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. The obj ective of this proj ect was to improve a driver's field of
view for large trucks used in the mining industry. Rearward viewing
was enhanced by improving the rear-view mirror designs. Rear vision
was accomplished using a closed circuit television system. Views a-
head, to the right, and downward were obtained with a blind area
viewer (BAV). The BAV is a unique combination of fresnel lenses
housed in a shielded, environmentally protected enclosure that pro-
duces an image of the area in front of and downward 70 0 and to either
side of the BAV 300

• The improved visibility devices were evaluated·
by long-term, in-mine testing. The right side mirror (RSl'l) and BAV provide
the greatest improvements for the least cost and are commercially avail-
able. 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
areas and hazardous situations detectable.
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FORB-lORD

This report was prepared by Tracor ~'!:SA (:or.:'.erl:l ~·!3Assoc:'aces)

of California, under USBM Contract H0262022. The contract ~as initiated

under the Federal Coal Mines Health & Safety Progra~. It ~as ad~inistered

under the technical direction of Twin Cities ~ining Research Center wit~

Mr. Guy A. Johnson as Technical Proj ec t Officer. ~·!r.!<.. j. S:':1.0:1.:'c"C\ "..,ras

the contract administrator for the Bureau of ~ines. T~is re?ort, ~clu=e I!,

is a summary of the work recently completed as a ?ar: c: tjis co~tract

during the period May 1978 to January 1981 and was sub~:'tte~ by the authors

on 29 January, 1982.

Volume I of this report was submitted en A?ril 30, 1978

and covered the period of this system's develop~er.t and initia~ in-~:'~e,

on-vehicle testing t June 1976 to April 1978.
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EXECUTIVE S~~~~Y

Large rear dump hau~age trucks used in s~r:ace ~ini~g

operations have a severe problem with restricted driver visibility

(or field-of-view). The driver cannot directly see large areas adjacent

to his haulage truck. These blind areas can conceal fron the driver large

utility vehicles, pickup trucks, cars, personnel, structu=es and road

hazards, resulting in dangerous situations. Analysis of blind areas,

haulage truck operation, usage, traffic situations, accident history and

environmental factors reveals that present visibility aids (mirrors) are

inadequate and that the visibility problem is greatest in the right :ront

and rear areas around the typical haulage truck. The proble~ ceco~es

acute in shovel, du~p and utility areas in the typical s~r:ace ~i~e.

The benefit of improved visibility is a reduction in the accicent po~en­

tial and substantially less property da~age.

Based on visibility needs, an i~proved visibility syste~

was developed during Phases I through IV or this program. T~e :i~st

generation hardware was demonstrated on an actual production ha~lage

truck to evaluate its errectiveness, prove the design concepts a~d

investigate design improve~ent. The system consisted of a larger Ie::

rear-view mirror assembly, a rectangular convex right ~irror, a ~ni~ue

blind area vie<N'er and a ruggedized CCTV syste~. The 31ind Area ','ie"..:er

is the first application of the fresnel lens concept to t~e ?roble~

of ~ine haulage truck blind areas. The investigation carried out i~

Phases I throu~h IV of this project was reported in Fi~al Re?ort, ~ol~=e

I, which can be obtained from U.S.Depa=tment of Co~.erce,

Technical Information Service, Publication ~o. PE 28606j,

~:aticnal

Visibility Systems for Large Haulage Vehicles" ~!3Associates, Sa:1 ?-a::cc:'l,

California, 30 April, 1978.

The left mirror is a nine-inch wice by twe~~y-seven-i~c~

high mirror, with a small convex mirror attached. It was ces:~ne~ :cr

ease or maintenance (glass replacement) and provic.ec an O?t:':::'..:::". ·.. i2",,·

of the left side rear area including orientation :ea~u=es s~c~ ~5 ::~2

------
Reproduced from
best available cop.
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Reproduced from
best available copy.

ground at the rear tire and the top edge of the load bed. Both of

these features are needed for efficient operation of the vehicle.

