viewing areas.

4.5.2.2.7 Table 9 should be used as an aid to selecting the proper type of

display for presenting a given type of information. Generally, an analog, moving

pointer display is recommended for qualitative and check reading functions like

hydraulic pressures, temperatures, and voltages as may be found on continuous

miners.
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SAE --- HUMAN FACTOR GUIDELINES - SHUTTLE CARS

1. Purpose

This recommended practice is intended as a guide for developing

an operator's envelope with good human factors criteria for layouts

of underground shuttle cars.

2. Scope

2.1 These guidelines are intended to be primarily applied to

products to be designed and produced in the future.

2.2 The limitations to these guidelines are that it is probably

not possible to apply them in any retrofit or rework progra.m

to equipment already in use.

3. Definitions

3. 1 Operator's envelope - same as operating station and means

a cubic area of space which is allocated for an operator to

work controls for operating a machine.

3.2. Service Brake Pedal - to be positioned on the left relative to

the operator's view.

3.3 Throttle Pedal - To be positioned on the right relative to the

operator's view.

Note: Regardless of the direction of travel, the placement of

the above pedals should be positioned relative to the operator

as stated above.

3.4 Steering -

3.4. 1 If a wheel or two wheels are used, clockwise rotation

of the wheel must turn the vehicle to the right relative

to the operator facing the wheel.
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3.4. 2 If stick steering is used, the direction of motion of

the stick to the left or right must create travel in

the same direction relative to the operator facing

the control. In a 180· opposed position, the same

condition should exist.

3. 5 ParkiJ),g Brake - Must hold car stationary. when applied same

as emergency brake but system is not deenergized when

applied.

3.6 Emergency Brake - Is operated by a panic bar only and

released by some distinctively separate action.

3.7 Canopy Elevation Power Assist - Does not have to be in

operator's envelope -- it can be within t.he operator's

compartment but must be out of the way of the vehicle

motion controls.

3.8 Fire Suppression - This control element must be con­

veniently located to the operator but must be out of the

way of the vehicle motion controls.

3.9 Conveyor Discharge Boom Elevate - Must be within

easy arm reach.

3.10 Bell or Gong - Actuator must be convenient to the operator.

3. 11 Main Power and Pump Motor - One switch will be within

reach of the operator's envelope and will activate both.

Some type of auditory or visual signal indicating power is

on and machine is activated is desirable.

3.12 Tram Direction - One control will be within the operator's

reach within the envelope. The tram direction control will

be incorporated with the throttle when the compartment is

a two direction/two position design. In the traverse cab,

a separate control will be used for reverse direction.
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3.13 Lights - Control must be within operator's envelope.

3. 14 Conveyor Stop/Start - Must be wit.hin operator's envelope.

3. 15 Main Breaker - Not required to be in operator's area.

4. General Criteria

Three different sizes of operator's envelopes are defined.

Compart­
ment
Length

80" long
80" long
80" long

I
I----------------------------------------------------

They are:

l'nternal
Compartment Internal

Drwg iF Height View Width

la ZO" side
4.1 Ib i ZO" plan 30" wide

Ie I ZO" front 30" wide

4.Z
Za
Zb
Zc

30"
30"
30"

side
plan
front

80" long
30" wide 80" long
30" wide 80" long

----------------------------------------------------
3a 40" side 60" long

4. 3 3b 40" plan 30" wide 60" long
3c 40" front 30" wide 60 11 long

4.4 With reference 1:0 the above controls, they are grouped

below by use. That is primary or easily reached and

most used; secondary which are frequently used and

tertiary. infrequently used. Unless noted, all controls

are hand operated controls. When considering a control

la.yout,the recommendation would be to place primary

controls in the primary zone on the drawings and so on.

4.4.1 Service brake pedal: Foot control

4.4.Z Throttle pedal Foot control

4.4.3 Steering Primary

4.4.4 Parking brake Seconda,ry

134



4.4.5

4.4.6

4.4.7

4.4.8

4.4.9

4.4.10

4.4.11

4.4.12

4.4.13

4.4.14

Emergency brake Primary

Canopy Elevation POwer Assist Tertiary

Fire suppression Tertiary

Conveyor discharge bO'om elevate Secondary

Bell or gong Primary

Main power and pump motor Tertiary

Tram direction Foot -pedal or primary

Light s Secondary .

Conveyor stoplstart Primary

Main breaker Tertiary

4.5 The operator's envelopes defined in the above list of drawings are

respectively for 24". 36",' and 48" high machines. The dimensions

of 24". 36", and 48" are the machine height. The seam height will

be considered to be 12" above the vehicle height. The canopy thick­

ness is not considered in these figures. The enclosur~s shown are

drawn to ;eflect recommended internal measurements. For examtllE. ~ .
top of cab floor to the underside of the canopy.

4. 6 The purpose of these drawings and the accompanying text is

to furnish general optimized human factors guidelines for

underground mining equipment and specifically shuttle

cars. These guidelines would be applied primarily to pro­

ducts to be designed and produced in ".he future.

These human factors recommendations don't take into consideration:

4.7 Any limiting machine design factors

4. 8 Specific recommendations can and will be made from

the supporting drawings. However, it is necessary to first

list those elements of importance pertaining to controls and

recommended guidelines for them.

Explanation of Drawings

4.9 Three views of each chosen operator's compartment are

shown. There is a grid overlayed on the space. The grid
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4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

is used for locating areas for controls and for positioning

of the operator.

In each of the views. the link points for the extreme size oper­

ators have been plotted. The large male is plotted with black

dots and his head is outlined. The small female is plotted

with red dots with boxes around the dots, and her head is

outlined.

The common area of easy reach is crosshatched and the area

of natural reach and movement is shaded.

Foot positions are shown as a line which represents the bot­

tom of the foot. These lines are keyed according to the size

of person they relate to.

A dotted line in the appropriate color and weight shows the

approximate seat or shoulder and head rest positions.

By using a list of required controls and grading them by

importance and amount of use, we can find which controls

shoUld fit into what areas of reach for the operator.

It must be remembered that the entire area shown in the

drawings cannot be used for controls. Room must be left

for entry and exit of the operator.

This will eliminate about half of the primary reach area

and one third of the easy reach areas.

Overall compartment size, especially width, may be smaller

or larger than is shown in the drawings. Compartment height

must not be lower than the one specified, but it may be higher.

5. Specific Recommended Design Guidelines

5. I Canopies, their structures and visibility through them as
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well as safety requirements. It is a must that the canopy

must cover all of a man I s body - it must be wide enough

to prevent any part o.f his body, such as his head, from

being caught between a canopy support post and a roof

support rib. This indicates that if canopy posts are used,

they should be brought in a reasonable distance from the

outside perimeter of the can0l'Y.

5.2 We must optimize visibility vertically or horizontally.

We have to apply human factors requirements which will

enhance safe operation from a viewing point of view.

Good visibility requirements for non extended cabs as

opposed to extended cabs will be different. In non

extended cabs, we recommend a minimum of an 8 r, vertical

and 20" horizontal window for all four viewing directions.

~ )Canopy.I ...... 8" Window Minimum

------ -------..1,5 Machine Top

In extended decks, in the forward and reverse directions of

travel, we recommend an 8" horizontal and 20" vertical

window. We will only have available over the machine a

small viewing capability.

5.3. Spacing of the brake and throttle should be kept far enough

apart so that. one pedal would not be inadvertently depressed

when the other is being used•.
5.4 The conveyor and boom lift controls should have different

tactile devices from each other.
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5.5

5.6

5.7

5.8

5.9

5.10

5.11

Steering should be with the use of a round steering wheel

or joy stick.

In shuttle cars, it is recommended t.hat only seated to

semi-prone positions be designed for the operator in

order to try and minimize physiological fatiguing while

in the overational attitude.

Door hinges# if any, must be on loading end or face side.

Unused seat should not be a hindrance to getting in or out

of the operator's envelope.

There should be no obstrucHons for safe exit' 'and inadvertent

energizing of the machine.

If it is required within the operator's envelope to illuminate

some machine feedback data, it must be visible but not so·

much as to be a distraction to the operator.

S.ome method to prevent the accumulation of debris around

the foot pedals is neces sarr.

6. Specific Comments Referenced to the drawings are as follows:

6.1 Drawing la

6.1. 1

6.1. Z

6. 1.3

Shoulder, back and head support must be adjustable

in order to accommodate the two extremes of the

population we have used.

The hip points for the two population extremes will

be kept at about the same L axis position and the

primary controls will be fixed in position•

.
Pedal controls should be adjustable to accommodate

population extremes. Dotted line shows fully extended

position and solid line shows a non-depressed pedal

position.
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6.1. 4 The heads of the two population extremes should

be kept as indicated with the neck pivot point

(No.1) held at to on the H axis.

6. 2 Drawing 2a

6.2.1

6.2.2

6.2.3

6.2.4

Head, shoulder and back support must be adjustable

in order to accommodate the two extremes of the

population we have drawn. The heavy line areas

indicate where lumbar support must be placed.

The heads of the two population extremes which

are drawn as well as any person between these

two must be kept in a position so that the neck

pivot point is at about 2~ on the H axis.

Pedal controls should be adjustable to accommoda:te

population extremes. Dotted line shows fully

extended position and solid line shows normal

non-depressed pedal position.

The hip points for the two population samples

illustrated will be at the same position on the L

axis and thus the buttock support will be fixed.

Also the primary controls will be fixed in position.

6. 3 Drawing 3a

6.3. 1 Since t.he height of this operator's envelope permits

a seat in the normal sense of the word, the (SRP)

Seat Reference Plane is illustrated. The SRP is

established by drawing a line which goes through

the contact areas of the back and another line
J

through the contact area of the legs. Where these

two lines intersect. we have the SRP. The SRP

should be adjustable fore and aft and up and down 4"

in both direction.
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6.3. Z

6.3.3

Pedals and hand controls can remain constant: in this

layout.

It is also necessary to incline the two intersecting seat

reference lines in order not to fa.tigue an opera.tor in long

durations of work.
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SAE XJ-2138 . HUMAN FACTORS - ROOF DRILLS

Submitted May 28, 1982

1. PURPOSE

This recommended practice is a guideline for the design of operator
stations on rubber-tired, self-propelled electric powered roof drills
(or roof bolting machines) used in underground mines.

2. SCOPE-
2.1 These guidelines shall be applied to the design of new roof

drilling machines.

