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view for large trucks used in the mining industry.

viewer (BAV).
side of the BAV 30°.
by long-term, in-mine testing.

able.

areas and hazardous situations detectable.

The objective of this project was to improve a driver's field of

Rearward viewing

was enhanced by improving the rear-view mirror designs.

was accomplished using a closed circuit television system.

head, to the right, and downward were obtained with a blind area

The BAV is a unique combination of fresnel lenses

housed in a shielded, envirommentally protected enclosure that pro-

duces an image of the area in front of and downward 70° and to either

The improved visibility devices were evaluated-

The right side mirror (RSM) and BAV provide

the greatest improvements for the least cost and are commercially avail-

Application of the RSM and BAV should achieve a reduction in ac-

, cident potential and greater vehicle productivity by enlarging and im-
proving the equipment operator's visibility and making priviously blind
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FOREWCRD

'This report was prepared by Tracor “8A (Zformerly BAssociates)

tiatac

of Califormia, under USBM Contract H0262022. The contract was in
under the Federal Coal Mines Health & Safety Program. It was administered
under the technical direction of Twin Cities Mining Research Center with

Mr. Guy A. Johnson as Technical Project Qfficer. ¥r. R. J. Simonich was

the contract administrator for the Bureau of Mines. This veperz, Veolume IT,
is a summéry of the work recently completed as a par: oI this contrac:k
during the period May 1978 to January 198! and was submitced by fhe auzhors

on 29 January, 1982,

Volume I of this repcrt was submitted cn 2zril 30, 1973
and covered the period of this system's develepmentc andéd inicial im-mine,

on-vehicle testing, June 1976 to April 1978.
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EXECUTIVE SUMMARY

Large rear dump haulage trucks used in surface mining
cperations have a severe problem with restricted driver wvisibiliew
(or field-of-view). The driver cannot directly see larze areas adjacent
to his haulage truck. These blind areas can conceal from the driver larze
utility vehicles, pickup trucks, cars, perscnnel, structures and road
hazards, resulting in dangerous situations. Analvsis of blind areas,
haulage truck operation, usage, traffic situations, accident historyv and

environmental factors reveals that present visibility aids (mirrors) are

and rear areas arcund the typical haulage truck. The probtlem tecomes
acute in shovel, dump and utility areas in the typical suriace nine.
The benefit of improved visibility is a reduction in the accicdent porten~

tial and substantially less property damace.

Based on visibility needs, an improved visibilitv systenm
was developed during Phases I through IV of this program. The Sirst
generation hardware was demonstrated on an actual produc:zicn haulage
truck to evaluate its effectiveness, prove the design concepts and
investigate design improvement. The system consisted of a larzer lel:
rear-view mirror assembly, a rectangular convex right =mirror, a unicue
blind area viewer and a ruggedized CCTV svstem. The 3lind Arza Viewer
is the first application of the fresmel lens concept o :the sro>lex

of mine haulage truck blind areas. The investigaticn ca

(1]
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Phases 1 through IV of this project was reported in Final Repor:z, ~oiume
I, which can be obtained from U.S.Department of Commerce, MNaticnal
Technical Information Service, Publication Ne. PB 286063, "Imoreved
Visibility Systems for Large Haulage Vehicles" MBAssociates, San Ramon,

Czlifornia, 30 April, 1978.

The left mirror is a nine-inch wide bv twentv-saven-izch
high mirror, with a small convex mirror attached. It was desizned Zor-

ease of mainterance (glass rerlacement) and provicded an

3
o
o
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)

1
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!

of the lert side rear area including orientation feztures such

Reproduced from
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ground at the rear tire and the tcp edge of the lcad bed. Both of

these features are needed for efficient operation of the wvehicle.

The right mirror assembly is a rugged 12 by l6-inch recc-
angular convex (spherical) mirror with a 20-inch radius of curvature.
The rectangular shape gives the optimum view configuracion with a com-

pact shape for mirror protection.

The Blind Area Viewer (BAV) 1is used to view the blind
areas forward and to the right of the driver. Two units can be used
for adequate coverage, front and right side., They are mounted on
the engine head and on the right deck. Each BAV increases the driver's
downward angle of view by 70 degrees. This gives the driver a view of
objects within five feet of his truck as opposed to the driver's usual
60 feet to 70 feet wide blind area. The Blind Arez Viewer consists of
a three-element fresnel lens which provides a downward oriented 70 degree

vertical and 60 degrees horizontal field of view.

The CCTV system was designed to give the driver a view
to the rear similar to an automobile rear view mirror. It consists of
a ruggedized camera enclosure with a2 semi-automatic lens window cleaning
system. The CCTV camera is a tubeless CCD charge-cougpled type which
uses onlvy five watts of power at 12 volts. It has a wide angle, sutomatic
iris lens for extended light range, and blocming is eliminaced bv the CCD
device. The moniter is a standard CCTV type with the picture reversad

right to left for rear view orientation.

The visibility system eliminated &35 percent ci the

forward and right blind area and 95 percent of the resr blind areas

n

This is near total coverage of the areas that have an identifiable hister:
of accidents. The total visibility system (twe 3AVs, two improved
mirrors and CCTV system based on a totzl cost of about 57000) is co

st
effective for trucks of 170 tons or larger. Withoutr the CCTV, cne 3a7

o]

($650.00) and one right-side mirror (S8425.00) are cost eflective

L |

-

trucks larger than 85 tons.



During Phase IV of the program the system was shown to be
effective in a short term demonstration on a l30-ton preoducticn haulage
truck. It was then subjected tc long term in-mine testing in four dif-
ferent mines located in Scuthern California, Wyoming, Mentana and
Minnescta. This long term in-mine testing (Phase V) resulted in the
design improvement of more ruggedized units to withstanding the rigors
of the mining environment and a lower profile BAV to eliminate objecticn-
able glare and sun reflection. These Imprcved models were also subjected

to long-term in-mine testing (Phase VI).

- The improved mirrors were very well raceived ov the
drivers who clearly preferred them over the available commercial models.
The Blind Area Viewers were found useful by the drivers, especially the
one mounted on the extreme right. The front mounted BAVs, although help-
ful to many drivers, were not judged to be as necessarv as the right side

BAVs., The drivers were usually aware of the possible hazards dire

0
[g]
7
T
u }

front of the truck since they have been proceeding or traveling in a

forward directionm.

The general response by drivers was that thev Ielt zwuch
more confidént while operating their trucks when they perscnallw~ could
see where they were going, and that the area was clear, rtather thean
naving to rely on cthers to direct them or trusting that nc cne woulc
get in their blind area. Thus, rthe overall effectiveness ol the svsten
developed is excellent. The most beneficial =ffect o the immroved
visibility is the achievable increased productivity in truck haulace.

A few seconds saved per cycle by a more confident driver, exderiencing
less tension fatigue during the maneuvering of his wvehicle in znd arcund
the lcad and dump areas, can readily result in an increased menchlvy

tonage hauled. The increased safety of operation aspect {redu

0
m
.

accident potential and cut tires) is a plus that should zlso Se czon-

sideread.

As a result of the favorable accestance 3 industzy of ks

Blind Area Viewer and the rtight side mirror, Tracor Y2Ba is :zurzenzlw

. =S <L TTRenCAT

offering these units as commercial products.

Reproduced from
best available copy.




1.0 INTRODUCTION PHASE V

1.1 Background

In Phases I through IV of this prcject an analysis was made
of 'large haulage trucks used in open pit mining evaluating the driver's
visibility, the truck's operation, traffic situations, accident histeries
and environmental systems in order to design, fabricate and in-mine test

4 prototype improved visibility system.

This previous work was covered in Final Repert Volume I
which can be obtained from the National Technical Informaticn Service,
U.S. Department of Commerce, Springfield, VA 22161, title "Izmprovad Vis-
ibility Systems for Large Haulage Vehicles'. Publication Mo. P3 2860634,

author, MBAssociates.,
1.2 Purpose

_ The purpose of this Phase V work was tc eveluate the vis-
ibilitvy aids developed during the previous four phases and, where feasible,
perform scme redesign to effect acceptance by indus:iry. Previous work
indicated that the improved visibility system could be verwv beneiicial to
industry by helping to reduce accidents and improve efificiencv oI cperestiocn.
This would result from providing the operators with greater visibilicy
and thus knowledge of hazards as they developed. Many accidents occur
because the driver or operator is unaware c¢f the development ol the

hazard that produces the accident.

By field testing over a relativelv long period im actual
mining environmmental conditions and during normal aining operations, the
visibility aids could be fully evaluated as to their functioning, dur-
ability and acceptability by drivers, mine managers and maintsnanca

personnel.

1.3 Objective

The main objective of the Phase V was to prove or disztrove
the performance, durability and acceptability of the visibilic: zizs

developed in previous phases by conducting actueal in-mine zests of

w

Reproduced from
best available copy.

reasonably long cduration.




1.4 Scope

To provide adequate data for a reiiable evaluaticn of the
visipility aids,'ten complete improved visibility systems, three with
CCTV systems, were fabricated and installed on three trucks in three
mines for long term testing. One system was retained as a spara. The
three mines selected were chosen for their extreme weather conditions.
One was chosen in the desert area of Southern California for its relativels
high temperatures and dust conditions. One was selected in the iron ore dis-
trict of Minnesota for its relatively low temperatures and frequent rain
and snow conditions. A third mine was selected in the Wroming/Montana
region which would exhibit both relatively high and low temperatures and
frequent rain and snow conditions. A third mine was selected in the Wrominz/
Montana region which would exhibit both relatively high and low temperature

extremes and rapidly changing conditicns of mud and dust.

The tests took place cver a twelve (12) nonth period in
order to give time to the truck drivers, management and maintenance per-
sonnel to get used to the novelty of these new visibility aids. It zalso
allowed for a full range of seasonal envirconmental conditions, and to de-

termine maintenance and replacement requirements.
Monitoring of the tests was achieved bv personal visits of
Tracor MBA engineers who inspected the visibility svstems and cuesticned

non

J
M

the equipment operators. This information was supplemented by tale

A
u

nances

inquiries to the safety directors, mine managers and varicus nain

perscnnel involved at the test mines.

At the end of the test the units were removed Zrom the :tes:
vehicles and inspected for defects or deterioration. All were returned to

USBM Twin Cities Research Center, Minmeapolis, Minnesota.

Reproduced from
best available copy.
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1.5 Mines Selected fer On-Site Testing

The mines utilized for long term field testing of the im-

proved visibility system were as follows:

California -~ Eagle Mountain Ircn Ore Mine
Kaiser Steel Corporation
P.0. Box 158
Eagle Mountain, Ca 92241
Mine Manager: Jchn 0. Englund
Safety Director: Wm. A.Eastgate
Minnesota - Erie Mining Company
Pickands Mather & Company
P.0. Box 847
Hoyt Lzkes, Mn. 53730
Mine Manager: George Lerick
Safety Director: Recbert L. Giuliani
Wyoming - Belle Ayr Mine
AMAY Coal Company
P.0. Box 3005
Gillette, Wyo. 82716
Mine Manager: Ed. Calahan
Safety Director: ULUon Hanew
Montana - Decker Cozl Company
P.0. Box 12
Decker, Montana 39025
Mine Manager: John Gable
Safety Supervisor: Garv Ueth
1.6 Truck Models and Sizes
The visibility systems were installed in 197% ca naulazs
rucks In the four test mines as follows:
May 1679 - Erie
Truck 7404 85 ton Unit Rig 2 BAV's, REL Mirrors
Truck 7411 100 ton Unit Rig 3 BAV's, R&L Mirrors
Truck 7423 170 ton Euclid 3 BaV'sg, R&L Mirrers
Truck 7430 150 ton Unit Rig 1 BaV, R&L Mirrers

* |Reproduced from &
" |best available copy.
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May 1979 - Belle Ayre

Truck 185 120 ton Wabco 3 BAV's, R&L Mirrors
Truck 227 120 ton Wabco 3 BAV's, R&L Mirrors
Truck 234 120 ton Unit Rig 3 BAV's, R&L Mirrors, CCIV

Removed BAV's - August 1979

Removed mirrcrs - January 1981

August 1979 - Tagle Mountain

Truck 474 100 ton Rim Pull 3 BAV's, R&L Mirrors
Truck 607 150 ten Terex 3 BAV's, R&LL Mirrors
Truck 615 150 ton Terex 3 BAV's, R&L Mirrors, CCIV

August 1979 - Decker Coal

Truck 24 179 ton Euclid 3 BAV's

Truck 29 170 ton Euclid 3 BAV's MR o
- , ) Reproduced f 2,
Truck 33 170 ton Euclid 3 BAV's ]<Pestmmnaugggbw |
i.7 Technical Description of Blind Area Viewer (BAV) Including

Installation and Maintenance Procedures

1.7.1 Blind Area Viewer Development

Although the development of the BaV was covered in Vol. X
it is being repeated because it is the most novel and immortant aspect

of the improved visibility systems.

The Blind Area Viewer is an entirely new concept in its
application to mine truck haulage. The Blind Area Viewer was developed
to help the truck driver see intc the blind areas to the front and righ:

of the truck. It is basically a fresnel lens (or flat leas) which has =

-,

well oriented, wide angle view precducing an image of the cscene

below the driver's unaided line of sight. A first gemeration 3lind Are

1]

Viewer 1s shown mounted on an engine hood in Figure 1.7-1.
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FIGURE 1.7-1
BLIND AREA VIEWER — FIRST GENERATION
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The main feature of the Blind Area Viewer is a downward
angle of view of 70 degrees combined with a wide horizontal view o¢f 60 de-

grees. This allows objects to be seen to within {ive feet of the truck,

This particular fresnel optical capability iIs unique in the
fresnel lens industry and the Blind Area Viewer is the first known application
of this particular fresnel concept. This {resnel unit consists of two

elements and is the equivalent of three lenses.

A commercially available single element fresnel lens for
this type of application was evaluated:; however, only a 30 degree downward
angle of view could be obtained. The two elements of the Blind Area Viewer
fresnel lens are one-eighth inch thick and are sandwiched between twc panes
of safety glass in a lens assembly. This protects the finely grooved lens
from fouling due to dust and moisture. The lens is mounted in a rugged
enclosure to protect it from rock spills and to prevent glare (see Figure
1.7-2). The Blind Area Viewer is mounted perpendicular to the driver's
line of sight and can be tilted awav from the driver to optimize the optical
qualities. This tilt of the lens improves the view by reducing light losses

and is most effective in a range from 15 to 25 degrees downward tilt.

The fresnel lens system has the fcllowing features and

specifications:

® The fresnel lenses are pressed intc plastic plates
composed of cellulose acetate butyrate and have &
design life of five years. Each fresnel lens unit

is 12-inch by lé4-ineh by 1/8-inch.

® The two elements of the fresnel lens contain three

linear echelon analogs of cylinder lenses.

e The field of view is 70 degrees downward Srom tne
observer's line of sight. The horizontal field of

view is 60 degrees. This is a rectangular wide angle

field of view with the downward angle of view

- —

Reproduced from {
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FIGURE 1.7-2

BLIND AREA VIEWER - LOW PROFILE MODEL

1741-17361
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emphasized. The downward angle of view of 70 degrees
approaches the practical limit of the lens configuration.
The lens is designed to emphasize the portion of the

view between 20 and 50 degrees downward.

The lens assembly has an estimated light loss of
between 15 and 20 percent. This light loss increases
in the view range from 50 to 70 degrees downward.

The effect of this light loss is a loss in image
contrast and increased sensitivity to glare. Below
a downward angle of 50 degrees high contrast items
such as helmets and painted vehicies can be seen and

recognized.

Glare must be controlled for effective utilizaticn ol
the fresnel lens assembly. The best approach which
does not increase light losses 1is to prevent direct
sunlight or direct lighting from contacting the lens
assembly. This requires glare control louvers on the
front of the lens. On the driver's side of the lens,
the truck load bed and the lens enclosure provide glare

control.