The right mirror asse~bly is a rugged 12 by 16-inch rect­

angular convex (spherical) mirror with a 20-inch radius of curlaCure.

The rectangular shape gives the optimum vie~ configuration with a co~­

pact shape for mirror protection.

The Blind Area Vie,l1er (BAV) is used to vie~11 Che 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 'lie~.; of

objects within five feet of his truck as opposed to the driver's usual

60 feet to 70 feet wide blind area. The Bli:1d Area ,\'ie',.;er co,.sists of

a three-element fresnel lens which provides a do~~ward oriented 70 degree

vertical and 60 degrees horizontal field of view.

The CCTV' system ,.;as designed to gb"e the driver a 'lie',,;

to t~e rear similar to an automobile rear view mirror. It consists of

a ruggedized camera enclosure ,....ith a se!!li-automatic le:1s \.;ir.doioT cleanir1:§;

system. The GGTV' camera is a tubeless CCD charge-coupled ::::?e ~.;hich

uses only five watts of power at 12 volts. It has a ~idE angle, autonatic

iris lens for extended light range, and blooming is elini:1ate~ by ::he CCJ

device. The monitor is a standard GeTV' type witj t~e ?icture reversEc

right to left for rear view orientation.

The visibility system eliminated 85 ?ercent 0: t~e

forward and right blind area and 95 percent of the rear Jlinc areas.

This is near total coverage of the areas that have an identifiable :,1s::cr:-­

of accidents. The total visibility system (t,.;o nAVs, t,.;o i:::p:.-oved

~irrors and GeTV' system based on a total cost of about SiGOO) is cost

ef~ective for trucks of 170 tons or larger. Without t~e CCT~, o~e 3A~

(5650.00) and one right-side mirror (S425.00) are cost effect~~e fer

trucks larger than 85 tons.

8



During Phase IV of the progran the syste~ was show~ to De

effective in a short term demonstration on a lSO-ton productio~ haulage

truck. It was then subjected to long tern in-mine testing i~ four dif­

ferent mines located in Southern California, Wyo~ing, ~ontana and

Minnesota. This long te~ 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 eli~inate objection­

able glare and sun reflection. These improved models were also subjected

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

The improved mirrors were very well received by the

drivers who clearly preferred them over the available co~ercial ~ocels.

The Blind Area Viewers were found useful by the drivers, es?eciallj the

one mounted on the extreme right. The front nounted BAVs, although hel?­

ful to many drivers, were not judged to be as necessary as the right sice

BAVs. The drivers were usually aware of the possible hazarcs d~rectl:: ~n

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

fo~~ard direction.

The general response by drivers was that t~ey felt ~uch

more confident while operating their trucks when they perso~ally coul~

see where they were going, and that the area was clear, rather than

naving to rely on others to direct them or tr-Jsting chac no one ',,'ould

get in their blind area. Thus, the overall effect:"veness 0: the s:"s':e~

developed is excellent. The most beneficial effect of t~e i=provec

visibility is the achievable increased productiVity in truck haulage.

A few seconds saved per cycle by a !:'lore confide:l.t c:-iver I e:qeriencin~

less tension fatigue during the maneuvering of his vehicle in anc araunc

the load and dump areas, can readily result in an increased ~onthly

tonage hauled. The increased safety of operation as?ect (reducec

accident potential and cut tires) is a plus that should also De =on-

sidered.

As a result or the favorable acce?tar.ce ":I:: ~::c'..lSt:':: .:-: _ .. ::

Blind Area i.iie'..7er and the right side mirror, Tracor ~3.-1. :.s :'..:r::e:-:. :2.::

or:ering these units as cornnercial products.

9

Reproduced from
best available copy.



1.1

1.0 INTRODUCTION PHASE V

Background

In Phases I through IV of this ?roject an analysis was ~ace

of -large haulage trucks used in open ?it mining evaluating the driver's

visibility, the truck's operation, traffic situations, accident histories

and environmental systems in .order to design, fabricate and in-mine test

a prototype improved visibility system.