2.2 These guidelines shall not be used to supplant the legal require­
ments established by, among other, Title 30, Code of Federal Regu­
lations and Mine Safety and Health Administration (MSHA). Note
that MSHA Technical Support, Bruceton, PA has authority for
establishing control station design and location on roof drills.
This guideline reflects current practices only.

2.3 The nature of roof bolting tasks require the operator to stand,

kneel, squat, or sit adjacent to the machine control stations.
Only while tramming between working places is the operator ex­
pected to be seated inside a compartment. Some machines provide
compartments for all tasks.

Therefore, these guidelines stress the location and design of
controls, the most common being lever actuated hydraulic valves.

Operator workstation design features are included as Section 5.
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3. DEFINITIONS

3.1 Roof Bolting Tasks

Roof drilling machines are used to drill holes in mine roofs and
install roof bolts. Controls are generally arranged to accomplish
these four tasks:
a. Moving the machine between working places, known as tramming.
b. Installing roof supports with Automated Temporary Roof Support

(ATRS) systems if the machine is so equipped. Workstations
may also be protected by moveable canopies and/or roof jacks
(safety posts).

c. Repositioning the drill head between bolt locations in a
lateral row of bolts or between rows.

d. Drilling holes and installing roof bolts.

3.2 Workstations

3.2.1 General

An operator's workstation is a location where control
functions are performed. There are between one and six
workstations on common coal mine roof drills as shown in
Figure 1. An enclosed operator's compartment will usually
be provided at the tram station.

3.2.2 Workstation Compartment

A substantially constructed cab or canopy shall be provided
at the tram station as specified in Title 30 CFR. Canopies
are required at all other workstation except when the
machine is equipped with an Automated Temporary Roof
Support (ATRS) system~pproved by MSHA.

Drilling, repositioning. and ATRS stations consist of
controls mounted on the side of the machine frame. A
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well-defined operator compartment is usually not provided;
the operator stands or squats next to the machine on the
mine floor.

Two different styles of ATRS systems are in common use.

The bar-type supports the full width of the entry, permit­

ting one or more complete rows of bolts to be installed
without repositioning the machine or lowering the ATRS.
The safety arm-type supports the roof around the drilling
head but must be lowered to reposition for each bolt hole.

3.2.3 Workstation Controls

3.2.3.1 Several workstations may be grouped or co-located
at certain locations depending on machine confi­

guration.

3.2.3.2 Tram station

Except for low coal roof drills, a separate tram
compartment shall contain all controls for moving
the machine. Skid steer machines have two tram
levers, left and right side, along with a brake
lever. Steerable axl~ machines have automotive
style steering wheel and foot pedal(s). Common

controls include motor start/stop, gong, lighting,
and cable reel.

3.2.3.3 ATRS station

If an ATRS is mounted on the roof drill a special
workstation shall be provided. It shall be
located so t~e operator is under supported roof
(bolted) when the ATRS is lowered or raised.
Additionally, controls for tramming the machine at
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limited speed (inch tram) between bolt rows may be
located at this station.

3.2.3.4 Repositioning station

Repositioning controls move the drilling head
laterally between bolt locations in a row. These
are typically boom swing or mast slide functions.
Small, single boom roof drills with fixed heads do
not have repositioning controls. The location of
the repositioning station depends on the ATRS

confirguration as follows:
a. No ATRS - repositioning controls located at a

convenient position close to the drill head.
b. Bar-type ATRS (not lowered while a row is

bolted) - repositioning controls located at a
convenient position close to the drill head•.

c. Safety arm-type ATRS (lowered to relocate the
drill head) - repositioning controls located
under supported roof (bolted), usually about
five feet behind the drill head.

3.2.3.5 Drilling station

Controls for drilling the hole and installing the
roof bolt are located within reach of the drill
head. Although it is desireable to keep the
controls as far from the drill head as possible,
the operator shall be capable of installing
drilling tools and roof bolts into the chuck while
manipulating the controls.

3.3 Common Control Terminology •

Control names and definitions are given by workstation. A list of
common descriptors used by roof drill manufacturers and suggested
abbreviations appear in Table 1.
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Table 1. Control Names and Labels

Typical Control
Manufacturer Suggested Suggested
Control Name Name Label

ATRS ATRS Set ATRS
ATRS Extend ATRS Sump ATRS SUMP
ATRS Fold ATRS Fold ATRS FOLD
ATRS Set ATRS Set ATRS
ATRS Sump ATRS Sump ATRS SUMP
ATRS Til t ATRS Fold ATRS FOLD
Auger Clamp Drill Guide GUIDE
Auto Dri 11 Auto Dri 11 AUTO DRILL
Blower Dust Collector DUST
Bolt Torque Bolt BOLT
Boom Feed FEED
Boom Feed Feed FEED
Boom Extended Sump SUMP
Boom Lift Boom Lift LIFT
Boom Raise Feed FEED
Boom Roll Boom Til t TILT
Boom Sump/Head Sump Sump SUMP
Boom Swing Boom Swing SWING
Boom Til t Boom Tilt TILT
Boost Fast Feed F.FEED
Brake Lock Parking Brake PARK
Brake Pedal Service Brake BRAKE
Cable Reel Reel REEL
Canopy Canopy CANOPY
Centralizer Drill Guide GUIDE
Ci rcuit Breaker Circuit Breaker CB
Cradle Cradle CRADLE
Cradl e Li ft Cradle CRADLE
Cradle Swing Boom Swing SWING
Diverter Valve Diverter DIVERT
Dri 11 Gui de Drill Gui de GUIDE
Drill Head Drill Rotate DRILL
Drill Pot Drill Rotate DRILL
Drill Speed Drill Speed SPEED
Dri 11 Thrust Feed FEED
Drilling Water Drill Water WATER
Drop Foot Stab Jack STAB
Drop Head Drop Head DROP HEAD
Dust Bin Dust Bi n DUMP
Dust Collector Dust Co 11 ector DUST
Fast Feed Fast Feed F. FEED
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Table 1. Control Names and Labels (Continued)

Typical
Manufactuere
Control Name

Feed
Fire Control
Floor Jack
Foot
Frame Jack
Front End Lift
Impactor
Inch Tram
Left Tram
Light Switch
Main Power
Mast Feed
Mast Lift
Mast Rollover
Mast Slide
Operator's Deck
asci 11 at ion
Panic Bar
Parking Brake
Percussion
Positioning
Power Take Off
Pump Motor
Rear End Lift
Reel
Reel Speed
Remote Tram
Resin Bolt
Right Tram
Rock Duster
Rotation
Safety Jack
Safety Post
Service Brake
Split/Combine Tram
Stab Jack
Stab Jack
Stab Jack
Start/Stop
Steeri ng
Thrust
Tightener
Tram Pedal
Vacuum Pump
Vibration

Control
Suggested
Name

Feed
Fire Supression
Frame Jack (for machine)
Stab Jack
Frame Jack
Front End Lift
Impact
Inch Tram
Left Tram
Lights
Main Power
Feed
Mast Lift (not feed)
Mast Roll
Slide
Deck Lift,Deck Slide
Impact
Panic Bar
Parking Brake
Impactor
Inch Tram
Power Take Off
Pump Motor
Rear End Lift
Reel
Reel Speed
Inch Tram
Resin Bolt
Right Tram
Rock Duster
Drill Rotate
Safety Post
Safety Post
Service Brake
Tram Speed
Stab Jack (for drill-arm)
Frame Jack (for machine)
Safety Post (roof jack)
Pump. Motor
Steer
Feed
Bolt Torque
Tram
Dust Collector
Impact
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Suggested
Label

FEED
FIRE
JACK
STAB
JACK
FRONT LIFT
IMPACT
INCH
L.TRAM
LIGHTS
POWER
FEED
LIFT
ROLL
SLIDE
DECK
IMPACT
STOP
PARK
IMPACT
INCH
PTO
PUMP
REAR LIFT
REEL
REEL SP
TRAM
BOLT
R.TRAM
ROCK DUST
DRILL
POST
POST
BRAKE
TRAM SPEED
STAB
JACK
POST
PUMP
STEER
FEED
BOLT
TRAM
DUST
IMPACT



J.J.l Drilling Station

Drill rotate control is used to rotate drill head in
forward (normal drilling) and reverse direction (op­
tional).

• Feed control is used to raise or lower the drill head
and to vary drill thrust rate.

• Torque control is used to select either drill or bolt
torque pressure relief setting.

• Drill guide control is used to activate a device to
collar the drill steel near the roof.

• Drill clamp control is used to activate a mechanism to
secure the drill steel in the drill head.
Fast feed control is used to increase the feed rate of
the drill head.
Drill speed control is used to change the drill rotation
speed.
Impactor control is used to activate impactor (or
percussion) function.

J.J.2 Repositioning Station

Boom swing (or mast slide) control is used to change the
lateral position of the drill head.
Sump control is used to move the drill head longitudi­
nally along the machine or boom centerline.

• Canopy (or safety post) control is used to raise and
lower a canopy (or safety post).
Cradle (or drop mast) control is used to raise and lower
a support under the drill head that transfers drill
thrust loads into the floor.

• Boom tilt (or mast roll) control is used to roll the
boom (or mast) for "angle bolting.
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j.3.J ATRS Station

•

Inch tram controls are used to tram the roof bolter at
reduced speed, usually between 50 and 80 fpm, between
rows of bolts.
Stab jack control is used to raise and lower the frame
jack, typically positioned under the machine frame or
drilling boom to transmit thrust loads into the floor.
ATRS set control is used to raise and lower the auto­
mated temporary roof support (ATRS).
ATRS sump control is used to extend and retract the ATRS
along the machine centerline.
ATRS fold control is used to fold and unfold the ATRS

for reduced tram height.
Parking brake control is used to engage or release the

parking brake.

3.J.4 Tramming Station

•

Tram levers (left and right) are used for tramming and
steering a squirm-steer roof bolter.
Steering wheel is used to control the direction of
travel of a roof bolter with a steerable axle.
Tram pedal is used on steerable axle machines to regu­
late the tram speed.
Tram canopy control is used to raise and lower the
canopy over the tram station.
Cable reel control is used to pick up and payout the
trailing cable.
Oiverter control is used to switch the flow of hydraulic
oil from the tram function to the drill function or vice
versa.
Parking brake control is used to engage or release the
parking brake.
Service brake is used to slow machine tram motion.
Tram direction control is used on steerable axle ma­
chines to select forward, reverse, or neutral.
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j.J.5 Other Controls

•

•

Main power control is a lever or switch for activating

all electrical power to the machine.