At night, object recognition is limited to well
illuminated objects (within truck headlight beams,

area flood lights, shop lights, etc.) and illwiination
sources (other headlights, taillights, or flashlights).
Tnis is not adequate for all hazardous situations.
However, most operating vehicles and mine personnel
utilize lights continuously for personal safety at

night. Auxiliary lighting on board each truck mav be

needed.

17



1.7.2 Installation and Maintenance of BAV

The installation of a BAV on a truck is a very simple
procedure of welding four bolt heads to the deck or top 6f a cabinet
using the BAV as a template toc which the bolts are temporarily attached
until the bolt heads are tack-welded to the structure. Some truck models
may require additional brackets on which to weld the belt heads but these
brackets are not complicated. They are usually necessary only to bridge
an opening between an accessory already mounted on the truck deck and

the deck edge and to provide a flat, level surface.

The reccommended maintenance is simply to keep the lens
clean by washing when needed with normal window washing liquids and pro-~
cedures. There are no moving parts to malfunction.  Damage can occur
from load spills or other accidents; however, the housing and louvers
can be readily straightened and repainted as thev are made of shest

metal.

Illustrations, Figures 1.7-3 and l.7-4 are reprints
of two pages of the "Information and Installation Data Sheet' prepared
to be included with each BAV for the customer's information. A complete
pamphlet is included in the appendix.

1.8 - Technical Description of Mirrors Including Installation
and Maintenance Manual and Mirror Handbook

1.8.1 Left Side Rear-View Mirror

Background study of the left side rear view mirror revezled
this mirror is used to mainly position the truck when backing to the locad-
ing position or to the dump berm. Thus it should give goed orientation
to the driver. He should simultanecusly be able to see the horizon, the

top of the load bed and the rear wheel's ground contact. For safetv of

Reproduced from
best availabie copy &
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BLIND AREA VIEWER INSTALLATION AND MAINTENANCE INSTRUCTIONS "=

MOUNTING LOCATIONS =[]

Viewed thiough night doar window (Primary)
Viewed through right corner window (Qpuenal — For laige 1rucks)
Vigwad theough windsheld (Optionatl - For very large trucks)

. Viewed 1hrough window (Wheel Loaders)

ooy Ay -

LIST OF CONTENTS: ®  One Blind Area Viewer {assembled]
®  One Mounting Bracket (attached 1o Blind Area Viewer)
4 (One Mounting Hardware Kit

MOUNTING LOCATION: Mount 3 Blind Area Viewers on a haulage truck in the following locations.

®  [eftcorner of the engine hood (viewed through front windshield of cab)
®  Right cormer of the engine hoed (viewed through right torward window of cab}
®  Rightside of trutk on the deck, fan housing, ete. {viewed thraugh right door window)

WARNING D notcarry Blind Area Viewers up the truck fadder. Use a safe method approved by OSHA or MSHA to lift them onteg the truck reck.

INSTALLATION PROCEDURE:
Position the mounting bracket at each location according to these guidelines:
®  Have the driver sit 1n the driver’s seat to guide placement of the mounting bracket
Aim the long dimension of the bracket gt the driver’s normal pesyiion
Make sure the front edge of the mounting bracket is enurely gverhanging the truck edge
Align and mark 4 {2 on each side} widely spaced moununng holes in good locations for mounting bels

The mounting bracket is designed (o be mounted level on 5 flat surface [ the locauon s not level, 1t 15 up to the owner to
fabricate hardware 10 position 1he shack mQunis level

Weld mounting boits to the flat surface using the detached mounting bracket as & template (welding {ixure) 1o hold the bolt heads
10 position, as previously marked (see Fasiener Assembly Detatl); recheck alignment

Asternble the Blind Area Viewer and mounung bracket (see Fastener Assembly Detail)

Mgunt the assembled Biind Area Viewer on the mounting bolts according to the shock mount assembly detail.

ready 1o spin an ong of the rear mounting bols when lifting the 8lind Area Viewer into is mounting bols.

WARNING: The 8lind Area Viewer is not balanced and will fall of f {5 mounting bolts i not held on or fastened down. For safety, have a 3/8” nut

FIGURE 1.7-3
BLIND AREA VIEWER INSTALLATION
AND MAINTENANCE INSTRUCTIONS
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ADIUSTMENTS FOR VIEWING:
The rear Nood and (ouvers are designad to reduce glare and reflections on the lens. The glare and reflection cannar be eliminated
completely; however, adjustments can help considerably,

TILT: With the driver in the driver's seal to guide the adjustment, till the Blind Ares Viewer forward until reflections are mirimized and
the view through the botiom hall ef the lens is clearest, The lens glass can reflect the deck, cab, hand rails. or the botlom of the
load bed overhang and the ult adjustment ¢an reduce its effect. The operator shoutd make sure that the lens tilt adjustment s
optmum for his truck and the lighting conditions at the mine.

LOUVERS: With the driver in the driver's seat to guide adjustment rotate the louvers by hand until thay appear 1o the driver as a thin line,

CLEANING: Clean the lens glass with window washing solution and wipe with @ paper towel.

Te elzan between the |ouvers, apply #xcess clearung solution and altaw 1t 10 run and drip off, then wipe between the louvers
starting at the top.

[WARN ING: 8e aware of the danger of falling. Clean fens in z safe manneﬂ

MAINTENANCE: Replace damaged parts by disassembly Bent or dented sheet metal parts can be straightened in the welding shon.
Touch up hnish with Rustoleum =412 flat black paint.

Now The l2ns assembly censists of 2 plasue lenses sealed batween 2 sheets of automotive safaty plate glass. The sealant used is a
hat meft buly!

FASTENER ASSEMBLY DETAIL

SHOCK MOUNT WELDING FIXTURE

mNUT

$ LOGK WASHER
|

T ——_J FLATSTANDARD WASKER

| nuT
") OVERSIZE WaSHER

s =1 T o MDUNTING BRACKET
TACK WELD
AEMOVE BRACKET
WELD 50LID
/8721107 BOLY . o
rALCK DECK ., O
. \
WELD ~- STANDARD WASHER
i . n
TAUCX DECK
——
BLIND AREA VIEWER ASSEMBLY — —
spacen WaSHER :1 FLAT STANDARD WASKER
INNMER WaSHER AEAR HOGD LOCKE WA HER
QUTER WASHER % 01T N =1

LOCKNYT

l 14 BOLT @ —
wnm-r -
kot - - - H i
\

MOUKTING BRACKET

SLOTTED LOUVER HOOD < RUBBER WASHE R

FIGURE 1.74
BLIND AREA VIEWER INSTALLATION

AND MAINTENANCE INSTRUCTIONS

1631-17346
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operation he should not have to move from his normal straight ahead driv-
ing position, thus keeping his hands and feet on the operating mechanisms
at all times. It was also found ﬁﬁat»the use ©f two or more mirrors on

the left side (a fairly common practice to achieve a large field of view)
was not desirable. Thus it was decided that a large flat mirror properly

spaced from the driver would be the most efficient.

The left mirror system developed is shown in Figures
1.8-1, =2, =3, =4, It is a 9"x27" plane mirror with a 3"x3" rectangular
convex mirror attached for a wide angle view., The mirror is framed in a
rugged enclosure designed to withstand minor rock spills and to facilitate
quick replacement of the mirror element. Although simple in appearance,
this mirror contains a composite of concepts and features which are not in

evidence or effectively utilized in existing left mirrors.

The left mirror system as developed and demonstrated has

the following specifications and features:

o The field of view contains a view of the left side of
the truck, including the top edge of the locad bted and
the bottom cf the rear tire. No head mcovements are
required to see this vertical field of view. The
horizontal field of view of the plane mirror is sensi-
tive to its distance from the driver; however, a small
rectangular convex mirror is attachable to expand this

view to greater than 40 degrees if the driver so desires.

e The view orientation can be maintained when glancing
from the tecp to the bottom of the mirror because of
the left side position ¢f the convex mirror which does
not interrupt the orientation features in the plane
mirror. The convex mirror is field mounted in a
position selected to prevent it from masking any

significant view features in the flat mirror.
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FRONT VIEW SIDE VIEW
MOUNTING BRACKET
& PROTECTIVE PLATE
H
—-- -
APPROXIMATE _— (]:[:
EYE LEVEL
W)
ro FRAME
| " v
_.»/ “/2 X1 X 1/8
PLANE MIAROR T ANGLE}
CONVEX MIRROR——"]
1w
FRAME —— " | L [ I
; ‘
| .\—MUUNTING BRACKET
‘HES (4
BRACKET LATCHES (4) MIRROR 9" X 27"
HACKING PLATE
o
o NOTE: FLEXIBLE MOULDING
3 NOT SHOWN
o
)
& FIGURE 181

LEFT MIRROR LESS MOUNTING STRUCTURE
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FIGURE 1.8-2

LEFT MIRROR SYSTEM ON HAULAGE TRUCK
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FIGURE 1.8-3
LEFT MIRROR HOUSING AND MOUNTING POST
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FIGURE 1.84

/
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/
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@ The flat mirror element is a standard glass mirror.
The mirror assembly will accepr glass mirror elements
from 1/8" to 3/8" thick, including tempered and safety
mesh-backed mirror glass. The rectangular convex

mirror is a standard hardware item mcunted with silicone

based sealant.

@ The frame is of rugged construction and is topped with
a 3/16" steel plate to prevent damage from minor rock
spills.

® The left mirror is mounted with its right edge in line

with the lozad bed for best view orientation.

‘ ® The mirror assembly is attached to the mounting structure

using 3/8" bolts with rubber washers for positive alignment.

@ The mounting structure can be attached to deck side and

| hand rail or to the cab door - when door opens forward and

Reproduced from
best available copy.

hand rail does not interfere.

@ The rear plate of the mirror can be removed bv hand by
releasing four latches for quick mirror element replace-
ment. The mirror element can be replaced in the field
without tools in less than a minute. All materiezl and

components are common off-the-shelf items.

w

1.8.2 Right Side Rear-View Mirror

Since the right side mirrors are so far from the drivers,
(15-24 ft), the curved convex mirrors were the most popular because thev
provided the larger field of view. The larger the convex radius angle,
the larger the image, but the smaller the field of view. The available com-
vex mirrors were round which produced some distertiom, particularly arcund
the edges, and thus distraction for the viewer. The mirror cdeveloped and

tested is a 20" radius convex mirror with a rectangular shape of 12"xl16".



This provided a more recognizable, better oriented view, with a suf-
ficient field of view to include the top of the load bed and the back
wheel ground contact. It provides a field of view of ﬁOO in the vertical

and 460 in the horizontal.

Since it is necessary for side mounted rear-view mirrocrs
to protrude past the edge of the truck, possible impact with external
objects must be considered. Thus the improved mirror for long term testing
was designed with a friction clutch mounting to allow it to swing awayv on
impact. It was also protected from falling rocks by a top steel plate and
a steel backed housing. In addition, the mirror was set on a sponge

rubber pad to absorb vibration and shocks.

The right mirror system as developed and demonstrated had the

following specifications and features:

e The image size was above average for the mirrors in
common use. Image recognition was improved by the

improved orientation features in the view.

o The mirror element was a l2-inch by 1l6-inch rec-
tangular section of a spherical mirror. The mirror
radius of curvature was uniform with a radius of

20 inches.

® The mirror element was constructed of tempered

glass and mounted on foam rubber.

# The mirror enclosure was fabricated from heavy
gage sheet steel and capped with a 3/16" steel
plate toc prevent the common minor rock spills

from causing damage.

# The mounting bracket with friction assembly was
designed for universal application without right

handrail modification.

o ;dduced from
';eegt available copy.
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¢ The mirror face was mounted wich‘the left edge in
line with the load bed. It was alsc aligned 60
degrees out from the side of the truck and 15
degrees down from the vertical. The aligument
will vary slightly for different trucks; however,
no adjustment is needed for individual drivers,
so that adjustment after installation is not

required.

A drawing in Figure 1.8-3 shows the assembly of the right

mirror system used in the long term test.

Evaluation of the right mirror system in the laboratory
and in the field shows that the rectangular convex shape gives considerablv
more effective field of view with a consistent view orientation which
does not vary significantly from truck to truck. The field of view is
greater than 100 percent wider than with a standard 12 inch polished

steel circular convex mirror such as sometimes used on haulage trucks.

More definitive infermation on the friction assembly,
mounting bracket, mounting and installation procedure, can be obtained

from the Installation and Maintenance Manual in the Appendix.

1.8.3 Mirror Technology

During the investigation of mirrors available to industry
that were being used in the surface mines, it was found that straight-
ferward information on basic mirror usage was not readilv available.
Thus, the mirror information developed during this project was compiled
into a handbook. The intention of the '"Mirror Technology Handbook
for Large Haulage Trucks"” was to provide practical information to
personnel of the surface mining industry. A photo-copy is included in

the appendix of this report.
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1.9 Technical Description of Closed Circuit Television
System (CCTV)

1.9.1 Improved CCTV Svstem

The improved CCIV system was developed for application to
the rear blind area on the larger haulage vehicles. This CCIV System
was designed to demonstrate a combination of unique features which will
improve the utilization of CCTV Systems in the mine haulage envircnment.
The CCTIV System 1is shown installed on a 150-ton haulage truck in Figure
1.9-1. It consists of an improved CCIV camera with a lens cleaning
system and a 6-inch CCTV monitor with systems controls. Details cf the
camera enclosure are shown in Figure 1.9-2 and the monitor assembly in

Figure 1.9-3. This CCTV System has the following features:

¢ The system was designed to operate under all lighting
levels including night time conditions with automatic

adjustment to light changes.

® The monitor is a standard CCTV model which cannot re-

ceive broadcast television channels.

# The camera is a charge coupled solid state silicone
imaging device. The camera enclosure is designed to
adapt to other vidicon tube type cameras. The camera
system is a fixed mount system. A wide-angle camersz

"lens with an auto-iris was used.

e On demand, the lens cleaning system will wash and
wipe the camera-lens window. The cleaning cyele is
automatically timed and is initiated by a single

actuation of a push button contactor mounted on the

CCTV monitor.
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FIGURE 1.9-1
CCTV SYSTEM ON HAULAGE TRUCK
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FIGURE 1.9-2
REVISED CCTV CAMERA AND ENCLOSURE ASSEMBLY
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VIEW A

CCTV MONITOR ASSEMBLY

FIGURE 1.9-3
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e The camera enclosure can be sealed from the outside

environment. Provisions for the use of dry nitrogen
purging, or dessicants, were included in the design.
The lens cleaning system is external to the camera
enclosure. Functionally the washer reservoir can be
removed from the camera location to create a lower

profile system.

A four-inch diameter glass window is used to effec-
tively protect the camera lens from damage. The gléss
is mounted flush with the cover plate for effective
use of standard wiper systems. The lens wiper is a
compact windshield wiper with an B85 degrees stroke.
Both the lens wiper and washer are standard automotive

products.

The system is powered by l12-volt and 24-volt DC
sourcés. Automotive type batteries were used for

the demonstration.

The camera and lens selected for use in this CCTV system

had the following features:

The charge coupled camera coperates on 12-volts DC
and consumes only five watts of power (less auto-

iris lens), eliminating heat problems.

The camera with an auto-iris lens operates at normal
and very low light levels without manual adjustments.
The silicone imaging device has an anti-bloom feature
which prevents lights, reflections and the sun from

obscuring the video picture.

The CCTV camera with its lens is 8-inches long, 4-1/2-
inches wide and 3-inches high. Its weight is less than

four pounds.
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e The CCTV camera is mounted on a rubber pad and is
ruggedized internally for protection from shock and
vibration. For low temperature operation, a thermo-
statically controlled tape heater is attached to the

camera. No provisions for cocling are needed.

o The CCTV camera uses a high cost silicone imaging device.
This is an advanced application of integrated circuit
technology. This technology has the potential of
becoming the low cost standard in the near futﬁre.