This previous work was covered in Final Report Volume I

\.hich can be obtained from the National Technical Infomation Serlice,

U.S. Department of Cormnerce, Springfield, VA 22161, title "I:r::p:-oved Vis­

ibility Systems for Large Haulage Vehicles". Publication ;10. PE 286065)..,

author, MBAssociates.

1.2 Purnose.

The purpose of this Phase V \·lOrk was to evaluate t;,e ';:'5-

ibili ty aids developed during the previous four phases and, ~..he :-e = ., •.. eaS:jle,

perform some redesign to effect acceptance by industry. Previous ·N-ork

indicated that the improved visibility system could be very be~ericial to

industry by helping to reduce accidents and improve efficier.cy 0: operation.

This would result from providing the operators with greater visioilicy

and thus knowledge of hazards as they developed. ~any accidents occur

because the driver or operator is unaware of the develop~ent 0: t~e

hazard that produces the accident.

By field testing over a relatively long ~eriod ir. actt.:a:

mining environmental conditions and during normal mining operations, t~e

visibility aids could be fully evaluated as to their functioning, dur­

ability and acceptability by drivers, mine ~anagers and ~aintenance

personnel.

1.3 Objective

The main objective of the Phase V has to ~rove or 6is=ro~~. .

the performance, durability and acceptability of the ,isibi:it:: 2:=S
developed in previous phases by conducting ac~ual in-~~~e tests c: ~

reasona~ly long duration.

10

Reproduced from
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1.4 Scope

To provide adequate data for a reliable evaluat~on of t~e

visibility aids, ten complete improved visibilitj syste~s, three ~ith

CCTV systems, were fabricated and installed on three trucks in three

mines for long tern testing. One system was retained as a spa~e. The

three mines selected were chosen for their extreme weather conditions.

One was chosen in the desert area of Southern California for its relatively

high temperatures and dust conditions. One was selected in the iron are dis­

trict of }tinnesota for its relatively low temperatures and frequent rain

and snow conditions. A third mine was selected in the Wyorning/~ont2na

region which would exhibit both relatively high and low te~?e~atures and

frequent rain and snow conditions. A third mine was selected in the ;,yo~i~g;

:1ontana region which would exhibit both relatively high and 10'.1 te:::.oe::-atl1rp

extremes and rapidly changing conditions of mud and dust.

The tests took place ever a twelve (12) ~onth period in

order to give time to the truck drivers, manage~ent and ~aintenance ?er­

sonnel to get used to the novelty of these new visibility aias. It also

allowed for a full range of seasonal environmental conditions, and to de­

ternine maintenance and replacement require~ents.

Monitoring of the tests was achieved by ?ersonal visits 0:
Tracor XBA engineers who inspected the visi~ility syste~s a~d ~uesticned

the equipment operators. This info~ation was suP?lesented ~y tele?hone

inquiries to the safety directors, mine ~anagers and various ~aintena~ce

personnel involved at the test mines.

At the end of the test the units were re~oved :ro:::. the :est

vehicles and inspected for defects or deterioration. All were =eturnec to

USBM Twin Cities Research Center, Minneapolis, Minnesota.

Reproduced from
best available copy.
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1.5 ~ines Selected for On-Site Testi~~

The mines utilized for long ter~ field testi~g of the in-

proved visibility system were as follows:

California

Minnesota

'i';yoming

~fontana

Eagle Mountain Iron are ~ine

Kaiser Steel Corporation
P.O. Box 158
Eagle Mountain, CA 92241
Mine Manager: John O. Englund
Safety Director: Wm. A. Eastgate

Erie Mining Company
Pickands Nather & Company
P.O. Box 847
Hoyt Lakes, :In. 55750
~ine Manager: George Le~ick