Pump motor start/stop switches are provided at tram

stations.
Machine lighting and head light switches are located
where convenient.
Fire suppression device actuators are located by appro­
priate codes.
Panic' bars are defined and located by Title 30 CFR •
There may be other controls not specified by these
1i sts.

3.4 Control Arrangements

3.4.1 Sequencing

Dual head roof drills have identical sets of controls
located on the outside of booms or masts. They can be
sequenced in the same left-to-right pattern. known as place
arrangement. or in the same pattern relative to forward (or
inby). known as mirror-image arrangement. Figure 2 illus­
trates these configurations.

3.4.2 Control Priorities

3.4.2.1 Primary controls are those most frequently used
and shall be located within the operator's primary
reach envelope. See Section 5 for these reach
envelopes.

3.4.2.2 Secondrary controls are less frequently used and
may be located within primary or secondary reach
envelopes.
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Figure 2. Control Sequencing Relative to Drill Head
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j.4.2.j Critical controls are infrequently used but must
be easily distinguished from all other controls
and easily actuated. They shall be located within

the primary reach envelope but separated from

normal control actuation patterns.

4. OPERATOR WORKSTATION GUIDELINES

4.1 Controls

4.1.1 Priorities

4.1.1.1 Primary controls shall be located within the
operator's primary reach envelope. Primary

controls include:
Drill Rotate
Feed

Drill Guide/Clamp
Canopy (Safety Post)

Sump (Boom. Head)
Cradle (Drop Mast. Stab Jack)

Boom Swing (Mast Slide)
ATRS Set
Frame Jack
Inch Tram

Tram Levers

4.1.1.2 Secondary controls shall be located within either
the primary or secondary reach envelope but shall

not interfere with primary control activation
patterns. Secondary controls include:

Bolt Torque Tram Canopy
Drill Speed Cable Reel
Impactor Diverter
Tilt (Boom, Mast) Steering Wheel

Fast Feed Tram Pedal
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ATRS Sump

ATRS Fold
Parking Brake

Brake Pedal

Main Power
Pump Motor

Lighting

4.1.1.J Critical controls shall be located in prominent

positions within the primary reach envelope which
facilitate identification and ease of actuation.
Critical controls include:

Panic Bar
Brake Lever (Skid Steer)

Fire Suppression

4.1.2 Coding Technique

4.1.2.1 Coding by grouping and sequencing

Primary controls shall be coded by grouping and
sequencing within the group. Sequencing.within
the groups shall be mirror-image where duplicate
stations are provided and shall be sequenced with
respect to the drill head. Groupings and se­
quencing are shown in Table 2.

4.1.2.2 Coding by tactile feel

Where practicable, primary control groups shall
extend slightly above and beyond other controls to
establish their significance. Each control group
shall be identified by a shape-coded knob accord­
ing to Table 2 and Figure 3.

4.1.2.J Coding by si9ht

All controls, except those readily identifiabl~ by

their nature (such as the steering wheel), shall
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Table 2. Control Grouping and Sequencing

Control Sequence from Control Name Shape
Group Drill Head l Code l

Drill ing 1 Dri 11 Guide/Clamp -
2 Dri 11 Rotate Yes
3 Feed -

Repositioning 1 Boom Swing/Mast Slide Yes
2 Cradle/Stab Jack/Drop Head -
3 Sump (Boom, Head) -
4 Canopy/Safety Post -

ATRS See Inch Tram (May be 2 Levers) -
Chart Fram Jack/Stab Jack -
Below ATRS Set Yes

Tram - See Section 4.1.6 -

lDrill head is forward, or inby, on the machine. For a vertical arrangement
of levers, the sequence shall be from top (#1) to bottom.

2S ee Figure 3 for shape code recommendations.

ATRS Station Sequence Chart

Lever Group Sequenced SequenceOri entation From*

Parallel to l. ATRS Set
Machine Drill Head 2. Frame Jack/Stab

Centerline 3. Inch Tram
-

Perpendicular l. ATRS Set
to Machine Machine Center 2. Frame Jack/Stab
Centerline . 3. Inch Tram

Bottom l. ATRS Set
Vertical to 2. Frame Jack/Stab

Top 3. Inch Tram

*This orientation places the inch tram control(s) in the
most convenient location for the operator (i.e., outward
or on top) as he walks next to the machine.
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DRILL ROTATE

BOOM SWING

ATRS SET

Notes:

1. Knobs shall be the same relative size as adjacent primary control knobs.

2. Horizontal levers may take the form of square, triangular, or round bar
(With wire wrap) that have tactile feel to a gloved operator for dis­
tinguishing from adjacent levers.

3. Round off all corners.

Figure 3. Shape Coded Knobs for Specific Controls
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be labeled with the control name and direction of
actuator motion. All control labels shall be
clearly visible to the operator from his normal
work posture and shall be of a permanent nature
legible in the mining environment. Labels mounted
on detachable levers are not recommended.

4.1.3 Direction of Motion

4.1.3.1 Lever motions for controls and the resulting
machine or actuator direction of motion shall be

as shown in Table 3.

4.1.3.2 Control direction of motion shall correspond with
the resulting machine direction of motion as
follows:
a. Where practicable, regardless of Table 3
b. Where the control station moves in response to

control inputs, as with tram levers, boom

swing/mast slide, boom sump, etc.

4.1.~.3 In general, the lever should be pushed to actuate
the principle feature of the actuator. Therefore,
horizontal levers should be pushed down or away
from the operator to initiate prjnciple functions.
Angled levers falling between vertical and hori­
zontal orientation shall be categorized as verti­

calor horizontal according to the push-to-actuate
principle based on the normal operator position

for that station.

4.1.4 Detented Handles

Unless required by machine function, all controls shall
spring-return to neutral when released by the operator.

Detented levers shall not be used for drill rotatiion, boom
swing/mast slide, feed, tram, or resin bolt.
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Table 3. Direction for Control Motion

Lever Orientation1
Contro1 Name

Vertical Horizontal

Dri 11 Rota te In=Dri 11 Out=Rev Up=Rev Down=Dri11
Feed 3 In=Raise Out=Lower Up=Lower Down=Raise
Torque In=Dri11 Out=Bo1t Up=Dri 11 Down=Bo1t
Drill Guide/Clamp In=On Out=Off Up=Off Down=On
Fast Feed 3 In=On Out=Off Up=Off Down=On
Dri 11 Speed2 CW=Slow CCW=Fast CW=Fast CCW=Slow
Impactor In=On Out=Off Up=Off Down=On
Boom Swing/Mast Sl ide 3.4 In=A\>/ay Out=Toward Up=Away Down=Toward
Sump" (Boom/Head) In=Out Out=Back Up=Out Down=Back
Canopy/Safety Post3 In=Raise Out=Lower Up=Lower Down=Raise
Cradle/Stab Jack In=Raise Out=Lower Up=Rai se Down;"Lower
Boom Til t In=CW Out=CCW Up=CW Down=CCW
Inch Tram;$ .. .. .. ..
Stab Jack In=Set Out=Raise Up=Raise Down=Set
ATRS Set3 In=Set Out=Lower Up=Lower Down=Set 3

ATRS Sump" In=Out Out=Back Up=Out Down=Back
ATRS Fold In=Unfo1d Out=Fo1d Up=Unfo1d Down=Fo1d

11l1n ll means push away from the operator, "out" means pull toward the operator.
2CW=C1ockwise, CCW=Counter Clockwise.
3These controls shall require a guard or interlock to prevent inadvertent
activation by roof fall or by operator leaning against or climbing on the
control station.

"See Section 4.1.3.2
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Boom Swing/Mast Slide

Tram Levers

4.1.5 Hands-Off Drilling

A reliable means of securing the rotating drill steel and

bolt tightening wrench in the drilling head shall be

provided to permit the operator to drill holes and install

bolts without stabilizing the tools with his hand.

Additionally, a means of pulling stuck drill steels from
the roof shall be provided.

4.1.6 Tram Controls

4.1.6.1 Tram control levers for skid-steer machines shall

move in the same direction as machine movement.
Lever location shall correspond with the machine

side actuated, i.e., left lever actuates the left

tram.

4.1.6.2 Steerable-axle machines shall be equipped with
automotive style steering wheel and tram pedal(s).
If two pedals are provided for tram speed and
service brake functions, they shall both be
actuated by the right foot and the brake pedal
will be on the left side. Steering shall be

consistent with the direction of travel if the
operator reverses seat position.

4.1.7 Guarding

Unless protected by a canopy, all controls shall be guarded
to prevent hand injuries from falling roof rock. Addi­
tionally, these controls shall be guarded to prevent
inadvertent actuation ~rom the operator leaning against or

climbing on the controls:
Feed

Fast Feed
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4.1.8 Levers and Pedals

Recommended design limitations for pedals and levers are
shown in Table 4.

4.2 Control Height vs. Posture

For lever actuation when the operator is standing, kneeling, or
squatting on the floor, the optimum control height places the
forearm level with the floor. This dimension can be determined
experimentally using average-sized subjects. Operator posture
depends on the mining height and is best determined empirically.

4.3 Visibility Assessment

The following points should be considered when the manufacturer
assesses the visibility from various control stations:

Drilling Station and Repositioning Station

Drill head for its full vertical travel
Hole location at the roof line

• At least 10 feet (3 m) of the roof area inby the operator
Rib area within a radius of 10 feet (3 m)
Floor area adjacent to machine at drilling and ATRS
station.

ATRS Station

Roof area above ATRS, full entry width
Floor area ahead of machine where practical
Rib area on operator's side of machine
Floor area adjacent to machine between drill and tram
stations.
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Table 4. Recommended Design Features for Levers and Pedals

Feature

LEVERS

Knob Diameter, inches (mm)
Finger Grasp

Hand Grasp
Separation, Centerline to Centerline,
inches (mrn)

One Hand, Random Order
Two Hands, Simultaneously

Actuation Force, pounds (N)

Hand Operatoed
Hand and Ann Operated

PEDALS

Size, inches (mm)
Length
Width

Displacement, inches (mm)
Ankle Flexion
Leg Movement

Control Separation, Centerline to Center­
line, inc~es (mm)

One Foot, Randomly
One Foot, Sequentially

Actuation Force, pounds (N)
Ankle Flexion
Leg Movement
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Minimum

0.5 (13)

1. 5 (38)

1. 7 (44)
3.0 (76)

3.5 (89)
1.0 (25)

1.0 (25)

4.0 (102)
2.0 (51)

10 (44)
10 (44)

Maximum

3.0 (76)
3.0 (76)

4.0 (102)
6.0 (152)

10 (44)
15 (67)

-
-

2.5 (64 )
7.0 (178)

I

6.0 (152) !