The CCTV camera is an RCAITC116O with a grade B silicone

imaging device (SID 52501) . The 54" x 5%" x 17" enclosure can be adapted
to other vidicen type cameras, however, there is no alternate camera that
is a direct replacement. With a significant difference in perforﬁance, a
RCA 1025/S05 camera could be used. The monitor is a Setchell Carlson Model
6M917 modified to operate on 24 volts DC.

1.10 Test Results

1,10.1 Blind Area Viewers (BAV)

Three (3) BAVS were installed on each test truck to provide
maximum coverage. In all test mines, except the Eagle Mountain Iron Ore
Mine, the drivers complained that the units on the front of the vehicle
interfered with their direct vision and were not of much use. At Belle
Ayr Coal Mine in Wyoming the complaints were so universal and continuing,
even in some instances including the viewer mounted on the right side, that
the test was terminated the second month. The BAVs were removed and

installed on test vehicles at Dacker Coal Company in Montana.

In almost all reports the drivers liked, and found useful,
the BAV mounted on the right which permitted them to see alongside the
right front side of their truck. Some of the first criticisms were of
the sunlight being pulled into the top part of the lens and shining into
the driver's eyes when the sun was low on the horizon. This effect was

minimized by masking off the top two inches of the lems which has an upward

1 Reference to specific brands, equipment, or trade names in this report is
made to facilitate understanding and does not imply endorsement by the
Bureau of Mines. .
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angle of 15° and is not needed in this application. Ancther complaint

was reflections in the lens under certain light conditions. This usually
happened when the truck cab was well lighted and the area in front of the .
BAV in shadow. This situation was not considered too detrimental as it
occurred only occasionally and was far less than the time the BAVs were

producing clear views.

In one instance a driver said the viewer mounted directly
in front did not work. He was somewhat amazed to see that it did function
when a target was deliberately moved into the area covered by the BAV,
It is usually rare that anyone will move into the front area of the large
trucks. Also, most of the time the trucks are moving in a forward direction

and the driver is well aware of any hazards that might exist.

When the BAVs were first installed at Decker Coal, the drivers
complained about those BAVs on the front of their vehicles and these were
removed, leaving the cnes on the right. Most of the drivers at Decker said
they checked the area to the right of their vehicle by using the BAV before

making a right turn.

It was not intended that the BAV be used while the vehicle is
in motion but it was found feasible and at times useful. The expanded area
shown in the viewer contains object images that move in relatively slower
motion than the truck. An example is shown in Figure 1.10-1. The truck
passing in the opposite direction is blurred because of the relatively slow
speed setting of the camera shutter. However, the image of the right front

wheel of the passing truck, displayed in the lens of the viewer, is distinct.

During the year-long (12 month) test period, only 6 cf the 27
BAVs on test were damaged. Two were damaged in the first month of the
test period. One was cracked by a rock spill (misloading of the shovel)
and the other had the lens cracked by a rolling rock that fell off the body
canopy. By the end of the one year test period, two others were destroved
at another mine. One in a truck accident where another truck backed .into
the viewer. The other vibrated loose, fell off the truck and was run over

by a following truck.
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Two other units each had a cracked lens caused by rolling
rocks that fell off body canopies..

Extended use of the remaining units for another 12 months
resulted in four more units with broken lenses and damaged hoods, due to
rock falls. All but one were front mounted BAVs which were not protected by
the body canopy. At all test sites the drivers complained that the lenses
were difficult to clean especially on the louver side. However, even though
the lenses appeared not as clean as would be desired for a windshield, a
color contrast Image such as a hard hat or a vehicle could be seen without
difficulty.

1.10.2 Rear-View Mirrors

1.10.2.1 Left Mirrors

The left side mounted rear-view mirror was well liked by

the majority of drivers. Only two complained that it was so large it

interfered with their direct view.

Vibration loosening at the mounting was a problem at first.
This was corrected by the installation of non-metallic washers in the
pivot connections. The very first versions suffered some glass damage
by falling rocks. This was improved by installing heavier'top plates to
ward off falling rocks. One unit was damaged beyond further use in an
accident involving an obstacle, which destroyed the mirror backing. Except
for periodic glass replacement, the remaining left mirrors survived the

regular and extended test periods.

"1.10.2.2 Right Mirrors

The right side mirror performed remarkably well with a good
survival rate. Only four breakages of the glass occurred during the 12-month
test period. The actual cause of the brealages was not réported. One

mirror was missing with no record of what happened.
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The drivers all reported they liked the mirror and the view

it provided.

The drivers at Belle Ayr reported that their 12" round

"convex mirror (30" radius of curvature) produced a better image in low

light and low color contrast conditions. A larger radius convex mirror

is known to have less reduction of image size and less light loss. The
drivers at this mine preferred to use both mirrors. The round mirror was
mounted on the load bed canopy and used for spotting. The rectangular mirror
was then wused when the load bed was up to observe the area around the righnt
rear of the truck. The drivers were unhappy when the mirrors were removed

at the end of the testing. Mine management had decided not to extend the

test period and the mirrors were taken to Decker Coal Company for'additional.

testing.
1.10,3 Closed Circuit Television

The closed circuit television system was installed at two
of the test mines, Belle Ayr and Eagle Mountain. Installation at Belle

Ayr was on May l4 1978. The camera was inoperative and replaced August

2é, 1979. The monitor was replaced September 25, 1979. The canmera was
replaced again January 21, 1980 (at this time the improved housing was
also installed); The syster was reported not functioning in May 1980. The
test was terminated and the system removed. Installation at Eagle Mountain
was on June 4, 1979. The monitor was repaired (capacitor wire broken) on
July 12, 1979. Camera and enclosure was removed September l4, 1679 as it
had been flooded. The housing was redesigned to separate the electronics
from the lens cleaning system and the covers ruggedized. The improved
housing with camera was reinstalled on October 10, 1979. Camera was re-
placed one month later on November 7, 1979 because of a defective automatic
iris and again on April 24, 1980 for the same reason. It reportedly was
operating in June when the mine shut down operations but inoperative in

November 1980 when the mine resumed operations.

The main problems with the CCTV system, after the camera

enclosure was improved, was mechanical failure of the monitor control knnbs,

broken wires in the monitor and automatic iris lens failurcs.
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Good, clear pictures were cbtained and the system was well
liked by the operators. However, it was found to require regular pre-

ventative maintenance of the type not readily available at the mines.

1.11 Summary, Phase V

Improved visibility systems for large ofohighway haulage
trucks consisting of rear-view mirrors, blind area viewers and closed
circuit television were tested for 127months in operating open pit mines.
The mines were selected to provide the weather extremes possible in the
United States. They were: Kaiser Steel Corp's iron ore mine at Eagle
Mountain, California; AMAX Coal Company's Belle Ayr mine in Gillette,
Wyoming; Decker Coal Company in Decker, Montana and Pickands Mather &

Company's Erie I¥on Ore Mine in Hoyt Lakes, Minnesota.

Right-side and Left-side rear-view mirrcrs and blind area
viewers were tested at all four mines. The closed circuit television

was tested at Eagle Mountain Mine and Belle Ayr.

1.11.1 Right-Side Mirror

The right-side rear-view mirror was a rectangular 12x16"
convex, with a 20" radius of curvature enshrouded in a protective metal
housing mounted on a swing-away fricticon-controlled post. It was well
received by all test drivers and much preferred over all other mirrors
except 3 12" round convex mirror with a 30" radius of curvature. At
one test site the drivers wanted to use the rectangular mirror in con-
junction with the 30" radius convex mirror. The breakage or failure rate
for this rectangular convex mirror was less than for the normally used

right side mirrors.

1.11.2 Left-Side Mirror

The left-side rear-view mirrors were off-the-shelf mirrors
but of maximum size presently in use. The mirror frame or housing was de-
signed to facilitate glass removal and replacement and to help protect from

falling rocks of small load spills. This mirror was also well received and
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appreciated at all test sites. Even though it is larger, the survival

rate was no different than for the smaller available mirrors.

The view produced by the mirror which included the top of
the lcad bed and the rear wheel ground contact was much more desired than
the view obtained with one or more smaller mirrors. The add-on small con-
vex mirror which provided an expanded area view was alsc an advantage and

appreciated in most cases.

1.11.3 Blind Area Viewers

The blind area viewer, using the fresnel lens system per-
mitting a driver to see down in front and on the side of his vehicle, per-
formedeell and was appreciated by most all drivers, particularly for the
right side position. The front mounted BAVs did not come into play very
of ten because very rarely does anything move into the area in front of the
large trucks. Also, because the trucks were for the greatest portion of
operation moving forward, the drivers were very much aware of any possible
hazards in the frontal area. Therefore, the front mounted BAVs were not
considered useful or desirable by the drivers. The complaints having
justification were that plare and reflections were caused by special lizht
conditions and that it was difficult to clean the lens between the louvers
on the front of the unit. The right side mounted BAVs exhibited good
survival because they were protected by the load bed canopy. Even thcse
mounted on the truck's front hood were damaged cnly when struck by another
- truck with a careless driver or by rock spills caused by zn inexperienced
shovel operator or a mispositicning of the truck. Weather extremes had

no detrimental effect on the lens assemblies.

1.12 Recommendations

Results of the long term in-mine testing prompted the

following recommendaticns:
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1.12.1 Mirrors

e That nothing further be done with the left

hand mirror since similar size mirrors were

already available to the mining industry.

That right-side rear-view 30" radius of
curvature, convex mirrors of rectangular
shape, 12" x 20", be fabricated and in-mine
tested for industry acceptance and evaluation.
Aiso,-that a simpler, less expensive mounting

be investigated and tested.

1.12.2 Blind Area Viewers

¢ That blind area viewers be redesigned to

incorporate readily removable louvers to
facilitate cleaning with a shorter lens
(minus the two inch top portion) lowering

the overall profile to minimize glare and

reflections.

e That a special anti reflection coating be
investigated for the BAV fresnel lens to
minimize reflections.

1.12.3 Closed Circuit Television
e That no further work be dome on the CCIV

system until a more durable, longer lasting
automatic iris lens is available and overall

component costs are reduced.
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2.0 PHASE VI IMPROVED BAV AND RIGHT-SIDE MIRROR
DESIGNS

2.1 Statement of Requifement

Following the recommendations in Phase V, the Improved
Vigibility Systems for Large Haulage Vehicles contract was expanded to
test a revised model of the BAV and a larger rectangular convex right
side mirror of 30" radius. It was also decided to investigate the possible
application of the BAV to large front-end wheel loaders which have la;ge
blind areas to the rear of the vehicle. They have been known to have
backed over smaller vehicles causing considerable damage and sericus
injuries. 1In addition, lighting to make the BAVs useful at night was

also investigated.

2.2 Phase VI Objectives

The Phase VI objectives were:

e To investigate by in-mine testing the degree qf
improvement in the rectangular convex mirror with
a 30" radius of curvature over the previously
tested 20" mirrors. The tests were also to
determine if the increased size 12" x 20" vs

12" x 16" were objectionable.

# To test the new low profile (LP) Blind Area
Viewers (BAVs) by in-mine testing at the same
mines used in Phase V to obtain driver comments
on the degree of improvement made in relation

to glare, reflection and ease of cleaning.
@ To fabricate and test a light for the BAV.

e To make an anti reflection treated lens for the LP
BAV and test it at the most likely test site (the

one with the greatest amount of reflection complaints).

e To test BAVs on large front-end wheel loaders (FEL)
and other equipment exhibiting blind areas under actual

mine and quarry operations.

e To continue with the Phase V long term'testing.
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2.3 Scope

‘ To keep within available funding and obtain as much test

data as possible, the scope was limited to the fabrication and testing of
two anti reflection coated fresnel BAV lenses; two rectangular 12" x 20",
convex, 30" radius of curvature mirrors, eight LP BAVs (two on FELs and six
on trucks at the Phase V test mines) and a light for night time use of a BaV,

Four previous model BAVs were also to be tested on FELs.

2.4 Mine Sites Selected for On-Site Tests

The Phase V test mines of Eagle Mountain Iron Ore Mine,
Decker Coal Company and Erie Mining Company agreed toc continue the Phase V
tests and add the new right-hand 30" convex mirror and the LP BAVs.

Washington Irrigation and Development Company in Ceﬁtralia,
Washington, Syar Industries' roeck quarry in Vallejo, California and the
test proving grounds of Fiat-Allis were selected as test sites to test the
BAVs on front-end lecader application. The test of the night light for the
BAV was to be done at Hanna Mining Co's National Steel Pellet Plant in

Keewatin, Minnesota.

2.5 Vehicle Model and Sizes

The vehicles selected for the front-end wheel loader
application tests were a 988 and a 992 Caterpillar, Dart 600C and a Fiat-
Allis 945B. The Caterpillar loaders were located at Syar Industries. The
LP was installed on the 988 and the HP BAV on the 992. Photographs of these
installations are shown in Figure 2.5-1. The Dart 600C loaders used in
the field test were located at Washington Irrigation and Development Co.
in Centralia, Washington. Two high profile and one low profile BAVs were
installed. Photograph in Figure 2.5-~2 shows the LP BAV installed on a
Dart 600C wheel loader. The Flat-Allis 945B was located at the Fiat-Allis
test proving grounds in Illinois.

2.5.1 Critical Dimensions

The critical dimensions of each loader in respect ﬁo the
BAV application are shown in Table 2.5-1. These data were taken from

sales literature. The graphically plotted blind areas of each leoader,
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B | D

9; glr 15! 11!
2970 4600

11 6" 192"

3505 5842
147 8" 219
4470 6629
126" 185"
3810 5018

A =WIDTH OF BCDY AT REAR

B = CAB HEIGHT

C= HEIGHT OF BODY AT REAR

D = DISTANCE OF DRIVER FROM BAV

Dimensions are approximate and weare obtained
from sales literature.

TABLE 2.5-1
CRITICAL DIMENSIONS — WHEEL LOADERS
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on which the blind area viewers were field tested, and the improved visi-
bility obtained are shown in Figures 2.5-3, =4, -5 and -6. The areas
were plotted using the data in Table 2.5-1. '

2.5.2 Vehicles Selected for Test Units

The trucks selected for the 30" radius of curvature rect-

angular convex mirror were:

Truck 7420 Euclid 170 ton at Erie
Truck 613 Terex 150 ton at Eagle Mountain

Figure 2.5-7 is a photograph of the installation at Eaéle
Mountain Iron Ore Mine.

The trucks selected for the new LP blind area viewers were:

- Truck 7423 Euclid 170 ton at Erie (one on the front and
one on the right side)

Truck 615 Terex 150 ton at Eagle Mountain (one on the
right front corner and one on the right side)

Truck 4B Terex 170 ton at Decker Coal (one on 'the right
front corner)

Truck - 23 Euclid 170 ton at Decker Coal (one on the right
side)

Figure 2.5~8 contains two photographs showing the

installation at Eagle Mountain and Decker coal.

2.5.3 ~ Night Light Installation

Figure 2.5-9 is two photographs showing the night light
" installation at National Steel Pellet Company in Keewatin, Minnesota.
The BAYV was a test unit supplied by USBM's Twin Cities Research Center
in Minneapolis, Minnesota.

2.6 - Technical Discussion of BAV Improvements

The changes or lmprovements to the BAV were to facilitate
cleaning the lens, to reduce objectionable glare and to investigate
night lighting.
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2.6.1 Facilitating Cleaning

_ To facilitate cleaning, the lens housing was redesigned for
quick and easy removal of the louver hood to expose the outer surface of
the lens. TFigures 2.6-1, -2 and -3 are drawings of the rear hood #115707,
louver hood #115708 and viewer assembly #115712, respectively.

The lens helder, item 2 of drawing 115707, is an integral
part of the rear hood. The louver hood was attached to the rear hood
with six bolts and nuts. The redesign provides for the attachment by
means of slotted slide connections at the bottom corners and held
in place by two fasteners at the top. Figure 2.6-4 1s an exploded
view of the blind area viewer which illustrates the simplicity of

assembly and disassembly.