4.0 (102)

20 (89)
50 (222)



Tram Station

Cable handler (helper)
Roof and rib areas at least 10 feet (3 m) ahead of machine

• Both ribs from above eye height

• Behind machine

4.4 Operator Protection

Valve banks and control levers shall be positioned so that the
operator is located under supported roof or a canopy at all times.
When the machine is positioned for the bolt closest to the rib, an
escapeway clearance of 18 inches (457 mm) minimum shall be pro­
vided between the mine rib and the boom side.

4.5 Operator Envelopes

Operator enclosures shall be designed to accommodate a population
ranging from 5th percentile female through 95th percentile male.

The attached drawings illustrate operator size accommodation
requirements for three compartment heights. The grid provides a
means of scaling information•

. Compartment heights less than 26 inches (660 mm) are not recom­
mended because the 95 percentile male operator cannot maintain the
normal line of sight in a horizontal plane.
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The following code letters are used on the operator enclosure
drawings:

A. Ankle Point
B. Knee Point
C. Hip Point
o. Shoulder Point
E. Shoulder Extended
F. Elbow Point
K. Standard Line of Sight
L. Upper Line of Sight
M. Lower Line of Sight
N. Warning Display Vision
P. Controls and Display Vision
Q. Peripheral Vision
R. Maximum Control Reach
S. Maximum Control Grip
T. Minimum Control Grip
Z. Minimum Display Distance
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PREUMINARY DRAFT

1. PLRPOSE

This recommended practice swnmarizes human engineering principles and standards

applicable to the design of mobile mining equipment used in underground coal mines. It

includes design recommendations to enhance operator efficiency, safety, and comfort.

Generai recommendations applicable to all machines covered by this document are

presented followed by recommendations unique to each category of equipment•

. This recommended practice is intended for use in the design of new mlOlOg

equipment. It may also be used for the redesign of existing machines. The guidance

contained herein, however, does not supplant the requirements of civil authority such as

Title 30, Code of Federal Regulations, Part 75.

2. SCOPE

The design recommendations presented here address workstation and operator

compartment design, control design, visibility requirements, and other productivity and

safety related equipment design for the following categories of mining machines:

o Continuous Miners

o Cutters

o Face Drills

o Loaders

o Personnel Carriers

o Roof Drills

o Scoops and Ramcars

o Shuttle Cars

o Utility Vehicles

3. OEFINITIONS

The definitions and interpretations listed below have been used throughout this

Recommended Practice. Where appropriate, reference has been made to relevant Society

of Automotive Engineer (SAE) or other industry group definitions. Similiarly, relevant

Federal Regulations have been referenced as appropriate.
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~ - Automatic Temporary Roof S,:,pport System designed to provide bolter operators

with temporary roof support while installing roof bolts.

Back Angle - Angle created by the seat pan and the backrest.

Backrest - Portion of the seat providing support for the operator's back from the hip to

the shoulder.

Compartment Height - Height of the operator's compartment measured from the top of

the floor pan to the bottom of the r~of structure.

Control F'orce - Amount of muscle force required to activate a control.

Canopy - Overhead protective structure covering the mining machine workstation.

Control - Input device used to. initiate, alter or terminate a machine function.

Display - Device &r design feature designated to provide stal"bs, position, or condition

information to the operator through'visual orauditory feedback.

Drill Station - The primary workstation for the operator of a roof drill or face drill.

Eye Reference Point - A point located on the bridge of the nose and centered between

the operator's eyes.

F'oot Control - Contr~l input device activated by left or right foot.

F'oot - Lower Leg Angle - The angle between the lower leg and bottom plane of the foot.

F'unctional Grip - The distance from the shoulder pivot point to the center of the palm of

the hand.

F'unctional Reach - The distance between the -relaxed shoulder pivot point and the tip of

the outstretched fingers.
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Functional Reach Extended - Functional reach as measured with the shoulder pivot point

extended as far forward as possible.

Hardhat - Hard protective helmet worn as protection against falling materials or impact.

Hardhat Minimum Clearance - The minimum two inch space between the miner's hardhat

and the lower surface of the Canopy recommended by SAE J833 (Jan '80).

Knee Angle - The angle formed by the upper and the lower leg.

Maximum Grip - The maximum distance at which an operator can grip and operate a

control with the shoulder fixed and arm extended to its forward most position.

Maximum Control Space - The acceptable space for infrequently used hand and foot

controls as defined by SAE J898 (April 1980).

Maximum Rated Capacity - Maximum design load a vehicle is rated to handle.

Minimum Grip - The closest distance at which an operator can grip and operate a hand or

foot control.

Necessary Stopping Distance - Distance required to bring a vehicle with maximum rated

load traveling at maximum tramming speed to a stop, plus the distance the vehicle travels

during the operator's two-second reaction time.

Normal Grip - Distance at which an operator can grip and operate a control without

extending the shoulder.

Operator Compartment - Fully or partially enclosed operator workstation.

Operator Work-Station - Any location on a mining machine at which personnel routinely

operate, tram or otherwise control machine functions.

Optimal Control Space - The space encompassed by the normal reach and normal grip

range of an operator with shoulder pivot point held fixed.
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Panic Bar - Emergency de-activate or de-energize device actuated by gross body move­

ments or when brought into contact with a structure, a wall or the operator's body.

Percentile - Percentage of the population equal to or smaller than the dimension given.

Primary Controls - Most frequently used or most critical controls.

Primary Displays - Most frequently used or most critical di~plays.

Repositioning Station - A position other than a tram station at which a machine can be

maneuvered in the work area.

Seat Pan - Bottom of a seat providing support to the buttocks and thighs.

Seat Pitch Angle - Angle between plane of the seat pan and plane of the compartment

floor.

Seat Reference Point - The undefiected point at which the seat pan and backrest meet,

located approximately l02mm to rear and 56mm below the hip point.

Secondary Controls - Less frequently used or less critical controls.

4. Workstation Design

An operator's workstation is defined as any location on a mining machine at which

personnel routinely operate, tram or otherwise control machine functions. Table 1

identifies representative type of workstations for the eight categories of machines

included here. This table will aid the reader in relating comments about specific

workstations to applicable machine categories.

A number of human engineering design points should be addressed when designing

workstations for underground coal mining equipment. The first is the physical size of the.
worksation itself and the operator's position within it. Since lower seam mines have

insufficient seam height to permit an erect seated operator position, the operator must

assume various reclined positions. This posture becomes more supine as seam height

decreases. More fully reclined positions demand careful placement of hand and foot
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controls for operators in this biomechanically disadvantaged position. If the workstation

does not have a seat, the operator may be required to stoop, kneel, or crouch in order to

operate the machine. Again, attention must be paid to the design and placement of .

controls to ensure safe, efficient machine operation. If the workstation has a canopy over

it, additional design allowances must be made for canopy support structures, operator

visibility and operator head clearance while wearing a hardhat. Finally, the dimensions of

the workstation must be sufficient to permit relatively free arm-to-eontrol movements

and operator ingress-egress.

A second factor involves the design and placement of the controls within the

workstation. This is critical in confined areas where space for controls is limited and

operator mobility restricted. Control activation force interacts with body posture, thus

necessitating design forces that can be competently handled in a supine, semi-supine, or

crouched position.
Table 1

...,..Hntatl,. WOrbtatlon. By Machine~

• 0.-- ,.. DrlII AMllIery......... ........ ........ ........

II 11 II 11 It 11 II :1
~.

",'p-,c....,

LOADI'" X,
CUTTPS X

Mel DflIWl X

ROOF DIIILLS X X X X X

CONTINUOUS MINIRS X

ftPSONNIL CAIIIIIIIIS X X X X

SCOOPS • IIAIIC.UlI X

IHUTTLICAM X X

UTlUTY VIHICLU X

A third factor is the operator's posture and body support within confined or supine

workspaces. If the operator is reclined, additional support under the buttocks, back, and

head should be provided to reduce control input errors, machine motion induced injuries,

and operator fatigue. Design parameters such as seat pan angle, backrest angle, headrest

angle, and seat position within the compartment must be considered in order to optimize

control of the machine and ensure the protection of the operator.
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A fourth factor is operator visibility. Workstations must be designed to permit

operators minimally obstructed visual contact with critical work areas, machine compon­

ents,. workstation controls, displays, and other personnel.

Other factors to be addressed include operator isolation from vibration and noise,

acceptable ingress-egress opening size, provisions for emergency escape routes, operator

and passenger restraint systems on moving vehicles, protection of passengers on transport

and utility vehicles, and accommodations for personnel safety equipment.

The following sections provide guidelines and "tools" for addressing the above issues.

Supporting documents listed in the References section of this report contain additional

information.

ANTHROPOMETRIC MEASUREMENTS

Of the hundreds of anthropometric measurements possible from the human body, 25

measures are required to design most operator workstations. Figure 1 summarizes

relevant anthropometric measures for the design of mining equipment. The data

presented are for the 5th percentile female and the 95th percentile male. Since the

measures are for the lightly clothed individual with no miner's hardhat, battery pack, self­

rescue unit or hand tools hanging from the belt, the values represent minimum dimensions

for each size category.

Table 2 lists additional space requirements for various items of personal protective

equipment typically found in the underground work environment.

Table 2

Supplemental Space Required For Personal
Protective Equipment .

.
Item DetlCllptlon Add To He'iht WIdth Le"itft

MIner'1 Hard Hat head SGmm (2") 50mm (2") 50mm (2")

MIner'1 loots (leather) foot 25-5Omm (1 • 2") 25mm (1") 25mm (1")

MIner'1 Iootl (rubber) loot 12mm ('I. ") 12mm (V.") 12mm ('I.")

Olawel (lliht) hand - - "12mm ('I.")

Olawel (heavy) hand 12mm ('I. ") 12mm (V.") 12mm ('!I ").
Battery Pack .allt - 50mm (2") -
Self Aeacuer wellt - 17mm (3'1.") -
Flame safety Lamp .allt - 5O-I5mm (2") -
1,.lthlfti App. (..If-eontllned) wellt - 75-125mm -(3·5'')

Unltl In mml(lncnel)
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IODY LENGTH (Ll "lIGHT (H)••
lUTED POIlTION

lIInltnun ".,.,... 1I1nl_ ........
[ ~

I j. MO_ 1000_ 1aa_ 11OD_
(J11n.) (11.4 In.) (40.4 In.) ca.a In)

~ L r

~-r MO_ 1010_ -- 11OD_

.~
(J11n.) (IU In.) (11.1 In.) ca.a In.)

L.-.J

I~--r
1210_ 1"1llIlI MO_ llO_
(...2In.) (11.1 In.) C2I.2 In.) .1 In.)

l~T
1I0Il_ 1100_ 100_ --(M.' In.) (13 In.) C2U In.) 12... In.)

~~
17110 IllIlI 1100_ I0Il_ 110_
(II.I1n.j (7U In.) (11.7 In.) 12U In.)

~L~

r-=6fI
11711ll1l1 1110_ -- --(7U In.j (7U In.) (1U In.j CIU In.)

~~,.[

:IlOO _
21OD_ -- --(7L71n.) (12.7 In.) (1U In.) (1"1 In.)

I L I

~l
m_ IllO_ -- 11OD_
(M,41n.) (M.41n.) (11.1 In.) 14:1 In.)

TABLE 3

Body Lengthl ••• Function of Se.ted Po.tu...
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OPERATOR COMPARTMENT DIMENSIONS

The minimum interior height and length for a fully or partially enclosed operator's

compartment (cab) is a function of the operator's size, seated posture, seat design, and

control inputs required. The width of the compartment is impacted by seated posture, cab

length, control placement, and control actions required.

Cab Height and Cab Length - Table J summarizes body length and seated heights

for a number of work postures typically found on lower seam coal equipment. The

minimum length shown is for the 50th percentile male with light clothes and boots. The

heights shown includes the miner's hardhat and the recommended two-inch minimum

clearance between the hat and the underside of the compartment roof.

Seated Operator Body Width - Shoulder breadth is the relevant anthropometric

dimension needed for establishing seated width requirements for normally seated or supine

personnel. For most individuals, shoulder width provides sufficient space for the

accommodation of battery packs and small handtools hung from the belt. If personnel,

however, sit cross-legged or with their knees to the chest, additional width is required.

Table 4 summarizes minimum and preferred compartment width for the 5th

percentile female and the 95th percentile male miner. The values reflected in this table

are for individuals with light clothing and carrying battery packs.

Table 4

Minimum And Recommended Compartment Width

SEATED POSITION MINIMUM RECOMMENDED
lib "'rcentll. ISttI "'rcentl"

Nonnelse.ted 432nun (17.0 In.). 521mm (20.7 In.)

ero.. ....ed IIOmm (25.8 In.) 710mm (21.5 In.)

Knees to Chest IOOmm (23.8 In.) I25mm (2U In.)

lupine 4IOmm (11.0 In.) IIOmm (22.0 In.)
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Operator Reach and Visual Envelopes - Figures 2, 3, and 4 summarize seated

operator arm reach and visual envelopes for representative 42", 32", and 22" high operator

compartments, respectively. These values define the primary visual and reach envelope

for the 5th percentile female and the 95th percentile male. It should be noted that as the

cab height is decreased, the individ~al's primary visual envelope is reduced. This is the

result of decreased head mobility resulting from the chin contacting the collar bone and

the shoulder when moving from side to side and from restricted up and down head

mobility.

OPERATOR COMPARTMENT INGRESS-EGRESS

For machines equipped with fully or partially enclosed operator compartments or

tram stations, the ingress-egress opening should permit rapid unobstructed entry and exit.

Table 5 summarizes recommended entry widths and heights for various common seam

heights. In addition to the physical dimensions, the following entry design practices

should be incorporated:

o Operating controls should be designed and or located so that they
cannot be kicked, bumped, or inadvertently activated during operator
ingress-egress.

o Hand grips and foot "olds should be provided to facilitate entry and
exit, where possible, especially on lower-seam machines. Hand grips
and footholds should not intetfere with emergency egress.

o Ingress-egress openings should be protected from potential fires,
shocks, or mechanical hazards.

o Entries should be designed to be free of blockage or obstruction
created by other machi':1e parts in the event of collision.

o For 42/" and lower-seam height machines, ingress-egress opening
widths should be increased by 50 percent over the value listed in
Table 5, if possible, to permit the operator to swing legs and feet into
the compartment rather than having to entering feet first.

Table 5

Recommended Ingress·Egress Opening Dimensions

ENTRY WIDTH ENTRY HEIGHT

COMPARTMENT HEIGHT
Minimum P,.f.rNd Minimum P,.f.rNd

1211mm (....0 In.) and O".r 580mm 1200mm 1180mm 1500mm
(22.1 In.) (47.2 In.) (....5 In.) (51.1 In.)

114mm (31.0 In.) to 8eOmm 1200mm I80mm 10SOmm
121lmm (....0 In.) (21.0 In.) (47.2 In.) (33.1 In.) (41.3 In.)

114mm (31.0 In.) and Under lIIOmm 1SOOmm 580mm 880mm
(21.0 In.) (18.1 In.) (22.1 In.) (33.1 In.)

(Adapted from R.f. 7 and R.f. I)

185



51 III
I

I4ZZ_

lIN IN

!lOlli-mil.,---r--,---r----..:::r~---n-11I---:7777'r.. ///-r-.,....,--r\---,. r::::r--."...-~....,

17'- v ,\ ,V,la lei
4Cl"-1I111---r--r--t---t-r-6'f'-.::.:;f·--t--f--~--:i~~---4';--I--1_-17 /~·I;-r-........ 'v,/X:
3OU-

1U-r-t----,r--r--it,t/r....-jfIjfr--~.....~it~~:--~"'~~/jt~,~'\~41;...--I1--+--l
'-f---f---l--I---H rt/ I ...... LI \ ,eosll- ••- " I~

{I .... i'.... ,\ : .D

i I .... I................. ~.r..fi\. 1:10&.- 4.1-r--t---t--+--Hr-H::--t--t--J---1~-d'::.j..-.~'-\-'+-I~:""IL-l
., \ \ \ :. \'.~)/I-

I II _ \ / J.°- ° -+--,,~I- --;---If- - I :I - I I - --+-.Q-li

101 L- 4L,-t---+--+--1---+If-+'-H' I I-- '"~~~l-
I I ( ......... l..-'7 ,.,11 E
I \ "' ...... v / J ·,·.0

Z03L- ILT---r--j--:---+--Hh-ttl-t--t--,f~?"1f---t-..,LjI--4~--~L:.-l

-t---1--+--+--H-'~\" ~ ~/~ \:r" / '.3~L-IZL~ \1

1- II' ~ I -/ "II~ I
"\ 'f't..x~ to-..... I

401L- ..L-t---t----r--+--+--T-t~4--+--+-+f__,~~-4_+_-I-_l-_l

IOIL_ZOl.,-r---rI---+---t-"""'9-~~\\"'-\,~I~I:-¥rV:..-.'-t--""....;:.. ""-!::!.-..~+.-0~
.. 'NO J • 12 II ZO Z4 ~ S~ 3lI 4Cl ~ • J

I I l I I I I I I I I I I I
•• 0 101 lOS 301 401 !lei 110 nt liS .... lOll III' 12. 1SI1

Figure 2:

51111
I

1422_

!Z
I

lUI

PLAN VIEW

~ 20 ~ II ~ .11 4Cl 44 •
I I I I I I I I I

«II !lei 610 111 113 I" De 1111 IZII

SIDE VIEW
& Reach Envelope For A 42" Cab.Visual

, I I I 1//I7/'
K~

I I

9~"J6 MALE /
-f-5CJrt FEMALE

----~·I ~I 7/ ,p-i",".. - ,.

~
\ '1- .... -. i. ~:~- r - f-'::::-.; _... ----::I

• I I II -=--~

7' 11, , V ....,~K~ , )-I , I \ ~
V\

~ \
"I I .......

I /'

~ ""
r 5,' /,

\ ",' '"......./ i , ·0

\ \/V I >/ I
\ -( ..... IT / 1 /

~
/\ ;I

,
/ 7...... ' \ " ./, . ',.

\ .\i r-. ,
/ " I

if 1/X \
, /....-... --- I-1\ \ ... \ rxz ........... -,;

)-- 1-_-~
.

i'..... ... /"" ~~
,

II, J

\ ( ' ...
~ \ ~ \ ~V /,

1\ "

I~VJ/
"""""

~-- .I
f\-. t--- ~+SAP

I I .0- 0

..... 0 4
I I

lIN 0 IDZ

liS-sa

101- 4

!IOI-ZO

110-24

711-21

114_.

203- •

.. III

111'-44

H36



" ~ M ~ ~ u " ~ ~ M • n.
I I I I I I , I I I I I

711 112 '14 10.. 1111 12.. 1311 I4U IH4 ... 11&7 ... _

I f~
./ '<; ~:/ Q

k-
-( ~

~
\

~!I
I I \

\ I

-iI /I ~ "'" I i\I ' .. ,
~J' .... I I, , "' , Jh \ ..,

I " ,
\ 1\'"I 1 " "I I \ ' .. IV ,_ .......

~j
i-

\ \ \ . ,'.
~- I , - -

"
-~ 'to ~,\t..

~

I f 1
....... I ;"- ./ "'-

I I I'
.... ,'1' 'ft./' V.1,;

...tY\
,; I c.o

\ .\.... /
\ ,; \ V I /~ \ ~11 .. /

,

-\ IJ \I p( I

X\ ' L"
I

\ \<"'" '........ If',,
~ Q

"

ZOSL- IL

0- 0

10&- 4L

JO!L-IZL

10_ I.

101.- 4.

IO$_-Ila

- ..,o..-zo_

'IlOIL-IOL

... I. II 20, &4, I
... 4CM .. 110

PLAN VIEW

..
I I I

&1 1717 IR' ...
·1
ICII

, I
II! • 114

I
711

I ,
.. 110

I
401

I I
Btl 3llI

I..