2.6.2 Reduction of Glare

To reduce the amount of glare and reflections from direct
sunlight, the top two inches of the lens were removed and the height of:

the hoods reduced the same amount producing a lower profile structure.

The top two inches of the lens contained the upward 15°
deflection portion of the lens which tended to pull the low angle sun-
light rays into the lens. Taping over this section in earlier tests

disclosed this portion of the 12" x 14" lens was not needed.

In addition, various other means were Investigated to re-
duce reflection by the use of add-on cover films, non-reflection picture
glass and coatings. The most promising was an optical coating produced
and marketed by Optical Coating Laboratory Inc. OCLI's specification
for this coating, "HEA 11-002C Multi-layer Antireflection Coating for
Contrast Enhancement Products No. 6020020", is included in the appendix.
Two lens assemblies were fabricated using safety glass made from glass
treated with this coating and compared with a normal lems in a mockup

demonstration.

The lenses were fabricated by first treating both sides
of the glass plates from which the safety glass was formed with OCLI -
HEA 11-002C coating. This treated safety glass was then used to sand-

wich the fresnel lens in the regular manner.
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The cost of producing such a lens in safety glass was
approximately $200.00. The plan was to demonstrate these on the mine
test site where the reflection complaints were the greatest. However,
there were nc complaints regarding the reflection after the low profile
BAVs were installed,

2.6.3 Night Lighting

A Hobbs heavy duty shock mounted tractor head lamp was in=-
stalled on a BAV that had been provided to National Steel Pellet Company
by U.S. Bureau of Mines. To facilitate installation, the light was mounted
on a spare louvér hood which was then used to replace the original louver
hood in the field. The model lamp chosen was M-2095 with a 4578 Par
46, 28 Volt sealed beam bulb having the flood characteristics of 55° x 25°,
The electrical connection was made using a pushbutton switch with contact
made, turning the light on, while the button was being held down. This

light was off when the driver was not using the viewer.

2.7 Technical Discussion of BAV Application to Front End
Loaders

Front end or wheel loaders (FEL) have continued to become
larger as have the haulage trucks and other mining equipment used in open
pit mining. They have become so large that an area of considerable size
directly behind the loader cannot be seen by the driver even with rear-
view mirrors. These blind areas were shown in Figure 2.5-3, -4, -5 and
-6, The blind areas for some of the largest loaders were large enough
to hide a pickup truck or normal size car. Figure 2.7=1 is a series of
photographs depicting a hidden car behind a Caterpillar 992C loader.
There have been several accidents in which FELs have backed over auto-
mobiles. One accident resulted in legal action taken against an

original equipment manufacturer.
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2.7.1 Caterpillar Loader Installatioms

There was no difficulty installing the viewers on the
loaders. The Caterpillar loaders were used in a rock quarry'operat;gqéA;;__u.'
and the BAVs were not bothered by vibration or dust. A viewer was in-
stalled on a Cat 988B loader. However, this loader was not large enough
to actuélly require a viewer. It was reported that the drivers did find
the BAV useful to watch the connection of a trailer or more accurately

gauge his position when backing up to an object.

2.7.2 Fiat-Allis Loader Installation

Fiat-Allis was first interested in the possible application
of 3 BAV to a crawler tractor pulling a ripper in order to watch the ripper
blade during operations. However, this did not prove practical as the
support structure for the ripper was in the line of sight. The BAV was
then tried on a3 leader. 1t was reported that it did function as intended
and was not affected by the vibrations or the dust to any objectionable
extent. A letter and sketch from Fiat-Allis describing the applications
and test results are included in the appendix. The loader was a 943B
model and not large enough fo benefit greatly from the BAV.

2.7.3 Clark Loader Installation

Clark Equipment Company, Constructien Machinery -Division,
was supplied three BAVs by the USBM which they installed on their Model
675 tractor shovel, front-end wheel-loader. They installed the three
BAVs, one on each side and one on the rear in an attempt to obtain complete
coverage. However, thesé were perhaps a little overwhelming to the
" operator who requested that they be removed. Possibly the operator may
not have been properly prepared or fully informed about the viewers.
This same reaction was received from some truck operators when three (3)
BAVs were installed and the drivers not adequately informed of the BAV's
capabilities and purpose.
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On most all mining properties the large equipment is given
the right-of-way because of the blind areas. The operators, of course, do
not.want to give up that right-of-way and rightfully so. The operators
should not be led to believe they will be held responsible for all accidents
after the BAVs are installed. The BAVs should be added for the convenience
and assistance to the driver in order to make his job easler to avold

hazards.

The non-acceptance by the truck drivers occurred on one of
the test mines when three BAVs were installed on each of the trucks. -
However, at the other two test mines the complete installations were
accepted by the drivers. Some even preferred to keep the BAVs mounted on
the front of the vehicle, particularly the low profile model. However,
some did ask to have those on the front removed as they were seldom re-

quired.

2.7.4 Dart Loader Installation

Two high profile and one low profile BAVs were installed on
three DART 600C wheel loaders at Washington Irrigation and Development Co.
in Centralia, Washington. The 600C is an articulated loader with the cab
moving in the opposite direction of the bucket swing. The movement of the
cab in relation to the rear of the vehicle where the BAV had to be mounted
was at first thought to be a problem. However, with the cab offset to
the right when the bucket is straight forward, it was possible to offset
the BAV on the hood cover, positioning it where the driver cculd see it
at all times.

Using an automobile as a target (located in the normally
blind area) the loader operator swung the bucket to both left and right
positions and found he could still see the BAV's lens. The target could
be seen in the BAV from all positions. See Figure 2.7-2.

_ The low exhausts did pose a problem in causing the lens to
soot rapidly. To minimize this problem, the hood of the BAV could be ex-
tended four to six inches and the exhausts lengthened twelve to eighteen

inches.
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2.8 Technical Discussion of Right Side Mirror

2.8.1 Size

_ The rectangular, 12" = 20", convex 30" radius of curvature
mirror used for a right-side rear-view mirror was tested to determine if
the extra length of feour inches would be detrimental to obstructing the
operator's view. It provides a larger image than the 20" radius which
is preferred. The extra length 1s necessary to provide the same field of
view in the vertical direction as obtained with the 20" radius mirror
which includes both the top of the truck body and the bottom cf the rear
wheel. Since it does produce a larger image it consequently has a smaller
field of view. Image size in a convex mirror is inversely proportional
to the distance to the object'and to the number of degrees between the
light rays from observer to object. See Figure 2.8-1.

2.8.2 Mounting

The method of mirror mounting was tested using simple U
bolts. The test unit at Eagle Mountain was bolted to the front edge of’
the truck deck with a small angle-iron stop at the bottom. The mounting
installation is shown in Figure 2.5-7, page 53.

Controlling the tightness of the U bolts produced a swing-
away friction mount which is less costly and easier to adjust than the

slip ring arrangement of the first design.

2.9 Test Results

Personal inspection trips te the test site mines were 1li-
mited to the installation and removal of the LP BAV and the 30" radius of
curvature rectangular mirrors. Test results were obtained by telephone
contact with safety departments and maintenance supervisors plus a final
report from the safety and mine managers. Thus, the results reported are
not as detailed or as precise as might have been obtained through direct

personal contact with all drivers during the test period.
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2.9.1 Blind Area Viewers

The reports and comments received on the low profile Blind
Arez Viewer (LP BAV) were such that the attempt to provide improved visi-
bility was considered successful. Driver acceptance of the BAV mounted

on the right was universal at all three test mines.

There were no more complaints on reflections or light
~ glare with the low profile BAV. Comments received regarding cleaning
mentioned that it was now easier to clean the lens with the readily

removable louver hood on the new LP model.

Specific inquiries were made concerning oéjectionable
reflections in order to locate a test site to demonstrate the new
experimental lens that had been treated with the anti reflection coating
material. However, no such comments were obtained from either ofrthe

three test mines.

2.9.2 Anti Reflection Treated Lens

The BAV lens with anti reflection coating was tested by
comparing it with a non-treated lens in mockup demonstrations. The two
BAVs were mounted on a table with casters so it could readily be moved to
different positions. A colored object was placed on the ground and photo-
graphs were taken of the images produced in the BAVs under varying sun-
light conditions. A series of photographs taken cf this test demonstration
are shown in Figures 2.9-1, -2 and -3. Note the degree of reflection of

the photographer in the BAV lens,

- Under the most adverse conditions (that producing the
greatest reflection) the treated lens reflected approximately 757 less
than the non-treated lens. This condition existed with the viewer well

illuminated and the object in deep shadow.

Some difference, but not as large, was observed and
recorded under other light conditions, such as direct sunlight in the

lens from front, back and side lighting.
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The treated lens did have greater light abscrption as the
images were not as bright as in the untreated lens under most all light
conditions. However, the image did appear to be more distinct under the
optimum reflection condition since it did not exhibit the strong re-
flections to interfere with the image.

2.9.3 .~ Night Light

The illumination produced by the lamp was very bright in .
the center portion of the BAV's lens (vertical). The lamp had been
positioned with the 55° portion of the beam in the vertical direction.
Since the horizontal field of the BAV's lens is an overall 60°, the 25°

spread of the light was concentrated in the center portion of the lens.

One driver said he would like to have the light staj on all
the time as he used the BAV to determine how close he was to the berm {(right
side of the road traffic). Thus the light was evidently bright enough to
make this distinction possible.

Even though the side portions of the BAV's field-of-view
were.less {1luminated, it appeared to be sufficient i1llumination to discern
objects of contrasting colors to the ground. The sealed beam lens will
be rotated 90° to change the 1llumination spread 55° horizontal and 25°
vertical which is expected to provide more uniform 1llumination over the
critical area of the BAV's field-of-view.

2.9.4 Right-Hand Mirror

The right-hand rear-view mirror (the experimental rect-
angular, 12" x 20", 30" convex) mounted with simple U bolts on a 2" pipe
support performed very well during the test demonstration. The mountings
held firm throughout the full test. There was no reported accidental
striking of the mirror housing which would have tested the swing-away
feature of the friction between the U bolts and the support pipe. This
condition was tested manually at installation and before removal from the

truck and found that the mirror supperts would twist in the mountings.
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All drivers interviewed who had used the large 30" radius
mirror preferred it to the other smaller mirrors with 20" radius. They
did not feel the size interfered with their direct wvisien.

2.10 Summary of Phase VI

2.10.1 : Blind Area Viewer

The improved design of the BAV t0 facilitate lens cleaning
and to reduce glare and reflection by removing the top two inches of the
lens and lowering the height of ‘the housing respectively was proven to be
effective in actual field tests. There were no complaints from the drivers

regarding glare and reflections and there was mention:iﬁéftﬁﬁé:léﬁﬁgg_ha_

were easier to clean now that the louver hood could readily be removed.

2.10.2 Right-Side Rear-View Mirrors

The new experimentel 30" radius convex rectangular 12" x 20"
mirrer with a simplified mounting performed well during the in-mine tests.
All drivers preferfed its larger image and the mounting survived well under
the rigors of the open pit iron ore mining operations in southern Californmia
and in northern Minnesota. The 30" radius convex mirror was preferred

over the smaller mirror by all drivers having the opportunity to use both.

2.10.3 BAV Application to Wheel Loaders

Blind Area Viewers were tested on Caterpillar 9888 and
992C loaders. The 988B proved to be too small to benefit from the BAV
since its blind area was small enough to pose mo problem. The blind
area was covered sufficiently with the rear-view mirrors. The 992C loader
was of sufficient size that the viewer did prove useful to the driver

and it survived and performed well in a rock quarry operation.

The Fiat-Allis loader also was too small for the beneficial
application of the BAV, but testing indicated that dirt and vibration

would not be a problem when the BAV 13 used on wheel loaders.
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The DART 600C articulated loader had a changing blind area
depending upon the bucket position. However, the BAV appeared to be
applicable since the driver could see the BAV's lens which covered the
blind area for any particular bucket position. When the bucket's hori-
zontal position changed, the rear of the vehicle and consequently the BAV
coverage also changed to 2 small extent. The operators on the property
where these tests were run were not pleased with the BAV but they had also
not been fully informed of the BAV's principle of operation. The photo-
graphy in F;gure 2.7-3 1llustrates how well the BAV does cover the blind
area. The drivers suggested they would like to have something they could
use to see into the blind area without turning their head to look.

2.10.4 Anti Reflecting Lens BAV

The anti reflecting lens made by coating both sides of
the glass used to make the safety glass (coating HEA 11-002X multilayer
anti reflection coating for Contrast Enhancement Products) demonstrated‘
in laboratory mockup tests a considerable reduction in reflection com=
pared to a non-treated lens under maximum reflection lighting conditioms.
The amount of reflection reduction was estimated at 75%. Under normal
lighting conditions the amount of reflection or glare produced by the LP
BAV was not enough to warrant the extra cost of the anti reflection
treatment. However, iﬂ special circumstances it may prove to be cost

effective.

2.10.5 Night Light

The night light was successful to the extent that it can be
recommended as an add-om kit for those installations where it is desired.
For permanent mounting, a Universal bracket should be used for mounting the
lamp in the upper corner of the rear hood on the side of the BAV where it
would be most desirable for that particular installation. The Universal
bracket is attached with two 1/4" bolts. It is estimated at this time
that the lighting kit would cost approximately $100 FOB factory.
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3.0 FINAL ANALYSIS PHASES IV, V AND VI

3.1 Safety Aspects

The amount of safety iiprovement obtained with the
improved visibility system could not be ascertained by using only
three operating trucks. The number of accidents were not reported
as being less with these trucks than with the other trucks over the
test period. If all trucks of a mine had been equipped with the visi-
bility systems for a year and that year's truck accidents compared with

other years, a definite percentage could have been obtained.

The test trucks at each mine were reported as not having
any accidents during'the test period. Also, during this period, no
other trucks were reported having had any accidents that might have been
prevented if the operator had had better visibility.

However, it can reasonably be assumed that an alert and
confident driver will be a safer driver than one who 1s tired or under
tension. Fatigue can be increased by the tension of not knowing if any
hazards might be in the blind area into which the truck is about to
travel. Thus, if the driver knows the area is clear by the use of a
CCTV, a good rear—v;ew side mirror or BAV, he should suffer less fatigue
caused by anticipation of the unknown and be a more alert, efficient and

safer driver.

3.1.1 Collision Avoidance

Even with the improved visibility aids a ‘driver may become
. sleepy, or inattentive and not see or be aware of a hazard before it is
too late to avoid a collision. To overcome this problem, Tracor MBA is
engaged in other U.S. Bureau of Mines R&D projects to help prevent

accidents. They are:
e Driver Alertness Monitoring

e Radar Transponder Anti-Collision Systems

for Large Mine Haulage Trucks
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In the driver alertness monitoring program, Contract No.
-H0282006, the driver 1is monitored by electronic means to determine his
degree of attentiveness and warned by appropriate devices, lights or

voice messages when his response indicates he is not alert.

In the Radar-Transponder Anti-Collision System, Contract
No. H0202004, the radar transpondér technology will be used for detecting
moving or far-out objects, warning the driver when he is on a collision
course and also when he is in imminent danger of an accident. For those
objects close to the truck, ultrasonic devices are being investigated
for use in detecting the hazardous object and in warning the driver

by appropriate signals to lock for the cbject.

For more information on these on-going Research and Develop-
ment Programs, write to Guy A. Johnson, U.S. Bureau of Mines, Twin Cities
Research Center, 5629 Minnehaha Ave. So. Minneapolis, MN 55417.

3.2 Productivity Effect

Time and motion data were not taken and thus no quantitative
measurement made in the productivity of the test trucks equipped with the
visibility systems over those trucks not equipped. No truck downtime
caused by an accident that might have been prevented with better driver
visibility was reported for any of the trucks in the test mines during the
test period.

However, if a downtime accident can be prevented by the
use of the improved visibility devices, then the availability of that

particular truck is greater, which could result in increased truck haulage

© productivity.

Open pit mine productivity is measured by shovel and loader
output which is greatly affected by truck availability. The shovel and
loader have their maximum production when there is no waiiing for trucks.
Also, 1f a truck is equipped with good visibility aids, there is less
chance for the truck to be side-lined because of an accident. Good visi-
bility can minimize tire problems (driver can avoid hazards that cut tires

if he can see the hazard).
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' 1t is reasonable to expect that a more confident driver,
able to see all around his vehicle, can perform the maneuvers necessary
in and around the load and dump areas more quickly than if he haé to
rely on guess work that the area 1s clear. By performing these maneuvers
more quickly the increased productive or haulage time has been estimated
aﬁ approximately 8 hours per month, assuming the driver can save 20 seconds
per cycle during the maneuvering and final positioning of his truck at the
leoad and dump areas (based on 21 minutes average cycle time and 525 operating
hours per month). The eight hours gained per truck-month would approximate

24 extra truck loads of ore hauled per month per truck in operation.

3.3 Cost Effectiveness

Cost effectiveness is an evaluation of the initial cost plus
maintenance versus the amount of savings that can be attributed to the

device being evaluated.

The cost of the visibility aids were readily determined
for those units on the test. The maintenance cost was derived as an
average per unit based on possible expected usage (using test results)
such as a lost unit, broken lens or damaged housing caused by rock falls,

etc. These are shown in Table 3.3-1.

For a cost effectiveness ratio, the value of a visibility
system in terms of reduced percentage of injuries and property damage
would be needed along with an estimate of increased productivity and
emplovee morale. These factors were not possible to obtain during the

in-mine testing.

The concepts of "cost benefit" and "cost effectiveness"
have come into increasing usage in recent years in an effort to justify
{or attack) an existing or proposed safety program. As O0'Neil and
Kelley(l) point out in their informative paper, both of these concepts
are often misunderstood and misused. Appendix A contains a discussion

of this complex issue.

(1) O'Neil, B. and Kelley, A.B. "Costs, Benefits, Effectivenss and Safetv:
Setting the Record Straight", Society of Automotive Engineers reprint -
No. 740988, 1974.
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COSTS $

UNIT ol
xx) Maintenance
Purchase {xx) Instatation Yearly Torat
LEFT MIRROR (xx) 350 40 60 350
RIGHY MIRROR (x} 400 20 100 520
DAV x) g0 20 175 945
ccTv {xx) 3000 160 1000 4160
_
{x)  Present commercial prices
{xx} Estimated
TABLE 331

COSTS OF VISIBILITY SYSTEMS



The benefits of improved visibility would vary considerably
at different surface mines due to the individual character of the mine.
Each particular mine operator can best make an assessment of potential
benefit based on a first-hand knowledge of injury accidents, property
damage and tire maintenance costs. Improved visibility for haulage truck

operators could result in potential benefits by reducing or eliminating:
o Disasbling injuries and fatalities
e Lost time injuries
) Haﬁlage truck damage or loss
# Small vehicle losses
® Damage to shovels and structures
o Tire damage
# Low employee morale
® Production loss from accidents
® Production loss from poor visibility

These potential benefits, which can be realized in specific
situations, are common in surface mining operations. The size and power
of large haulage vehicles are such that even a minor accident can cause
significant costly damage. Examples of situations where the benefit of

improved visibility can be realized are as follows:

# Small vehicles parked or passing close to 'a stopped
haulage truck can be detected by the driver before
moving his haulage truck forward, backward, or to the

right. A safe path certainly would result.

¢ When backing to the shovel, spotting, position and
shovel body clearance can be judged with more
certainty which results in improved vehicle control.

Tire damaging rocks can alsc be avoided.
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® When backing to a dump berm, the location of the berm
and its alignment can be judged more accurately while

positive vehicle control is maintained.

¢ When maneuvering, road hazards such as rocks, holes
and ditches can be avoided preventing tire damage and

driver injury.

e In shop and utility areas, structures, equipment,
vehicles and personnel can be detected and tight

clearance maneuvers can be accomplished more safety.

® More certainty of a safe path would result in less
stress to drivers and maneuvering around observable
hazards would be expeditious for better time

efficiency.

® Collisions with other haulage vehicles and embank-
ments can be avoided if observed with an improved

view.

Qverall, it appears that the relatively low costs of

(1)

improved visibility devices would be offset many times over by the
benefits. However, it is difficult to document those accidents that
never happened because the driver saw the hazard through his visibilicy
aid. Over a period of time, the benefits would eventually show them-
selves if detailed and accurate records were kept of minor as well as
major accidents; however, such 1s not the usual case nor was it possible

to obtain such records during the test period.

When taking the cost of the large haulage trucks inte con-
sideration, $250,000 and more, the costs to add on visibility improvement
devices is very small. If they help increase production or just to keep
the truck producing and help prevent damage or loss of such an expensive
and difficult to replace vehicle, then the add-on costs can definitely

be considered as cost effective and worthwhile.

(I)Tracor MBA Factory List Prices for:

Blind Area Viewers — $650.00 each (lot quantities of 20)
Right Side Rear-View Mirrors 12"x20" with 30" Radius of Curvature - $4223.00

.each (lot quantities of 29
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3.4 Acceptance by Drivers and Management

In all cases where the individual driver was shown that
the BAV was installed to help him without adding to his responsibility
or eliminating any right-of-way for the vehicle, the driver accepted the
BAVs and liked them, particularly those installed on the right side of
the vehicle. They also liked the CCTV and greatly preferred the mirrors

over the ones they had been using.

Management generally did not express an opinion of the
visibility aids except for the safety officers who were very much in

favor of all the visibility improvement devices tested.

3.5 Life and Durability of Visibility Alds

At the end of the long term field test program, the visi-
bility aids were removed from the test vehicles, inspected and returned

to the U.S. Bureau of Mines, Twin Cities Research Center.

3.5.1 Close Circuit Television Unit

One of the earlier models (even before the test was cocmplete)
had the camera encleosure completely flooded with water which destroved the
camera. This unit had not been sufficiently protected from the environment.
Two other (improved/ruggedized) CCTV units stood up well to the environment
with no noticeable abnormal deterioration. However, on both these units,
the automatic iris of the camera's lens had vibrated apart as had happened

in earlier tests.

3.5.2 Left-Side Rear-View Mirrors

One cof each of the left-side rear-view mirrors at each test
site suffered frame structure damage from being struck by extremities
of other vehicles or fixed structures. The actual damage or accidents
were not reported by the drivers in sufficient detail to determine if
the design could be improved to provide greater life or durability.
Only 30% loss in over 24 months of testing was not considered objectionable.
Several mirror glass replacements were required for broken mirror glass
caused by rock spills, collision, etc., (approximately 50%) but this also
was not considered cbjectionable, or abnormal in an open-pit mine

environment.
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3.6 Industry Acceptance Results of Marketing Effort

Since the BAVs and right-hand mirrors-were so well
received by the test mines and appeared to be beneficial to industry,

steps were taken to make them commercially available.

Tracor MBA manufactured a trial lot of BAVs and dis-
played one at the 198th International Coal Show in‘Chicago. The
BAVs were offered at a low-discount-introductory price which a few
companies and potential distributors tock advantage of. As of this
writing, eigh: mines have purchased trial units and many others have

requested information for further considerationm.

The right-hand or right¥side (rectangular-convex) rear-

view mirror was also offered to industry.

The left-hand flat mirror will also be offered to industry
if the market study indicates the mines will be willing to pay the cost

of an improved version over those that are presently available,

The CCTV system will not be offered at this time, but may
be considered at a later date when more durable and less costly components

are available.

As of this date, nmine management has been reluctant to in-
vest the dollars needed to equip all their large haulage trucks with the
BAVs and improved mirrors mainly due to the slump in business as a whole
and lower demand for minerals. When business and the mineral demand
improves, mine manaéement may start including the available improved
visibility aids in the specifications for all their new haulage trucks
and loaders. 1In this way the haulage vehicles would be delivered to
the mines with the increased visibility aids included in the approved
capital investment for haulage units and no additional cépital

expenditure requests would be needed.
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4.1

4.2

4.0 CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The closed circuit television system needs
less costly, more rugged, longer lasting
components to be cost effective and reliable,
but that the system developed performs the
functions well for which it was designed,
i.e., to allow the truck driver to see
directly behind the truck.

The improved left-side rear-view mirror was
superior and preferred by the truck drivers

over those presently available in industry.

The rectangular-convex mirrors for rearward
viewing to the right-side of the truck were

superior to the circular convex mirrors.

The 30" radius of curvature mirror is preferred
for its larger image. The two inches of extra
length in the rectangular version was not

detrimental to the driver's direct view.

The fresnel lens Blind Area Viewer was the

greatest innovation in visibility improvement.

Standard off-the-shelf lémps can be added to
the BAVs to provide illumination for their

use at night,

Recommendation

Continued publicity should be given the new
improved visibility aids to inform the
mining industry of their availability and
of the possible benefits to be derived from

their use.
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5.0 APPENDIX

Appendix A

DISCUSSIONS OF COST VS BENEFITS
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APPENDIX A
DISCUSSION OF COST VS BENEFITS

The concepts of "cost-benefit" and "cost-effectiveness" have come into in-
creasing usage in recent years in an effort to justify (or attack) an existing or proposed
safety program. As O'Neill and Kelley(l) point out in their informative paper, both of
these concepts are often misunderstood and misused.

There is much room for discussion as to what is the appropriate criterion of
statistical significance to apply in interpreting the results of such a program as
visibility aids. In attempting to plan for a "before vs after" type of evaluation of
accident occurrences, there is no pre-established significance leve!l that automatically
can be used. It is most appropriate that a study present the essential raw data as well
as the level of statistical significance that was found. Then, arguments can be made in
support of the particular acceptance level the authors choose to use. Some authors of
scientific papers don't choose any level, but instead merely report the results and let
the reader reach his own conclusions regarding the risks and trade-offs associated with
accepting or rejecting the null hypothesis. '

This is sometimes difficult to do, because one can only attempt to consider
all the consequences and then decide whether or not there is enough likelihood for a
real difference to have occurred to warrant making a decision. For example, the
reader must decide whether a 5% or a 10% or a 20% chance of being wrong is worth
the risk. However, there are two ways of being wrong, namely falsely accepting as
being real a difference in accident experience that is actually only apparent, but not
real. (This type of error is called "Type I"); and the risk of falsely rejecting a real
difference ("Type II" error).

This hard fact of life for researchers is rather cumbersome. It is more
clearly stated by the following diagram to show the various decision alternatives and
possible errors in assessing the effectiveness of a visibility aid.

True State of Affairs

The Aid is The Aid is
Effective Not Effective

The Aid is Correct False Alarm
Effective Type I error
Researcher's
Decision The aid is Miss Correct
Not Effective Type Il error

Usually it is not feasible to protect against both kinds of errors simultan-
eously. The decision-maker must, therefore, decide which kind of error would be the
most severe and obtain greater protection against that particular kind of error. As
related to the question of visibility aids, a Type ! (false alarm) error would be to
conclude that the aids are effective when they really are not. A Type Il (miss) error
would be to decide that the aids are not effective when they reaily are. Which ever
error would hurt the most, that is the error for which one should make the greatest
attempt to avoid.

(1) O'Neill, B. and Kelley, A. B., "Costs, Benefits, Effectiveness and Safety: Setting
the Record Straight, "Society of Automotive Engineers Reprint No. 740988, 1974



A related and very impertant point is that the researcher actually never
has the option of saying "There was no difference.” He can only state, "l found no
evidence of a difference.” There is a great and important difference between these
two statements. For example, if one chooses to be 95% confident that he is not falsely
accepting a "no difference" result (Type 1), he might well be taking a very high (80
- 90%) risk of rejecting a real difference that would be of benefit (Type II, due to
the small change in accident experience necessary to show a real benefit when an
individual accident can cost severa] hundred thousand dollars.

This again brings us to a consideration of the appropriateness of the cost-
benefit approach in evaluating visibility aids. In an excelelnt paper recently published
on the topic, O'Neill and Kelley(]) agree with several other researchers who state that
where the saving of lives and injuries is concerned, there is no adequate way to express
"benefits" in dollars. Since comparable unit designation is a prime requirement for
conducting a cost-benefit analysis, such analysis may not be valid. Actually, O'Neill
and Kelley argue that it is not even necessary to perform a cost-benefit analysis,
because it is more appropriate to perform a COST-EFFECTIVENESS evaluation,
wherein the criteria do not have to be stated in terms of dollars. This argument is
stated by O'Neill and Kelley as follows:

"Cost-effectiveness analysis compares the cost of alternative
means for effectively achieving an agreed upon goal. The
means may be programs, technologies, devices, or combinations
of approaches. The goals are often expressed in public policy as
laws and standards.

Much of the philosophy and methodology of cost-effectiveness
analysis was derived from cost-benefit analyses. As a result,
there are many similarities in the techniques and many people
confuse the two." (pp. 3-4)

The authors go on to point out that in order to perform a valid comparison
between two (or more) alternate means for attaining a goal (i.e., accident reduction),
the capability of measuring the cost and effectiveness of each alternative must exist.
However, while in the cost-benefit approach, both costs and benefits must be measured
and compared in monetary units, the cost-effectiveness method requires that the
systems being compared have common goals or purposes, which do not have to be
expressed in monetary units.

In the case of visibility aids, their costs would be the basis for estimating how
many accidents would have to be prevented by other alternative uses of the same
amount of money. Apparently this type of evaluation has not yet been attempted for
visibility aids and, indeed, O'Neill and Kelley condlue that it is not being used very
much in general in high safety. \

Since most, if not all, of the alternative methods for expending mine safety
funds also cannot show "proof" of the number of accidents they would prevent, a cost-
eifectiveness evaluation of visibility aids cannot properly be accomplished, and it is
possible that a decision to use them could therefore be based solely on the of the
amount of increased visibility and consequent human factors advantages.

(1)

op cit
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In any event, writers on the topic of cost-benefit analysis are in agreement
that this analysis must take into account all of the costs, all of the benefits and all of
the alternatives. For example, Pagano and Sauerlender, 2 in their most thorough dis-
course state: :

"Probably the most conceptually difficult aspect of benefit-cost
analysis is the measure of the benefits of each alternative
project or system. When the terminology "cost-effectiveness”
is used, the measure is referred to as a measure of effective-
ness. The analyst would have a comparatively easy task if all
the benefits were known and could be quantified. This is not
the usual case. Most benefits are subject to a great deal of
uncertainty, and the analyst may not be able to estimate even
the likelihood that a beriefit may be at any given level. Some
benefits and costs are not even subject to quantification. How
does the analyst measure the increased security and well-being
of society? He cannot even measure, let alone place a value on
these benefits." (p. 160)

Even assuming that it were possible to list all of the benefits to be derived
from the use of visibility aids, it would still be very difficult to perform a
comprehensive cost-benefit analysis. We could never be sure that our information on
the benefits was as accurate and complete as that on the costs, and it is highly unlikely
that we would be able to apply a uniform quantification system ‘to all the factors
involved. ‘

Pagano and Sauerlender cite opinions by many other authors, and the con-
sensus seems to be that because of its limitations, benefit-cost analysis should be only
one of the tools used by the decision-maker in determining the best course of action.
If it is properly done, it can be the best tool the decision-maker has at his disposal; but
it should seldom, if ever, be the sole basis for a decision.

When the listing of benefits is incomplete, as in the analyses performed in
this study where we have concentrated largely on accident reduction, the results of the
analysis are even less to be trusted. The analyses that have been conducted in this
fashion are victims of the "sole criterion fallacy," described by Pagano and
Sauerlender, which states that it is a fallacy to assume that a single criterion, such as
accident reduction, can be used to evaluate all alternative safety programs. This is
because of differences in complexity and other aspects among the various programs.