I I I I / '1
1ft

/ -............... .... - -- rY95 % MALE - -...!-- ~ .,
-I- 5% FEMALE ----- I,' ,l~r- ro-_ \,. I .......... -...........~,-- --- .. -:...(.,~.. ; - I

; I

"
\ }- .... " y :1. /N z, . ........ ~ ~

\,

I I \~ .. ,

V / ,-
I , "" .... \ '/ I & I VI .
I \ .... '

~v ;' I / ~/\ ~ .... "" I
h " I

\
~ fr V -

1\ \ \-"M~ < I

/\ /' /.... -, , I

~ "- " I ~ I /'"
~~-- • -\I \- -~ .... 1,,/

~ --- -- --- ,-
\

..
~ " A:r' \ \ 1- .tL:

",

~
\ r--- I---..
\

, ...--
0 4 II • Bt !4 II ,.

~ 44 .. !la 10 .. .. 71
0- 0
... 1M

l1li L

-'-to

1Ol-4

110-&4

8- I

SID£: VIEW
Figure 3: Visual' Reach Envelopes For A 32" Cab.

187



11M '"

.. lItll
, I

1711 IUI_

• • 10, ..
I I I

ISII 1411 ISM ...

..
I

II"

40 ..
I I

IOIe Ill.
~

I....
)Z

I
liS

ZI
I

711

/ I'
,

~ \ :1/
I , I

" 1.tl 1/ ".........

~
,

f'\" \ Q r\
I

I.

I i' / ,
f \/ ........

~lit
, I T ....... I

I I Ifr ............ '- '''''' J 1\1I '- ..... ~\' I t'-.......

\
....... \ 1,- .....

~:r~
,

~
..... ~.

0 '" \ - - - .- , , II' ~
, ~

- ....
f f. '" ~ ..-4L

,
" I t-

o

I , ,. / 1-'\ Y v" / "
\ \ / , / 'DI\y ""IL
\ \ " "" v /T \ ".

./ ,
\ \

L .& \ I I.\ ~I{ " \' y II
....... ~ ~/'./ I

IL

\ \, \

~
I 1/, I,

I

0-

101L-

101"-4

SOIL-IOL
_ iii I.

I--
4OeL-1

PLAN VIEW

--..
!OI- 20 - 95" MALEt- ~ " FEMALE _

.. III Y
_ 0

SIpE VIEW

Fiqure 4: Visual And Reach Envelopes For A 22" Cab.

1~8



EMERGENCY EGRESS

An emergency escape hatch, opening or route should be provided for enclosed

operator or personnel compartments should the primary exit be blocked or otherwise

rendered unusable. The emergency escape route should exit towards the rear of the

vehicle or towards protected roof. Minimum emergency exit openings are summarized in

Figure 5.

PASSENGER SPACE REQUIREMENTS

Table 6 summarizes recommended design space requirements for passengers riding

on mobile mining equipment (exclusive of the machine operator). The values shown are

for lightly clothed personnel with boots and miner's hardhats. Height requirements

include the minimum two inch clearance between the hat and the underside of the

compartment roof. The seated width requirements for the 38" compartment assumes the

person's knees are next to the chest and the arms are wrapped around the legs.

OPERATOR PROTECTION

The folowing human engineering design recommendations focus on improving pro­

tection and efficiency. They should be incorporated, where possible, in the design of

operator workstations.

Protective Canopy - The operator's compartment should be provided with a pro­

tective canopy as required in Section 75.2720-1, Title 30 of the Code of Federal

regulations. The protective canopy should cover the minimum defined area as shown in

Table 2 or as much of the operator's body as possible consistent with visual requirements

of machine operation. Support structures for the protectbLe=canopystTottld--not--protrude

into the operator's compartment.

Exposure of Operator's Body - The operator's compartment should be designed to

insure that no part of the operator's body is exposed outside the canopy or the operator's

compartment during normal machine operation.

Extension of Canopy and Floor - The side of the canopy and the operator's

compartment floor should be extended a minimum of 10 inches beyond the side of the

machine if the operator is required to look dpwn the side of the vehicle or to reach out

from under protection to perform job related tasks.

Operator Head Clearance - A minimum of two inches (2") clearance should be

provided between the top of the miner's hardhat and the underside of the operator's

compartment or the tram station roof.
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Figure 5: Minimum Dimensions for Emergency Escape Openings (Ref 9).

580mm (23")

860mm (33.8i

~__l

Table 6
Passenger Length, Width, and Height Space Requirements

Compart· Lentth Width Height
ment height

min. ...... min. pre'. min. ......
..... 175 100 432 528 HO 1100

(34.4) (35.4) (17.0) (20.7) (3U) (43.3)

31" 1500 1100 100 125 175 100
(51.1) (70.1) (23.8) (24.8) 34.4) (35.4)

21" 2000 2100 450 580 410 520
(71.7) (12.7) (11) (22) (18.1) (24.5)

(Ref. 2)
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Rib Roll Protection - Where possible, safety panels, heavy mesh screens, or other

protective devices should be provided for side mounted compartments to protect the
I

operator from rib rolls or from collisions with pillars while turning.

Panic Bars - Each operator work station should be equipped with a panic bar,

emergency cut-off switch, or button. that can be readily activated using gross hand or foot

movements. If the moving machine or a machine component could entrap the operator

against the face, the rib or the side of the machine itself, a panic bar should be installed

so that entrapment cannot occur.

Operator Restraint Device - Seatbelts, access opening safety chains, doors, or

other appropriate restraint devices should be installed on mobile equipment to prevent the

operator from falling out or being thrown out of a machine while it is moving,

maneuvering or in the event of a collision.

Protection from Spillage - Guards should be provided to protect the operator from

spillage of materials from conveyor belts, scoop buckets, or other parts of the machine

while loading, transporting, or discharging material.

Noise Protection - Table 7 summarizes permissible decibel levels and exposure

durations as specified in CFR 30, Part 70, Subpart F (noise). The following recommen­

dations are to assist in protecting. the operator from excessive noise.

o Determine Potential noise Level - Potential noise in the operator's
compartment or workstation area should be determined in compliance
with the above cited regulation. Sources of excessive noise should
also be identitied.

o Isolate Operators Compartment - The operator's compartment
should be isolated, where possible, from direct exposure to high noise
sources by isolation, deflector shields, or other components.

o Improve Cab Design - The operator's compartment should be
designed so as not to entrap noise, or to reflect secondary sources of
noise into the compartment. Sound absorption and control materials
should be installed where appropriate.

o Warnings - If the interior sound levels cannot be reduced to permis­
sible levels during certain machine operations, signs should be
conspicuously posted within the seated operator's primary field of
view indicating that noise levels exceed permissible levels during
these operations and cautioning the operators to wear hearing pro­
tection.

191



Tabl.7

Permlsslbl. Noise Exposure Lavel. Over Tim.

Duration Per Day Nols. Lavel Duration Per Day Nol.. Leve!
(hours) (dBA) (hours) (dBA)

8 80 1·1 fA 102

8 82 1 105

4 85 IA 107

3 87 Va 110

2 100 v. ·1••• 115

(Ref. CFR 30, Part 70, Subpart F)

SEAT DESIGN

To accommodate the 5th percentile female through the 95th percentile male user,

four seat design parameters are critical. These include:

o Pan to Seatback Angle - This angle will approach 900 as the seat
back approaches the vertical position and will approach 1800 in cabs
designed for low seam mines.

o Pan Angle - The angle of the seat pan relative to the cab floor is
important for com.fort and for body support during rapid
decelerations or collisions.

o Seat Back to Headrest Angle - In partially or fully reclined seats a
headrest is needed to allow operators to effectively view their
primary visual areas over extended periods of time.

o Length of Backrest - The length of the human back varies greatly.
In order to accommodate a range of potential users, the length of the
backrest should be adjustable, if possible.

Table 8 summarizes recommended seat design specifications for three compartment

heights (over 36", 24"-36" and under 24"). These design values may be adapted to

individual cab configurations as necessary. For those applications where it is not

practical to include adjustable headrest-back-seat pan configuration, a curved transition

from the headrest to back support with a radius of 24"-32" may be used. Care should be

taken, however, to ensure that the operator's head is never locked into a position of more

than 450 relative to the back.

Where possible, vibration isolation should be designed into the seat-cab installation.
to reduce operator exposure to machine vibration, bumps, jolts and other mechanical

shock. An occupant restraint system or belt should also be incorporated to prevent the



TABLE 8
SEAT DESIGN AS A FUCNTION OF OPERATOR CAB HEIGHT

'AN UCKlO HEAD illEST HEAD illEST IEAT 'AN HEIGHT
ANGLE 'AN 10 lACK TRAVEL WIDTH' LENGTH OF

IIAT CONFIGURATION 1'Il1011 ANGLE ANGLE ALONG HEADIlEST lACK
IV SEAM HEIGHT !'LOOIII lACK WlDfH

1 .
4OlHOOmm130' • 1711"

1.·30' ,...111' 130' • 1711" 177.1_ 411·110_ 371·400_ (11- . , ...,.-or- I~
(J"') CW' 2lI") (1r .1..., Adjuetallle--~ .... ....111" (l2")....... ...: .-

'-1m - 1 1.·30'

t--~..J

t W..171" 4OO«lOmtn...... 1.· 30' 130'·17. 141" • 171" 177· • 411· 110 375·400 (1'· , .."

i·~
130' ·17. (J"') CW'2lI") (AdIua....,

.r-.. .-J'\ -(l2")

1§O, 30''\

f.~.-
,..:,.. ~'"

•• 211' 1.·1• 1110', ,.. 177· • 510 . All """ 375· 400mm 11. ,."

C> -m (J"') (2Il" .2r) (1r'l"" \A4I"'-'
O· 211" --(l2")......

(12")
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operator from being thrown out of the ,cab during a turn or hard bump and to prevent the

operator from being thrown into one end of the cab in the event of a collision.

Knee angle should be considered in designing reclined or supine seats when foot

controls requiring large forces are used. For foot controls requiring 75 pounds or more of

activation force, a knee angle of 135-0 or larger should be used.

VISIBILITY REQUIREMENTS

Visibility requirements define what the machine operator needs to see in order to

safely and efficiently operate a mining machine. Visibility defines what the operator in a

normal seated position can see. Several methods are available for determining visibility

requirements (e.g., Sanders and Kelly, 1981) and for assessing visibility (e.g., SAE XJ1296,

Sanders and Kelly, 1981).

Table 9 presents a summary of the minimum operator information requirements for

the categories of mobile machines covered by this document. It is, however, important

that operator visibility requirements be determined for each specific machine design.

Unique machine design features may require that additional critical visual information be

available to the operator.

MINIMUM TRAMMING VISIBILITY

When tramming, it is imperative that the operator be able to visually inspect the

pathway in front of the moving vehicle for at least the necessary stopping distance (NSD).

The NSD is defined as the distance needed to bring a vehicle travelling at maximum tram

speed to a full stop using the service break plus the distance the vehicle travels at a

maximum speed during the 2.0 second operator reaction time. Table 10 summarizes

necessary stopping distances for various machine tram .speeds. This represents the

minimum forward visibility from the normally seated tram position.



TABLE 9
MINIMUM OPERATOR INFORMATION REQUIREMENTS

8 !! """" l1oi. • •=. .. ii .. Zc ilI C l1oi
OPERA~RINFORMAnON c c ZIII lL C

~GZc

i
0 III iiC • 8~RlaUIREMENTS =111 l1oi 0 ... ""Zz u 9 cC 82 :Ii

8i ~ ~~
uc

;~u co .c

TRA..\fr1ING
• IIOlmON RELATIVE~ lUI, ROOF, CORNER X X X X X X X X
• &.OCAnON OF OISTACLE WITHIN NICESSARY

STOPPING DISTANCE X X X X X X X X
• SPEED OF MOVEMENT X X X X X X X X
• LQCAnON OF MACHINE WITHIN MINE X X X X X X X X
• CONDmON OF TRACKIROADWAY X X X X X X X X

LOADING

• IIOIITION OF TAIL 100M RELATIVE~
HAULAGI CONVEYANCE X

• AVAILAILI HEAD SPACE RIIIAINING X X
• IllATE 0' MATERIAL OFF TAIL 100M X X
• 1IOsm0N OF VEHICLE RELATIVE~ MINIR X
• IIOSTION 0' lLADI RILATIVE~ COAl. PILE' X
• LQCAnON OF OBSTACLES I HAZARDS X X X
• IIOSmON I HEIGHT 0' LOAD ON VIHICLE X X X
• POIlnON OF VIHICLE RILATlVI ~ ROOF

SUPPORT X X X
• CONDmON OF ROOF, RII AND FACE X X X

DUMPING

• IIOSITON RELATIVE~ DUMP lITE X X
• 1IOsm0N OF LOAD ON VEHICLE X X X
• LQCAnON OF OBSTACLE I HAZARDS X X X
• STATUS OF DUMP am X X X

EXCAVATION

• IIOsmON OF CUTTING HIADIIAR X X X
• AUGNMI!NT OF HIAD TO WORKING Mel X X X
• LQCAnON RILATIVE~ ROO' SUPIIORT X X X
• IllATE OF CUTTING COAL FROM 'ACE X X
• CONDITION OF WORK FACE X X

DRIWNG

• IIOSlnON 0' SPOT TO IE DRILLED X X
• PROGRESS OF DRILL INTO ROOF OR 'ACE X X
• LQCAnON/ACTlONI 0' 2ND OPERATOR X X
• POsmON RELATIVE ~ ROOF X X
• OBSTACLES AND HAZARDS IN WORK PLACE: . X X
• OISERVING TEMPORARY SUPPORT SYSTEM

'''OM CONTROL POlmON X
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Table 10

Necessary Stopping Distance Based On SAE XJ1329

NECESSARY
MAXIMUM TRAM REACTION TIME BRAKING STOPPING
SPEED DISTANCE + DISTANCE • DISTANCE
(mph) (It)· (It)·· (It)···

1 3.0 0.7 10.0

2 8.0 1.4 10.0

2.5 7.0 1.8 10.0

3 9.0 2.3 11.0

4 12.0 3.4 15.0
"

5 15.0 4.7 20.0

8 18.0 8.1 24.0

7 21.0 7.7 29.0

8 23.0 9.5 33.0

9 28.0 11.4 37.0

10 29.0 13.5 43.0

(Adopted From Ref. 11)
NOT E: • A••ume. 2 .econd reaction time•

•• From SAE Subcommittee 29, Working Group 8: Brake Standard. for
Underground Machine••

••• Value. rounded off to nearest whole number. Value Ie•• than 10 ft. are
assigned a value of 10 ft.

DESIGN OF CONTROLS

The principal human engineering considerations in the design of controls include;

direction of control input motion, physical size and separation of control input devices,

control lever displacement distances, control activation forces and control mounting

angle. This section presents a summary of design recommendations for hand and foot

activated controls.
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DIRECTION OF MOTION

Table 11 summarizes recommended control input actions or direction of motion to

elicit specific machine responses. These control inputs correspond to existing cultural

sterotypes and assist in reducing control activation errors.

HAND OPERATED CONTROLS

Table 12 summarizes human engineering recommendations for the design of hand

operated controls. In general, knobs, rotary switches, and small panel mounted levers

should be used for mode/rate selection functions. Hand operated levers such as hydraulic

valve controls should be used to initiate system functions, increase speed and to

raise/lower equipment components. Floor mounted hand levers should be used where large

activation forces or large displacements are needed.

FOOT ACTIVATED CONTROLS

Table 13 summarizes activation forces, dimensions, separation and displacement

recommendations for foot activated controls. Foot controls should be used when high

activation force or prolonged activation (e.g., in excess of 5.0 seconds) is required. Foot

controls may also be used to distribute operator functions to avoid too many hand control

functions. Foot activated controls' should not be used when the operator is standing on a

moving vehicle, when the control location causes the user to hold his/her leg in an

awkward or raised position or when rapid vehicle deceleration could impare the control

function.

Except for controls which generate continuous outputs, all foot pedals should return

to the original null position when the operator's foot is removed. If a control is located

where the operator may rest his/her foot on it between uses, sufficient-spring tension to

prevent the weight of the foot from inadvertently activating the control (i.e., 44N or 10

pounds) shall be provided.

Foot pedals should not be used for vehicle accelerators or brakes when the operator

is seated in a sharply reclined (600 or more) or in a supine position. Likewise, foot

controls should not be used for a sharply reclined or supine operator when activation

forces greater than SOON (112 pounds) are required.

Foot activated switches should be located for activation by the toe and ball of the

foot rather than the heel. A pad/pedal may be used atop the switch to aid in locating it.

A positive indication of activation should be provided, such as an audible click or snapping

feel. Only one foot activated switch should be used for each foot.
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T.bl.11

Recomm.nd.d Control Motion.

Control Device Dlrect~on of Input/R••pon••

Foot Ped.ls PUSH to: Actlv.t.
Acc.l.r.te (forw.rd)
Apply br.k••
Actlv.t. ret.rd.rs
lUm on/off
Eng.g•• function

RELEASE to: D••ctlv.t.
Dec.'.r.te
R.I••••
DI••ng.g.

Lav.r. PUSH to: Move forw.rd
(forw.rd) Incr•••e

Lower
Actlv.te

PULL to: Stop
(b.ckw.rd.) Mov. b.ckw.rd.

Eng.g. br.ke.
R.i••

Pu.hbuttons PUSH to: Eng.g./dlseng.ge

Rot.ry Swltche. TURN to: Incr•••••peedlvolume
(clockwl.e)

Toggle Switches PUSH UP to: Select • Function. Actlv.t•
Pu.h DOWN: DEACTIVATE

em.rgency Cutoff PUSH to: De.ctlv.te
Button/Switches

Cr.nk.lWh••I. TURN RIGHT: St.rt
Incre••e Speed
lUm to right
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TABLE 12
HAND CONTROL DESIGN SPECIFICATIONS

HAND CRANKS

...... ....... YngtII ....... 1IlUIeter ........... ............ .....RnIa.... 1IIIft.1leM'-

o.m __ I3.7S")

- - CI.G"I
.10_111") 230 _ (I")

1 N 121l11.1 22ll N ISO IlII.I

m·m --(3.71")
__ Cl.o") --.") 121_(1") 17 N.1lII.I 17 N (II IlII.I

m. .-Cl.I") 11_ (0.1") 1a-1oU"I 11_ (.I") 1 .. C21l11.1 22 N (I IlII.I

KNO. IllAIIETP

FInger GrMp M.............. 11-(0.1 ...... .-(1.1............ 71_(1.1 ...... 71_(1.1 ......'

HAN~RATED LIVIA DISPLACEMENT............. ................... ........ ...... ........
......... 170 _ (3I1n.1 __ et. In.l __ (14 1n.1110 _ (7 In.)

HANNND-A"" 0P£JlATID LaVD DlIPUCIIIINT............. ................... ... orll4_l31 ....... .. or 417 _ (II .....1

........ ... or 110 .- (24 IncMeI .or__ et2 .....'

MANNND-A"" 0HJlATID LIVIA USISTANCI.............. ........ 41'...... 22M IS"", 11 N (2.I1lIL'......... 222 N ISO IlII.I m N (2S 1bL'
"..... m N (2S IlII.I 44N (to ....,

CONTROL IIPARATlON

0nHt.... ,................ .-12......, 7I_CS ......,

"..... --14......, 12I_CS ......'

(Adopted Ffom Ref. 2 and Ref. I)

HANDWMUL

....... .--. -...-.
,.... 2M.... 'M.... 2Mand

............. .-C2"l 110 (7") 22 N 15 11M.) 22 N (SIlILI........ 110 _ (4.2S")
lID (21") ,3a N (10 ...., 220 N (SO 1lIL)

HAND GRIP FOR HANDIARII LlVEflS

..........lll--.. ._1.75 ......'

.........lll--.. • _ et" IncIlMl

1IInlIn_ lAftIlII • - (3.7 IIIcfIMl

HANDoOIlIAATID LIVIA RlllSTANCI

..,......VlIM
.........

I
1 N 12 IlII.I......... ,.N (10 IlII.I

JIUIH IUTTON.

~
Dla. Hand .......- Dla_teto,enled

1IIn. ,1_(..21")
- - (.71'")

2.1 N (10 011 ._ (.321"
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TABLE 13
FOOT ACTUATED CONTROL DESIGN FEATURES

FOOT CONTROL ACTlVAnON FORCE

Nonnally Seated Operator 10' • 45' Reclined or Supine Operator 458 • oa
Minimum Maximum Minimum Maximum

Foot Not R.stlng
on Pedal 11 N (4Ibl.) 10 N (20 Ibl.) 11 N (4Ibl.) 10 N (20 Ibl.)