An additional problem that arises when using accident reduction in benefit-
cost analysis is that it is very difficult to determine dollar costs for fatalities. O'Neill
and Kelley(l) say it can't be done and recommend a cost-effectiveness approach to get
away from the need to quantify benefits in monetary terms. The present authors
agree, for it would make possible inclusion in the analysis such factors as driver com-
fort or stress, increased alertness, more efficient maneuvering, etc.

(2) Pagano, A. M. andSauerlender, O. H., "Benefit-Cost Analysis", Appendix E in
Roadway Delineation Systems, Washington, D.C.: Highway Research Board, National
Cooperative Highway Research Program Report 130, 1972

(1)

op cit



It is likely that one benefit of visibility aids would be a reduction in driver
stress (increase in driver comfort) due to the increased visibility and resultant de-
crease in uncertainty. Pagano and Sauerlender(2) also discuss this under the heading of
"Strain and Discomfort of Nonuniform Driving," and go on to say that such strain and
discomfort is a road user cost that can be reduced through hnghway improvement. The
present authors feel this cost could also be reduced by vehicle improvement, such as
improved headlights, taillights and passive aids to vehicle visibility such as reflectori-
zation and improved reflex reflectors (larger and less directional). Pagano and
Sauerlender quote the following from an AASHO report:

"There is value in the convenience of being able to go to one's
destination without interference. There is a comfort value,
over and above the saving in vehicle operating cost, in being
able to drive without frequent brake applications, stops and
starts, or unexpected interferences to travel. There is value in
the conservation of health through driving in a relaxed manner
without the tension necessary where roadside interference is
imminent."

and they go on to say that:

"There are two problems involved in the evaluation of the strain
and discomfort factor. One is the enumeration of the factors
that affect strain and discomfort; the second, the placing of
some dollar value on this cost.” (p. 184)

Again, however, it should be stressed that inability to quantify certain
benefits ‘and/or costs should not automatically be used by the decision-maker as an
excuse for excluding them from consideration. There is too much at stake.

One further point bears discussion before leaving the general topic of cost-
benefit or cost-effectiveness analysis, and this has to do with the use of accident
records to derive accident reduction estimates.

As the reports by Arthur D. Little, Inc. (3) and T. W. Forbes( ) point out, there
are a number of methodological difficulties involved in any attempt to use accident
records to prove or disprove a traffic safety benefit. Particularly is this true when one
is dealing with the prevention of crashes, rather than the reduction of injuries or
fatalities. Any accident records approach is fraught with problems that arise in the
accident reporting process, in which a relatively small amount of information normally
is reperted about the accident circumstances. Particularly meager is information

describing the driver's capabilities and the nature of the roadway and environment
leading up to and surrounding the crash location.

o

(2)

(3) "The State of the Art of Traffic Safety," Cambridge, Mass.: Arthur D. Little,
Inc., June 196&6.

op cit

() Forbes, T. W., "General Approach and Methods," Chapter 2 in Human Factors in
Highway Traffic Safety Research (T. W. Forbes, Ed.), New York, N.Y.: Wiley-Inter-
science, 1972.
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There are many combinations of accident-producing circumstances. Any
attempt to prove a safety benefit must take account of these many circumstances in
the research plan, and the researcher can deal with this in two ways:

1) Select for study only those. accidents that are matched on all variables
except for the one(s) under study, or

2) Study a random selection of accidents from among two or more groups of
drivers that differ only in the experimental variables.

Neither of these methods is easy to accomplish, since they require large
sample sizes plus detailed information on accidents and/or drivers. It is for these
reasons that studies often employ the "before-after” approach. As pointed out earlier,
however, the difficulty with this approach is that one must be preapred to deal with
any and all of the many other changes that may occur during the periods under study.

Selection of the two populations of drivers to be studied is critical when the
simultaneous approach is used, and selection of the type of accidents to be studied is
also critical. As stated earlier, there are so many factors known to relate to accident
causation that a matched sample approach will require study of hundreds of accidents
to produce meaningful results to be able to study daytime collisions with parked
vehicles. This is the type of accident in which visibility aids would be expected to be
of most value to an approaching driver in detecting a vehicle. However, a large
number of total accidents is necessary in order to provide a sufficient number of this
type of accident for adequate statistical analysis, and while this approach would
isolate a single, accident-related circumstance, there are many more.

Regardlless of this issue, however, when it is not possible to isolate satis-
factorily a particular set of accident circumstances and the study must compare
groups of drivers or vehicles, it is definitely not appropriate to concentrate on a few
types or accidents solely for drawing conclusions. All accidents incurred by both
groups must be looked at collectively, as well as in their separate categories, in an
effort to ascertain whether the two groups of drivers (or vehicles% are truly
comparable in all aspects except visibility aids.

The following list presents some of the factors that should be considered in
any study of the effectiveness of visibility aids in terms of accident occurrences:

1. Exposure to risk - -

The groups of drivers to be studied should be matched, to the extent possible,
as to the mine layout and type of driving rules that are in force.

2. Driver age and driving experience - -

The groups should be matched at least in coarse groupings that differentiate
on these variables.

3. The "novelty effect” - -

It is desirable to allow at least one year to elapse after introduction of visi-
bility aids to allow for the novelty effect to wear off before collecting
"after" data, and also to permit any "learning effect" that might occur to
take place. That is, "after" measurements should be made only when the new
relationship has stabilized.

4, Driver vision - -

Because of the wide range of visual abilities found in the driving population,
and the demonstrated relationship between vision and accidents, as much

information on visual performance (particularly night vision) of the drivers as -
possible should be obtained.

— g9~






5.2

Appendix B

BLIND AREA VIEWER AND RIGHT-SIDE MIRROR

INFORMATION AND INSTALLATION DATA SHEETS
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5.2.1 Blind Area Viewer

Tracor NiBA

Blind Area Viewers

BLIND AREA

FRlMAlY VIEWER
COYERAGE /
QF BLIND AREA -

CPTIONAL”
VIEWERS
COVERAGE,

Iy

53 VISIBLE AREA
: WITHOUT VIEWER

Provides a 60 degree wide angle view of
biind areas to approximately 70 degrees
below the line o7 sight.

Information and Installation Data Sheet

"The truck driver can use Blind Area Viewers to check his blind area when he is STARTING OUT or
MOVING SLOWLY. The Driver can also use Blind Area Viewers to keep track of people and equipment
near his truck when it is stopped. One to three units per truck recommended depending on truck size,

configuration and requirements. One unit per large wheel loader.

BLIND AREA VIEWER FIELD OF VISION

BLIND AREA
VIEWER
GRADE WORIZON _ _ _ _ = \

AD LN L
DOWNWA AREA OF VISIBILITY
i IMPROVEMENT

) 20
| opspore ¥ -2

! Reproduced from
best available copy.

. — —
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" |Reproduced from
1. |best available copy. €

MOUNTING LOCATIONS &

1. Viewed through right door window (Primary) -
7. Viewwd through right comer window (Optional = For lerge trucks)

3. Viewed through windshield (Optiona! = For very large trucks)

4. Viewsd (hrough window {Whes! | caden)

LIST OF CONTENTS: ¢ One Blind Ares Viewer (amsembled}
% Orne Mounting Bracket (sttached to Blind Ares Viewer)
®  Ore Mounung Hardwara Kit

MOUNTING LOCATION: Mount 3 Blind Arss Viewsrs on a haulage truck in the loilowing lecazlons:
® Lot comar of the engine hood (viswed through front windshieid of cab)
% Right cormer of the engine hood (viewed through right forward window of cab)
*  Right side of truck an the deck, fan housing, etL. {viewed rough right door window)

-

LWAHNING Do not carry Blind Amg Viswsrr up o wuck lacoer. Use s eafe medhod spprovwed by OSHA or MSHA m lifr them anto the truck tr:]

INSTALLATION PROCEDURE:
Position the mounting bracket st sach location according to these guidelines:
®  Have the driver sit in the driver’s sest 10 puite placement af the mounting bracket
®  Aim the long dimemion of the brackat at the driver’s nommal position
s  Make sure the front adpe of the mounting bracket is entirely overhanging the truck sdgs
®  Align snd mark 4 {2 on each 1ide] widely 1psced mounting holes in good locations for mounting bols
& The mounting brackat is designed to ba mounted level on & 113t surface. |f the 10CAtion is nat level, it 15 up to the owner 10
' febricate hardware to position the sthock mount level
Wald mounting bolt ta the st surfacs viing the detached mounting brackat &s & template {waiding fixture) 10 hotd the bolt heads
in positian, a1 previously marked {see Fastener Assembiy Detail); recheck alignment
Assembia the Blind Arsa Viewsr and mountng bracket (see Fatner Assambly Oetail)
Mouny the ssambled Biing Arss Viewsr on the mounting bolts according to the shock mount assambiy detail.

WARNING: The 2lind Area Viewer & not balanced and will fall off ig mouncing belis /¥ not held on or fsmned down. Far safery, have a 3/8” nur
ramly o spin on one of che mar moundng bales whan lifting the Blind Arms Viswer into ja mounong bola
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ADJUSTMENTS FOR VIEWING:

The rear hood snd louvers sne detigned to reduce glaws and refisctions on the isns. The glars and refiection cannot be sliminated
Homiy; h , W can help idarably.

TWT: With the driver in the driver’s it 1o guide Te sdjustmant, tiit the BIind Ares Viewsr forward untli reflections sre minimized end
the visw Trough the bottom half of the lens is clesrest. The lens giass can reflect the deck, cab, hand rails, or the bettom of the
Ioad bed ovarnang and the tilt adjustmeant can reduce it stfect. The operator shoul@ muke gury that tha Tens tilt adjustment is
optimum for his truek and the lighting conditions st tha mirs.

LOUVERS: WIth the driver in the driver's sat 1O guide &/UTMNE, rotats T Jouvers by hand until they appdar to ta driver as & thin line.

CLEANING: Clean the [sra glan with window washing solution snd wipe with ¥ paper 1owsl.

To clean batween the (ouvers, apDly sxcers Clasning 101ution and silow it 10 run #agd drip oft ten wipe between the iouvens
Htarting st the top.

WARNING: Ba swam of the danger of falling. Clagn /eve in § wafs mmf.l

MAINTENANCE: v Repiace damaged parta by disassambly. Bent or dented sheat rmetal para can b straightensd in the walding shop.
Touch up finish with Austoleum #4112 fiat bisck paint.

Note: The ters assambly consitts Of 2 plastic lensis 1aled Detween 2 sheeth of sutomotive safety slate glase The ealant aed s a
Kot malt butyl.
FASTENER ASSEMBLY DETAIL _—-——-—_—_
EMOCK MOUNT WELDING PIXTURL

mnur

1

S

‘ |
[ = p— — FLAT § WAkl K -

< _1 L L L
i
L WY e IR
I
f l ki i 24 NOUNTING ARASKET

REMOVE BRACKYT
™LO IOUD

NVERUIE wASKIR
BT ANDARD wASHER

BLIND AREA VIEWER ASSEMBLY —
TPACER AR E PLAT ETANG AND WARHEA
iR WA R ALAR HGOD E LOCK WASRER
OUTER WASHER e h T
174~ BOLT Lot - ‘, R ."“ ) 5 = - -
\
- v WOUNTIRG MRACERT

SLOTTED LOUVYER MOQD RUBEEA wASHEN
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EXPLODED VIEW

LENS ASSEMBLY

|REAR HCOD

LOUVER HOOD

LOUVERS

Tracor MBA

MBAssdmares Post Otfice Box 196 Bollinger Canyon Rcad  San Ramon. Caiilgrnia 24583 Te'ephone 415: 837 7201
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5.2,2 Right Hand Mirror

Tracor MBA

Right Hand Mirror for Large Haulage Trucks

Provides a well shaped rectangular fieid of view of th2

right rear side of truck. View scene includes top edge
of load bed and rear tire gr~und contact. The angles of
view approximate 70° vertical and 48° horizontal.

The mirror is convex with a spherical radius of 20° and

is rectangular — 16°° long by 12'* wide. 1ts support and

mounting system provides proteétion from load spills
and damage when being scraped by garage door frames
or other structures. |t has a protective top cover and_

readily swings aside if pushed by another object.

nformation and Installation Data Sheet

The driver can use the Right Hand Mirror to check his rear biind area when BACKING UP
or MOVING SLOWLY to see if people, equipment or other obstacles are in a dangerous
position for his operation. -
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RIGHT HAND MIRROR INSTALLATION AND MAINTENANCE INSTRUCTIONS ="

MOUNTING LOCATION:

. Mount the Right Mand Mirrar Assempiy above
and outboard from the signt front corner of
the deck abave the front wheel,

- Locate the susembly 1or viewing tegugh the
window of 1he right door a3 far forward &
possible.

AIGHT MIRROR

\ ,

RIGHT HAND MIARROR FIELD OF VISION

DARNINC.;: Do not carry the heavy pisces up the truck /adder. L a safe method approved by OSHA or MSHA ro fikt them arre the tne i decs

ADJUSTMENTS FOR VIEWING:

% The two subassemblies comusting of Hoid Down Plates, Clamps, Friction Rings and Fantenen are designed to perform two
tunctiors. The first funerion i1 10 allow easily and accurately adjinied angis positioning of e 1ubular suppar with te immeaen
ughtsned sufficiantly to hold the arm in trial positans. The speond function g to prevent damage to e Mirtor try destructive
foro such o causdd by the truck’s encounter with an obatrucuon. This 7equites additional tightening of the tatermn &
described below. The U-boll faswners which attach the Mirrar 1o the Support arm are not intended 10 slip during use snd are
loosaned only for 1ilt and reach adjustments of the Mirror and Support stm.

PAN, TILT AND REACH ADJUSTMENTS:

& With ths driver giving im1ructions while seatsd in his normal posnition and postur, and the Peat Clamp friction ssembliss and ™e
U-botty loosened endugh for elsy movement byt Tight #nough to prevent undenred change of patition during gdivsonent move
the Mirror up and down {rowte around support arm) for vertical till sngle adjusrment; slide mirror housing inboard and outbasrd
on the supporr arm for AEACH distance adjustment: and swing tha support post fer harizental PAN angla sdjustment. The best
possibla mirror sdjustment will produce & vigw 1cene Including the top resr of the (a0 bed and the DOTIOM of e reer tire, and,
without 104ing 190 Much of Thi bird and Ure, a3 1arge an res i postibie 10 the right of the truck. This Must be accompiished
witk the REACH adjustment focating the mirror gs near 10 the truck & posyible. At this point, it may be found thar the Adaprer
Bracket shouid tw in 2 sightly different location. This 13 accomplished by curting the rack walos with a grinder or chisel and re-
waiding tn the more suitable [acgtion. After contfirmarion of proper scaprer position, the welds should be mace hgh-strength
wilh deep penetration and larger basds.

FASTENER TIGHTENING:

®  With the gips clamps fulty tightened, tightan the four fetaners on e oD friction s1embly 10 that when pressing 5t the
cutboard end of the support srm pipe. maximum Poshbie thumb-only pressure will swing the arm. Lowsen these Tour fmtenars
exacty two turns. Repeat the above procedurs with the botiom friction insembly, except in this cae. afar thumb pressure mit
tesve 23 adjUntad and retightan the top friction assembly axactly two turm of esch fastener. Check final 2djustment with two
thumbs. tf support arm extends more than two nchet sutbaard Trom the mirror, Cut off the excess.

MAINTENANCE:

®  Repiacs 08mMages Darts when Nacessary; keep murror glass surface 2lesn by using wINOoW Wathing SOIUNGN ANG wiPiNg wih Pap?
towal, |f paint needs touching up, use Rustoleum =659,

ReProducred‘ f;
best available 32"
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Reprodu

ced from

INSTALLATION PROCEDURE: (Refer ta Exploded View)

best available copy.

®  Pasition the vertical center of the Mounung Bracket as far forward & powsibie and spaced inboand from the 1ight edge of the deck
to leave allowance 10r the 1hickness of the user-furmished Adaptar BrackeL Mark deck for Adspter Brackst location.