Foot R.stlng on
tt.dal 45 N (10 Ibl.) 10 N (20 Ibl.) 11 N (4Ibl.) 10 N (20Ibs.)

Ankl. FI.xlon only
to Activate - 45 N (10 Ibl.) 11 N (4Ibl.) 45 N (10 Ibl.)

Total lAg Mowem.nt
Requlrad to
Actlvat. 45 N (10 Ibl.) aao N (110 Ibl.) 45 N (10 Ibl.) . 400 N(IO Ibl.)

CONTROL DISPLACEMENT AND SEPARATION

Nonnally Seated Operator eoa •W Reclined or Supine O,.,.tor W • oa
Minimum M..lmum Minimum M..lmum

With H.ftY Boots 25 mm (1.0 Inch) 15 mm (2.5 Inch.s) 25 mm (1.0 Inch) 15 mm (2.5 Inches)

Ankl. FI.xlon 25 mm (1.0 Inch) 15 mm (2.5 Inch.s) 25 mm (1.0 Inch) II mm (2.5 Inches)

Total lAg Mowem.nt 25 mm (1.0 Inch) 110 mm (7 Inches) 25 mm (1.0 Inch) 100 mm (4 Inch••)

PEDAL SEPARATION PEDALANQLE

~pe of Us. Minimum M..lmum Se.t Back Pedal Angl.-

On.Foot Random 100 mm (4 Inch••) 150 mm (I Inch••) NornuII 758 to eoa
O~Foot Sequ.ntlal 50 mm (2 Inch.s) 100 mm (4 Inch••) Reclined Wto loa

Supine 3CJ'I to 458

(Adopted From Ref. 2 and R.f. 8)
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Table 14

Relative Advantage. And DIsadvantages of
Various Method. of Control Coding

TYPE OF CODING

ADVANTAGES l.DCATlON '""" lID 110010' LAIlUNG COLOll
OI'IllATlON

.M'lloya VIIUA&, lC lC lC lC lC
IDINTlI'lCATlON.

,M'lIoya NONVISUAl. lC lC lC lC
IDENnFICATlON (TACTUAL AND
IUNESTHEnC).

HELl'S STANDAllDIZATlON. lC lC lC lC lC lC

AlDS IDINTlFlCATION UNDEll LOW lC lC lC lC I'M*! "- I'M*!
I.IVILS OF ILWMINATION AND 1IlunIiMted) Iren..
AND COLOllED UGHTING. IIUIIlnated)

MAY AID IN IDINTIFYING lC lC lC
CONTIIOL !'OSITION CUTTINGS}.

lllQUllla UTTLIIF ANY TRAIN- lC
ING: IS NOT SUIJICf TO
FOllGlmNG.

DISADVANTAGES

MAY lllOUllll1lCTllA SPACE. lC lC lC lC lC

AFPICI"I MANIIlULATION 01' ""I lC lC lC lC
CONTllOL CUll OF USI). .
UMJTm III HUMIIll 0' AVAIl, lC lC lC lC X
CODING CATlGOIIIIIS.

MAY II LIU E'FlCTlVl IF lC X X
OI'EllATOll WUllS QLOVU.

CON11lOU MUST II VltnnD X X
(1.1., MUST II WITHIN VISUAL
MUS AND WITH ADIQUATa .....
WMlNATlON 'IIIU1NT).



CONTROL CODING

Coding methods such as location, shape, size, mode of operation, labeling and color

should be applied to minimize operator error. Two or more coding techniques may be used

simultaneously to enhance discrimination of controls. Table 14 summarizes the

advantages and disadvantages of eact'! type of coding.

UMB SUPPORT

Appropriate limb support should be provided for panel, sidewall, roof, or floor

mounted controls as summarized in Table 15. If limb support can be provided by the

control input device itself, and if prolonged periods of control activation are not required,

additional limb support may not be required.

If the operator is in a supine or reclined position, foot action other than ball-toe

movement should not be required. Similiarly, foot activated controls should not be used

to control machine tram functions unless provisions are made so that one foot is fixed to

provide operator body support during rapid deceleration.

Table 15

Recommended Support for Hands and Feet

'TYpe of Control Input location of SUPpOrt

Large Hand Movement Elbow
Small Hand Movement Forearm
Finger Movement Wrist Area
Foot Movement Heel of Foot
Knee (side motion) Heel of Foot

CONTROL LAYOUT

Several methods are available for optimally locating controls in a workstation (ref

14). In brief, these methodologies include the following steps:

o Conduct Task Analysis - Walk-through operation of the machine
with the proposed control configuration and determine the frequency
and criticality of each control action, control input patterns, and
identify potential safety related problems.
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o Prioritize Controls - Prioritize controls on the basis of frequency of
use and criticality in completing task.

o Group Controls Based on Priority - Group controls as either
primary, secondary, or tertiary with respect to task completion and
operator safety. Primary controls are frequency used controls and/or
controls critical to the completion of the task. Secondary controls
are less frequently used controls not used in completing primary task.
Tertiary controls are controls not frequently used and not task
r~a~~ •

a Layout of Primary Controls - Configure primary controls in the
operator's primary reach and visual envelope as defined by Figures 6,
7, and 8. Primary displays should be configured within 15 degrees
laterally of the operator's median plane and within 30 degrees
vertically from the normal line of sight from the seated or designated
work position. Task related controls should be grouped together and
sequenced to correspond to actual sequence needed to complete the
task cycle. Safety related or emergency controls should be located
proximal to most frequently used controls or to the controls they
counteract.

o Layout of Secondary Controls - The less frequently used controls
and displays should be located in the operator's secondary reach and
visual envelopes. The secondary visual envelope is defined as 30
degrees laterlly on either side of the operator's median and within 30
degrees vertically of the normal line of sight.

a Tertiary Controls - 'Tertiary controls and displays are noncritical or
infrequently used, or maintenance related units and may be located
outside the operator's primary envelopes. If located within the
workstation, they may be located within 94 degrees of the operator's
median plane.

Table 16 prioritizes major controls for the various categories of m~chines. All

controls should be reprioritized based on the specific application and the machine they are

used on.

Figures 6, 7, and 8 identify the primary and secondary control location zones for a

42", 32", and a 22" high work place. These values are for both the 5th percentile female

and the 95th percentile male operator.

As a general rule, designers of workstations should begin with the seat reference

point (SRF) and the seat design should then be completed. The operator's shoulder point

and eye reference point should then be established. Primary controls and displays should

then be located relative to the normally seated position (e.g., shoulders against the

backrest) or the normal operating position ~e.g., centered in the workplace). Displays

should be laid out relative to the normally seated eye reference point. Routine use of

primary controls or reading of primary displays should not require the operator to move
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his/her shoulders or hea~. All safety related controls and displays should be included in

this primary ione. Secondary control activation may require limited shoulder or head

movement while tertiary control activation may require whole body movement.

Operator controls should all be designed or selected for use in the underground

mining environment. For example, critical controls should be protected from roof falls,

collisions, inadvertant activation by entering or exiting personnel or damage or action by

shifting loads. Controls should be designed so that they cannot be rendered inoperable

through the accumulation of dirt, mud, coal or other obstructions. Similiarly, they should

also be designed and installed to facilitate maintenance or replacement. Control design

and placement should be standardized from machine to machine for each workstation.

DESIGN OF SPECIFIC WORKSTAnONS

This section presents recommendations for the design of specific workstations

unique to one or more categories of machines.

DRILL STAnONS (SINGLE POSITION)

Roof drills with a single drill station should incorporate the following additional

recommended practices.

o The drill station should be designed and located to keep the operator
under the protective canopy or roof support system at all times. The
operator should not have to reach out from under the protected area
to activate controls, inspect drill penetration, or access drill steel or
roof bolts.

o Canopy controls should be located so that the canopy can be raised or
lowered without contacting the operator's body. The operator should
not have to crawl under a lowered canopy in order to elevate it to a
work position.

o The drill station should be designed so that the operator has an
unobstructed exit route down the side of the roof bolter towards
protected roof when he/she is bolting close to the face or rib.

o Panic bars should be installed to prevent the operator from tramming
the bolter onto himself/herself or from pinning himself/herself
against the face or rib.

o Repositioning or "inch" stations should be located down the side of
the bolter so as to place the operator under protected roof.

o Hand grips should be installed on a protected area on the side of the
drill boom for the operator to use to maintain balance and to provide
the operator with tactile feedback as he/she drills. .
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o Automatic temporary roof support (ATRS) controls should be
installed towards the rear of the roof drill on the tram station side of
the machine and under protected roof.

o Stab jack controls should be located so that the operator cannot
lower the jack on his/her foot.

DRILL STATION (DUAL POSITION)

. Roof drills with dual drilling stations should have the following features:

o Controls for each drill station should be located to permit~
visual contact by the two operators. .

o Repositioning stations or controls should be located to permit direct
visual contact with the operator at the other drill station.

o Mirror image control configurations should be avoided, where
possible.

o Temporary roof support controls should be located where the user can
observe the drill station on the other side of the roof drill.

o Both drill stations should be designed to permit emergency escape
down th side of roof drill towards protected roof.

TRAM STATIONS

For mining machines with designated tram stations, the following recommended

practices should be included:

o All tram controls should be designed so that the operator must be
completely inside the operator's compartment in order to move the
machine. Operators should not be able to walk alongside or ride on
the top of the machine and operate the tram controls.

o For machines with sharply reclined seatbacks (e.g.,; 45 degrees or
more) or with supine operator positions, footrests, handholds,
bumpers, or other body support devices should be provided to permit
the operator to brace himself/herself against rapid decelerations,
bumps and other machine movements.

o Tram station controls should be designed to minimize operator injury
in the event of collision or impact.

o Tram station visibility should be adequate to permit the operator to
visually inspect the roadway a minimum of the necessary stopping
distance ahead of the machine when tramming at maximum speed.

DUAL DIRECTION TRAM STATIONS

Shuttle cars, personnel carriers and other vehicles equipped with dual direction tram

stations should incorporate the following recommendations:
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o Control input should correspond to the direction of travel of the
vehicle. An accelerator, for example, should be pushed down or
forward to increase speed, regardless of the direction of travel of the
vehicle.

o Where possible, one set of controls should be provided for each
direction of travel.

o A direction of travel switch should be included which clearly indi­
cates which direction the vehicle is configured to travel in.

o Controls which require the operator to reverse control inputs as a
function of the direction of travel should be avoided.
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