®  Maks the Adapter Bracket {54¢ swageations! end temporarily tach weld the Adsoter 10 the deck wnd/or ather truck Mtructure with

wrull, minimum strength weidy. This will sitow emy change of lacarion, if found to be nrwcessary.

®  Permanently wald the Mounting Bracket 10 the center line of the Assoter with 1o boriom 4 - B inchws above the dech, Thas ha

Prowsn Mot iatisfaCIory during fiald 1am.

®  Loogssly 1mten the two Poat Clamp Atsemblies to the Mounting Brachet. one above and ane below. (Nots the correct arrangement

in Exploged Viaw.) o

®  Kewping in mind the required fwing Of the Mirror and SUPPOTT DOVt whan it it accidentally struck, MeRIuM T Neight sbOVe the

deci which i3 detired tor the top af the mirrgr. Cut the longer leg of the support port 10 this length.

®  Insert this shortened leg of the post through the Mounting Grackel pnd Camp pueces, BMPOranly LGNENING the gight Tmtenen
engugh (o preveni sliphage.

®  Faun the mirror assembly 10 the horizontai leg of the wupport post with the U-boio.

4 Adjustthe tightness of mounting bracket, pipd ciamp and mirtor fatenars to illow swing and 1)t sdjustment of the mirror without
extreme manual force, and yet irdure (hat fingl tightening in the desired DOSITON GRS NOT CRuM S1iPEINg out of current

adiusument,

SUGGESTIONS: Adapter Bracket

®  The adaprter bracket should be made of strip or plate stes! snd mounted in & vertical petinon. It can ba eithar fres tlanding
(attached to truck deck plate only) or artsched to bath tha deck piate and hand raif structure. The mounung brackst s attached
10 the sdapter Drackel. ATBChMants can be g:ther by screw Trteners or by weiding Welding n recom mended.

TYPICAL ADAFTER BRACKETS

MIRROR INSTALLATION COMPONENTS

leem
No. Dewription Part No. Q.
1 Mirror Assambly, Right Hand 115732-500 1
Mirror - 127 u 20" - J0R Convex 1152329 ]
Housing Mirror 116098-300 1
Balt 3/8" - 18 unc. 14 Lp. Hex, Md. 115732:20 2
. Lock Washer - 3/B" 11573221 2
Washar - 3/8” madium 115732-27 2
Nut - 3/8" - 16 unc. Req Hex. 11573222 2
Clamp, mirror 1157511 -]
Locknut, Mirror Clamp 10-32HH 11573218 L]
Tap Plate Assembly 115734-300 1
U-balt with nuts 157325 2

97

STANDING
ADAPTER

nalL

SUMMORTED
ADAFTER
Dexcription Pert No. Oty
Support, Mirrer Howsing 1157381 1
Maunting Assembiy 118362.500 1 et
Mouynting Bracket 118737 1
Plate, hold down 1157281 2
Ring. Friction - Steel 1157381 8
Ring, Friction - Polyethylene 115739-2 4
Clamp, Support Past 1153825 2
Weshar, Flay 4" 118362.7 ]
Bolt, %" - 20 wne. 2-%" L. Heu, Hd. 11636248 8
Lockwashar, '~ Med. 1163629 8
Nul, %" - 20 unc, Aeg. Hex, 116362-8 ]



EXPLODED VIEW

MIRROR FASTENER

SUPPORT
POST

MIRROR __~ MIRROR

Lg HOUSING
= «

d§
& éﬁ\ HOLD DOWN

PLATE

POLYETHYLENE
PIPE CLAMP

FRICTION RINGS

MOUNTING
BRACKET

BOTTOM
CLAMP ASSY.

Tracor MBA

MBAssociales Post Office 8ox 196  Bollinger Canyon Road  San Ramon. Caitormia 84583 Telephone 415 837 7201
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Appendix C

OCLI HEA MULTILAYER COATING SPECIFICATION
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OCL OPTICAL COATING
LABORATORY, INC.

PRODUCT

1 T2

' SPECIFICATION

HEA 11-002C MULTILAYER ANTIREFLECTION COATING FOR

(TITLE

CCNTRAST ENHANCEMENT PRODUCTS

6020020

(M ERY

ST oF . 5
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OCLI Zacraoav .

1.0

2.0

3.0
3.1

3.1.1

3.2
3.2.1,

3.2.1.1

Reproduced from
best available copy.

SCOPE

This apecification defines the minimum requirements for a mulcilayer
high efficiency antireflection coating for contrast enhancement
products having refractive indicies within the range of 1.450 zo 1.550.

APPLICABLE REFERENCE DOCUMENTS

The following documents form a part of this specification to the extent
specified hereia.

MIL-C-675A Coatings of Glass Optical Elements {(Antireflection)
MIL-C=14806A Coating, Reflection Reducing for Instrument
‘Cover Glagses and Lighting Wedges :
MIL-M-13508 Mirror Coating Process, Front Surface Aluminized
‘ for Optical Elements
MIL~STD-105D Sampling Procedures and Tables for Inspection

by Attributes

REQUIREMENTS

Spectral Ferformance

The specular rlflec:ancs from & coated front surface measured at an

_angle between 02 and 15 shall be:

Location Max. Reflectance Wavelenath
Center 0.3% Average Between 0.6Z Reflectance Intercepts
Center Upper 0.6% 650nm (min.)
Lower 0.62 ) 430um (max.)

The maxisum allowable wavelength shift from center to the corners of

the part shall be no more than 10% lower than the upper 0.6% rgfle:tan:e-

iztercept, and no more than 2% greater than the lowver 0.5 reflectance
intercept.

Environmentallburabilitz Characteristics

Product acceptanca.

Adhesion (snap tape) = The coating shall show 1o evidence of damage
after Scotch brand #610 cellulcse tape is pressed firmly agsinst the

coated surface and removed guickly with a snap of the wrist (refarence
MIL-M-13508B, paragraph 4.4.6}, .

0Zn0T09

Y, S NT TITWE
L

SCE alv. oES =G

Mulllayer antireflection Coating for
Contrast Enchancement Products 6020020

L3

Sl - De2
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OCLI Zasrsmns me.

3.2.1.2

3.2.1.3

1.2.2
J.2.2.1

3.2.2.2
3.3
3.3.1

3.3.2

3.3.3

i 3.3.4

i
i

H
t
ti
!

STl __oF

Abrasion Resistapce (200 Eraser Rub)-The ceoating shall withstand being
subjected to the 200 rub eraser abrasion resistance test, prior to
humidity test (reference MIL-C-14806A, paragraph 4.4.7).

Humidity ~ The coating shall be capable of wighstaﬁgiug continuous
exposure for 24 hours in an atmosphere of 120°F + 4 F and 981 + 21

" relative humidity without evidence of deterioration (reference

HIL-C-675A, paragraph 4.6.9).
Product certification. -

'Salubiligz - The eoating shall show no evidence of deterioriaticn after
being immersed for 24 hours in water containing 3ix ounces of sodium
chloride per gallon (reference MIL-C-675A, paragraph 4.6.8).

Temperature -~ The coating shall show no evidgnce of detsrioraaion
after exposure to ambient temperature of -80°F and +160°F for a
period of five hours at each specified temperature (reference
MIL-M-13508B, paragraph 4.4.4).

Surface Quality

Inspection conditions - Nermal room light, matt white background,
60 watt Tungsten or 2-30 watt fluoresceat lamp, approx. 20" from the
light at a 30° ipcident angle. Transmission and reflection.

Scratch = Visible
> 005" Wide None allowed
.002-,005" Wide Max. accumulated Leagth 2"
< .0Q2" Wide Disregard

Digs (opaque round defeczs -

Visible .
> 030 ° None allowed

.020-.030 3 max. per &" circle !
< ,020 Disrsgard

Stain - Visible by transmission, none allowed.

SOCumMEmT TITLE

\
T
[
v
|y

Multilayer Antireflaccion Coating for SE= Agv.  jaEs we
Contrast Enchancezent Products Orig. 6020020 - .

0200209

Ll

st - 3
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'3.3.5

3.3.6

4.0
4.1
4.1.1

4.1.2

4.1.3

L4.2

guT__4 _or

Tooling Marks - For parts that are coated in the exact finished product
size, the maxizum tooling mark along the periphery will be 1/4".

Edge Chips - .040" plus 0.010" for each addicionmal inch (diameter or
disgonal) over 2” yp to max. of 1/8".

-QUALTITY ASSURANCE PROVISICNS

Spectral and Environmental Acceptance Tests

Acceptance test and measurements will be made using polished glass
witness pleces that have been coated in the same batch as the
substrate being evaluated.

Spectral measurements will be performed on a witness plece with a
refractive index withio + 0.0l of the substrate's refractive index.

All environmental and durability tests will be performed on 1.52
nominal index witnesses.

Witnesses from each hatch shall be tested in accerdance with Table I.
Failure to meet one or more requirements shall be cause for rejection
of parts processed in that batch.

. Table T Acceptance Testing

Requirement Witness Test

Test Paragraph 1234 Paragraph
Spectral 3.1 x 3.1
Adhesion 3.2.1.1 x MIL-M-13508B, Para. 4.4.6
Abrasion 3.2.1.2 x MIL-C-14B806A, Para. 4.4.7
Humidity 3.2,1.3 x MIL-C-675A, Para. 4.6.4
Solubility 3.2.2.1 * MIL-C-67%5A, Para. 4.6.8
Teaperature 3.2.2.2 . J.2.2.2

*0CLI will certify to this requirsment without testing each batch.

Surface Quality Acceptance

Multilayer Antireflection Coating for SEC atv. eCR ~C.
Centrast Enchancement Products Orig. I 8020020

0200209

J

agL! -

NSz
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OCL OPTICAL COATING
LABORATORY, INC.

4.2.1

5.0

5.1

5‘2

5.3

5.4

6.0

6.2

8T, 5 cF

Surface quality of the shipping lots are warranted to mast s -
2.5% AQL. (Reference MIL-STD-105D)

PREPARATION FOR DELIVERY

The an:ed parts shall be clean and packaged in a manner to ensure
adequate protection against breakasge or damage during reascnable
handling and transportation.

The parts will be shipped in protective containers provided by OCLl
-or in reusable ceontainers provided by the customer if the containera
lend adequate protection to the coated parts. '

OCLL certifies thac each shipping lot meets 2ach requiremenc of this
specification. A spectrophotometric scan will be supplied showing
spectral conformance to 3.1 upon request only. All suppertive data
will be ratained for inspecticn purposes for a period of three ysars
from the date of shipment.

All shipping packages shall have comtained or affixed iz a manner to
pernit convenient access, & packing slip containing the quantity of
parts, descripcion, and date shipped.

CLEANING

Coating s impervious to dust and dirt in normal emvironments. Dusting
with a dry, soft, clean cloth 1is sufficient. Eeavier soils may be

. removed with:

Detergent and Water - Joy, Sparkle, Alconox, Liquinox
Armmonia-Based Window Cleaners = OCLI TFC Cleanar, Windex, Glass X

Solvents -~ Ace:oné, trichorcethylene, benezene, xylene,
methyl echyl ketone (MEK],

Scouring pads, abrasive cleaners, acid solutions, and chlorinated cleaners
will affect the coating and should mot be used.

- .
P SQTneENT TITh

il
t

SLE LY. FR

6020020

Multilayer Ancireflection Coating for
Con:rast Enchancement Products

0100209

B8w - E'CT
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Appendix D

BAV INSTALLATION ON 945B WHEEL LOADER
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i FIATALLIS

CONSTRUCTION MACHINERY, INC.
3000 South Sixth Street, Springfield, llinois 62710 {217) 789-3000

03 December, 1380

M. B. Associates
Bollinger Canyon Road
San Ramon, CA 94583

Attention:  Ma. Jim Einfes
Project Engineer

Dear Mr. Eirles:

Thank you for allowing Fiat-Allis to use your blind area
viewer for a test installation on our 945B Wheel Loader.

The viewer has been removed and returned to M. B. Associates,
Attention: Mr. Jim Eirles.

An attached sketch shows the location of the viewer on the
945B.

Operator comments were neutral. This may be due to the
following reasons.

1. The machine was operating in a large open area
so it was not necessary to have good close up
visibility to the rear of the machine.

2. The 945B is narrow compared to proximity of
objects near the machine during normal opera-
tion at our Proving Grounds.

3. The operators seldom look back so the viewer
was not an obstruction to vision.

A Proving Grounds supervisor commented that dust accumulation
and vibration were not a problem and that if the machine was
larger, or used In a congested area, the viewer may have been
used more.

Sincerely,

Mynon L. Vigesaa
Project Engineer
Crawler Tractor Engineering

ca
Attachment 106






Reproduced from
_besl available copy.
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Appendix E

HANDEOOK OF MIRROR TECHNOLOGY FOR LARGE HAULAGE

TRUCKS
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Handbook
of

Mirror Technology
for
Large Haulage Trucks

Guidelines for Selecting and Using Mirrors
on Lerge Haulage Trucks

February 1980

Supplement to Final Report
To
U. S. Bureau of Mines/MBAssociates

Contract H0262022

“Improved Visibility Systems
For
Large Haulage Vehicles”

Preface

This handbook Is the result of an effort to develop and
test Improved Visibility Systems (USBM/MBA Contract
H0262022) for use of the drivers of mine haulage trucks.
This development effort inciudes an ongoing study of
truck mirrors and the visibility needs of truck drivers.

The need for a mirror technology handbook became
apparent because of a lack of straightforward information
on basic mirror usage. Some of the information presented
here was developed from ongoing, long-term testing of
improved mirrors and other visibility aids on large mine
haulage trucks.

This handbook provides practical information to personne!
in the surface mining industry for gpplying modern mirror
technology to the safety needs of large haulage vehicles.
An atternpt hos been made to make this handbook useful
to both edministrative ond supervisory personnel involved
with the selection, installation and maintenance of mirrors.

DISCLAIMER CLAUSE

The views and cenclusions contained in this document
are those of the authors and should not be interpreted
a8 necessarily representing the official policies or recom-
meandations of the (nterior Department’s Bureau of Mines
or of the U. S. Government.

MBAssociates

Bollinger Canyon Road, SanRamon,.Califorma 84563
(#415)837-7201/837.8181 - TWX No.910-389-6380



Introduction

10 = 30" _./
PLANE
MIRROR

INTRODUCTION

The shape of 1arge haulage trucks creetes the need for s wide angle
mirrar view. For example, the requirad vertical HHald af view 1hown

ROUND above is mars than double that which it usad on highway Trucks,
CONVEX yet many haulage trucks use highway Type mirrors.
18" DIAMETER
30" RADIUS

This handbook provides information on tha size, shape, faatures,
Iocation snd mounting of haulsge truck mirrors 10 provide the
driver with s better visw so that he cen drive and manauver safely

ROUND MIAROA SELECTION

CONVEX

18" DIAMETER Haulage trucks are utublty eqQuipped with mirrom that are readily

30" RADIUS available from conwvenient suppliers. Mirrors which are berrer
uited 1o the needs of large hauleoe trucks genarally are marketed
by amall specialty manufacturers or can be ipecial ordered. The
sources of haulage truck mirrére ara:

Safety squipment distributon {catslog arders}
Haulage truck manulscturers .
Specislty producs menufacturens

Spacial order fabrication

Reprodur;ed frror
best available cg‘py.

AECTANGULAR
CONVEX

3 12" x 16

20" RADIUS




Left Mirrors

L af 1 o
PLANE
MIRROR

6 x 18
PLANE
MIRROR

R 107 x 30
PLANE
MIRROR

|
YEATICAL
FULD O vilw
L

PARTIOF TRUCK Noa
A ROA yiEw

LEFT MIRAORS

Left mirrors are used to observe trafiic and for guidance while
backing, When backing, 8 high quality, weli-oriented left mirror
view sllows the driver 10 Temain seated with his hands snd feet
placed Drdurlv on the contrals of the truck . Without s isft mirrar
the driver would have 10 Isan out the isft door window of even
open the left door 1o e when backing. In sither of these posi-
tions, lom of control of the truck & 8 potentisl safety hazard.

FIELD OF VIEW REQUIREMENTS

When backing to a berm a truck driver can bert judge when to 1t0p
If he can Observe his rusr tire ms it spproaches the berm. He can
also [ude if he is lined up perpendiculer to the berm. This requires
a downward angle of view of 30" . 35" degrest, m shown sbove.
Whaen spotting at ¢ shovel the driver can judge his position if he ob-
mrves the rear tire as it approaches the bank and fallows previous
tire tracks. The driver 8110 Ateds to cbearve the teeth on the shove!
bucket when sporting st 8 waiting shovel, This requires an upward
view of 10° - 15° gegrem.

For normsl driving a wide angle view ks desirable for obsarving
treffic.

Reproduced from
best available copy.




Left Mirrors (cont.)

10" x 30"
PLANE
MIRROR

10" x 30
PLANE
MIRROR

L . }
10" 8" 8

TOP OF
LOAD BED

_~ SIDE OF
.-~"  LOADHED

_~ SIDE OF
. REAR TIAE

=10}

GROUND
BESIDE
REAR TIRE

— 0

-
PIVOT ADJUSTMENT
S, S g

MIRRDR SCENE REQUIREMENTS

As shown showve, the drivar needs to see the following features
in his raar vigw sceng o judpe his pogition or situmion with con-
fidence: R

The ground behind the truck
- The ground beside the reer 1ire
The tice of the rear tira
Tha side of the (opd bed
The toD edge of the load bed
The space sbove the load bed
The clearsnce from other squipmant ar objects

These view 1cene festures con be used bert when obsarved in »
singls, adequattly sized mirror. With the mirror shown sbove,
as the driver’s concentration shifts fram faature to featuras. only eye
movernent il nesded. With a smatier mirror the driver must move
hit head to sez whar he nesds. With two or more small mirron,
shown at left, the driver's eyes and mind heve 10 SOjust 10 8 New
orientation when the driver switches his gaze from mirror, 1o mir-
ror. Mirrory larger than 127 wide block 100 much of the driver’y
direct view; however, mirrors 30" 1o 45" high can be mounisd
assily on haulage trucks,



— —a0
Repreduced from a2
best available copy ThS

Left Mirrors (cont.).

M 1
6 n18” pmaoam CuiRRgE D PeCE GRINEd
PLANE MIRROR ‘ . ,
40" FROM DRIVER Y T .-
==z g3
4__:2-‘.% i
o :
-k
4,/
- /
s -
i S
ol -
WEmOR s Ao D v g
[SIET T ]
1 wibl ~ . A LLTLY
é .,
‘ MIRROR POSITION

The distance betwesn tha left mirror and the driver is vary impor-
wnt. The tield ot view of a flat (glane) mirror gets smolisr = the
mireor is moved pway fram the driver, The figured shown above
and left show what tield of view can be expected from a 12’ x 30°”
fiat mieror st ditferent distances from the driver, The mirror
. shown st 30" is spproximatsly an arm’s regch from the driver.
oo l 1961 o Loko WP ¢ Any flat mirror view can De svafusted this way by using simple
b . peomatry and the opticat lsw of reflection,

L .

y 67 x 18~
PLANE MIRROR
30" FROM DRIVER




Left Mirrors (cont.
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9’ x 30" PLANE
MIRROR WITH

THE VIEW

ROUND CONVEX
MIRROR
6 DIAMETER

ROUND CONVEX
MIRROR
6 DIAMETER

ADD-ON CONVEX
MIRROR DISRUPTING

)

L)

14
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AUXILIARY LEFT MIRRORS .

On wice bed trucks am additiona) fiat mirror may be nasded 10 we
the side of the rear tire, &3 shown abowe.

When visw requirements piges tha mirsor aver 40 from the driver
a small (8" diameter or lets) convex mirrer mounted sbove o out-
board the reguisr mirrar can provide a greater fisld of view for use
while driving, NOTE: Do not mouni any added mirron on the fist
mirror becauss this will intsrrupt the vertical tcene and couss
probiers in judging distanca, locstion and clesrancs. :

OTHER FEATURES

Cther left mirror features which can aid the driver’s usspe and
view are: .

Sstety backing for sharter resistance
Quick<chsnge glass for 188t repair
Reamats contro! pivot adjustment far wide engle glance
Adaitionsl convex mirror for wids angle view
(8" dismeter or lezs)
Tilt sdjustment for w!l ae short driven

11
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Left Mirrors (cont.)

ROV CTIVI SILLL -

108 BRACKET

- AUT)LIARY
waluud

LGmT
BOTTOMBRACHLT ot Bhau

- BRACI

¢ ANTLON RECNFORCED RUSEER DA SEAAATED
WASHE A ALLOWS § AN AD/ STy

MOUNTING GUIDELINES {Large Lstt Mirrors)

® The left mirror is viewed through the left door window

of the Cab.

DOOR MOUNTED 10 x 30" MIRRDR ®  The left mirror i forward of the driver.

WITH REMOVABLE .

BACK PLATE ® The left mirror i3 meunted slightly outboard of the load
bed 30 the side of the Ioad bed can b viewesd, [ mounted
to¢ close, the driver cannot see the side of his 1ruck or his
tires on the ground, Tharetore, he cannet judpe where ob-

TELESCOPING jects are. [f mounted 100 Tar cutboard, the lield of view is

TUBULAR recuced, the mirror iy vuinerabie 10 dsmage and it becomes

MIRROR mare difficult for the driver to move his head far enough to
MOUNT view around the mirror.

& The left mirror is mountsd 5o that the sve lewel [horizon)
ia spproximatly 1/3 of the way down trom the top of the
mirrar,

® 11 needed, & thieid mounted on the load bed ovearhang will
prevent dsmage from iosd bed spilfs.

@ The mirrcr mount muit be 1trong #nough 1o prevent
vwibration from intsrfering with the view and to hold i
adjustrmant. {Nylon, reinforcad ‘'rubber’”’ or serrated washers
can Do uMd between the mirror and i3 mounting bracker
to sliow and hold hand pivot sdjustment.

@ The mirror and iz mouna must not hinder acome 10 and
from the cab.

® Left mirror can 2110.be Mounted to deck posts, on the hand
rails or from the top of the ceb. If the esb is more than 18'"

SHEET METAL mboard of the 1osd bed. mounting tg the door i not
MIRROR MOUNT . recommended,
12 13



Right Mirrors

. ROUND CONVEX
12" DIAMETER
16" RADIUS

AOUND convex o
12" DIAMETER !*
30" FADIUS

ROUND CONVEX
12" OIAMETER
50°' RADIUS

14
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RIGHT MIRRORS

Right mirrors, like lett mirrors, are used o avoid hezerdy while
driving, but they csnnot be used e effectively for guidance when
backing. Right mirrors are typically 15 10 24° from the driver;
thersfors, § curved convax mirror is needed 10 provide s large
snough field of view, While providing a !args figld of view, tha sizx
of imagm (views of objects) in a curved mirror is Much smaller
than those in  flst mirrar, This makes it diMicult o judge distances
or clsarances ar 16 recognize smsll cojects on the ripht side.

Figt mirrers gnd various sites of round convex mirrors sre prasently
wsad a8 right mirron on haulage trucks. A New Rectangular son-
wex mirror is now being tested and will sso be described.

FIELD OF VIEW REQUIREMENTS

The right mirror is primarily used to check for the traffic and
cbstruction avoidsnce when tuming right. ht is slto used in B
general way ro chack truck position when backing sng 1o check

" truck position in [ine with showel bucket teth when gpotting on

the left side of a thowl. Az shown showe, g large verticel fisld of
view [t required. A downward sagle of view of sbout 35° i de-
wirgbie for the jame ressons thar apply to lefy mirron.

. .15



Right Mirrors (cont,)

RECTANGULAR CONVEX
12 x 18"
20" RADIUS

B x 30
PLANE RIGHT MIRROR
20 FEET FROM DRIVER

ROUND CONVEX MIARROR
12" DVAMETER
20" RADIUS

PLANE MIRROR 16 FEET FROM DRIVER

20
—_———
@{:" 30" PLANE MIRROR

PLANE MIRROR
FIELD OF VIEW

YERY LIMITID
SI0LO OF vitw "
1 L akl R AON e

1 R TARGULAR
EORVER IARDR

ADDI F.CMAL

vilwor
mAlanDOS
AREa SEER R
RISTancuLal
COMwE1 R ADH 7
rLant wiknOR
17 Diaur TEw
JRLI- FIELD OF VIEW
o aadi COMPARISON

MIRROR SCENE REQUIREMENTS

For traflic observation and hszerd svoidence s ressonabie tieid of
view i} required with the images in the mirror sopesring lerge
enough 1o be recognized. The same visw features a1 the left mirror
78 needed 10 judge the reletive POSition of obttecles, The shove
figure thows the mirror scenes of a flat mirror, 8 round convex
mirror and the new rectangular convex mirrer, The rectangulsr
convex Mifror has a bettar shape than the round convex mirror
for the fisid of view and mirror scene reguirements,

In & smallar convex mirror, {12 diamater) with a goud field of
visw, recognition of obiects in the scene i difficult unless the
obiects viewed contrmst sharply with the background. Brightly
painted objects cen be seen better. The beat conditions for
smalisr canvex mirror are sunny clear weathar with a fight colored
background (light tan 30il). On dark colorsd ground,with frequent
avercast skies and reduced visibility weathar,a larger convex mirror
i naeded for the 18me image recognition,

17



Right Mirrors (cont.)

- ~. ROUND CONVEX
-~ v 18" DIAMETER
: 30" AADIUS

AOQUND CONVEX
12 DIAMETER .
50" RADIUS

NOTE DISTORTION

ADUND CONVEX
18" DIAMETER 30" RADIUS
RECTANGULAR CONVEX
12 w16 20" RADIUS

RIGHT MIRRQR CHARACTERISTICS

{Approximatz}
. 5 p ; Simof imegn '! E'!
;5 of Gbjees .EFE ;sa
Gire 3&' S g
Type “
MINIMUM SPECIFICATIONS Fair 4° | s0°
PLAIN
12" = 30" Recuinguiw Flat | Near lite tize ”» | d
ROUND CONVEX
12" Orometer Corvex 15" | Peor | 482 | 94°
Most 20~ | Fair »° | 70°
Typicaly [ 30" [ vary good =0 | & )
Lhed 50" | Eacetient 1
18" Dramatar Conven | 20"7| Fair 14 .
ing Lisg — | 78" | Good [ R
18" Dmerer Convex 25" | Good 43 | 84
Increming Lhage — | 30" | Very good _| ]
20" Dismeigr Conven 25"7] Good 2g% | o4
30"%| Vary good ° | 78
40"'7| Excellent X° ' 68
NEW RECTANGULAR ;
CONVEX |
127w e 20" | Fau @ | 70
12 = 20" 'f:: 307 vary 0 T 48" ]
127 2 30" 40~ '] Excelient 42 L

Below minimum specification

"NOTE: Fisid of view m2plis onty 1Rrough

the center of 3 round conwex
mifror. A amaiier i of view 1
mome acceptable m » rectanguler
COnVEX MIrrOr. A Barcentsgu
{1G40%! of the horagnul feid
of vitw it LA 1D vilwe 1M LCH
of tha 1ruck.

!N presgnily
wasd on wrucks,

TYFES AND SIZES QF CONVEX MIRRORS

Conwex mirrart are generally specifisd only by sixs: howewer, the
radius of curvature iy very important, Typicel convex Mirrors vary
from a radiun of curvature al 15 to 50", in s convex mirror with
8 large redius, images pf objects sopear larger; howevar, the lield
of view is smaller. The sbove chart shows the spproximate specifi-
cations of common and idsa! right mirrors. In soma applications
tome mirror charsctaristics may hawe 10 be compromised. The
foad bed shape can 8ls0 cOMPromise the vigw EcENe requirements.
Mors then one mirrar can be used.

On trector treiler trucka, right mirrors ciossr than 12' from the
driver gain aciditional fiald of view and imags quality.

19
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Righ’r_Mirrors (cont.)

ROUND

CONVEX

18" DIAMETER

0" RADIVS

DECK POST MOUNT

ROUND
CONVEX

18 DIAMETER
30 RADIUS
LOAD BED
OVERHANG
MOUNT

RECTANGULAR
CONVEX

12 x 18"

20" AADIUS
BENT PIPE
SWING-AWAY
MOUNT

ROUND

CONVEX

12" HAMETER
50" RADIUS

POST ARM MOUNT

19

MOUNTING GUIDELINES

® The right mirror must be vigswed without obstruction
through the right door window 01 the cab,

& The right mirror should be mounted & far forward s pos-
sithe,

® The right mirror is mounted slightly outboard of the truck
0 M 10 view the side of the truck. 1Y mounted 106 close,
the driver cannat judge where obijscts are; if mounted 100
far outbosrd, the mirror is wuinergbls to damege.,

@ (f negced, y ghield/deflactor moynted on the 10ed bed will
prevent damage from laad bed pills.

@ The mirror maunting post can bs stisched to e cab deck
or 10#d bed pverhang. 1t should be 1trong enough to brevent
vibration from intartering with the view scane.

® A swing-swsy release fsature can prevent demsge due to
scrapes with garege doors and other structures.

ROUND CONVEX
MIRROR

12" DIAMETER
50" RADIUS
WITH WAVY LINE

. DISTORTION

¥; HANDRAIL MOUNT

ROUND CONVEX
18” DIAMETER

30" RADIUS

DECK POST MOUNT

RECTANGULAR
CONVEX MIRROR
17 x 18"

20" RADIUS
BENT PIPE =
SWING-AWAY |

BLIND AREA
VIEWER -.

21
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Mirror Usage ,

QUARTER DRIVER'S USE OF MIRRORS

SPHERE

MIRROR Drivers wnd to develop preferences for mirror placsrment bead on
18" RADIUS their experignce and will sdjust mirrory for their own use. With

inrgs, weall designed mirrors there it less need for this sdjustment,
ond the clesrsr, well-orignted images improws driver confidence
while driving snd backing.

Privery do becorms snnoyed and frustreted by mirrom that ame
flimay, lOCss, require cOMSTaANT readjLUItment OF are amily damaged.
Weli designed, properly mounted mirrors creats a relisble fisld af -
vitw and tend to be wall maintsined by driven.

Mirrors do not provide 8 view directly behingd the resr tires, This
blind arss is sccommodated in 4 ways:

® Driver situstion swareners of atl tepfiic in the sres

@ Turning when backing . . . the mirror view tweeps the
plind area

# Guidanca from a man on the ground

® Mine traffic procedures thet direct others to remain in the
driver's view

MIRROR MATERIALS

Glass mirrors ganerally retain & good view Quality until damaeged.
Damaged g'ats mirrom fores repiscement, but damaged. plestic and
metal Mirrors fraquently aré kept in use even though the visw
quality has become degraded by dents and 1cratches.

QUARTER \
SPHERE ADDITIONAL USES FOR MIRRORS
MIRROR
15 RADIUS 1 Mirrom can be used 10 view blind arees in front of hautsge trucks.
ENGINE HOOD ! A3 shown on the (sft, & Quarter sphere mirrof haa a view of the

arsa in front and to ths sides of vhe forward bumper. For viewing
forward and right blind areas. Freane] lenses can give a better
oriented view and are being teted for this applicstion. See phote,
page 21,

TRUCK LIGHTING

MOUNT

In sddition 10 well placed stationary lighting st the dumps and
shovels, mirror view at night can be greatly aided by aiming the
backup lights to spotlight the ground in the mirror views. All othar -
lighting on the truck it needed in crder for treffic 1o judge the

BACKUP LIGHTS driving situstion. Due 10 the short life of light buibs and fewer
AIMED TO AID supervisory pemsonnel st night, redundsnt liphting on trucks is

MIRROR USE prefarsble.
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