Safety Director: Robert L. Giuliani

Belle Ayr :Iine
&~X Coal Company
P.O. Box 3005
Gillette. Wyo. 82716
Mine Manager: Ed. Calahan
Safety Director: Don Har.ey

Decker Coal Company
P.O. Box 12
Decker, ~ontana 59025
Mine Manager: John Gable
Safety Supervisor: Gary ~ebb

1.6 Truck Models and Sizes

:he visib~lity systems were ins:alled in 1979 en ~au~a~~

trucks in the four test mines as follo~.;rs;

Mav 1979 - Erie

Truck 7404 85 ton Unit Rig 2 BAV's, R&L :lirrors

Truck 7411 100 ton Unit Rig 3 BAV's, R&I.. :~i :"ro r s

Truck 7423 170 ton Euclid 3 BAV's. R&L ~·!:'rrC"r5

Truck 7430 150 ton Unit Rig 1 EA\', !'-&L ~.!:.. r:-~ r s

-----
Reproduced from
best available copy.

- --~
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May 1979 - Belle Ayre

Truck 185 120 t.on Wabco 3 BAV's, R&L :1irrors

Truck 227 120 ton Wabco 3 BAV's, R&L Mirrors

Truck 234 120 ton Unit Rig 3 BAV's, R&L Mirrors, eCTV

Removed BAV's - August 1979

Removed mirrors - January 1981

August 1979 - Eagle Mountain

Truck 474 100 ton Rim Pull 3 BAV's, R&L ~1irrors

Truck 607 150 ton Terex 3 BAV's, R&L Mirrors

Truck 615 150 ton Terex 3 BAV's, R&L ~1irrors , CCTV

August 1979 - Decker Ccal

Truck 24 170 ton Euclid 3 BAV's

Truck 29 170 ton Euclid 3 BAV's

:'::uck 33 170 ton Euclid 3 BAV's
I-~~pr~d~~ed fro~ -
I best ava ilable copy.
L ____ ~_~______~_~_-'

1.7

1. 7 .1

Technical Description of Blind Area Viel,,'er (BA.\') Including
Installation and Maintenance Procedures

Blind Area Viewer Develooment

Although the development of the BA\' ,,;ras covered in Vol. ~

it is being repeated because it is the most novel and important aspect

of the improved visibility systems.

The Blind Area Viewer is an entirely ne,,;r concept in its

application to mine truck haulage. The Blind Area Viewer was developed

to ,help the truck driver see into the blind areas to the front and r~gn~

of the truck. It is basically a fresnel lens (or flat lens) ~hich has a

l,vell oriented, ,.;ride angle view producing an image 0::: the scene

below the driver's unaided line of sight. A first generation 3linc. a~rea

Vie1,l7er is shown mounted on an engine hood in Figure 1.7-1.

13
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FIGURE 1.7-1
BLIND AREA VIEWER - FIRST GENERATION

14 3117 ·16150





The main feature of the Blind Area Viewer is a downward

angle of view of 70 degrees combined with a wide horizontal vie\v 0: 6U de­

grees. This allows objects to be seen to within five feet of the truck.

This particular fresnel optical capability is unique in the

fresnel lens industry and the Blind Area Viewer is the first known application

of this particular fresnel concept. This fresnel 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 dO\,;T1\<lard

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 two panes

of safetx 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 away from the driver to optinize the optical

qualities. This tilt of the lens improves the vie,·: by reducing light losses

and is most effective in a range from 15 to 25 degrees dOw~~,;ard tilt.

The fresnel lens system has the following features and

specifications:

~ The fresnel lenses are pressed into plastic plates

composed of cellulose acetate butyrate and have a

design life of five years. Each fresnel lens unit

is l2-inch by l4-inch by l/8-inch.

• The two elements of the fresnel lens contain three

linear echelon analogs of cylinder lenses.

• The field of view is 70 degrees C0T••':nvarc :r-on c:CJe

observer's line of sight. The horizontal field of

view is 60 degrees. This is a rectangular wide angle

field of vievl \vith the dO\.;rm,ard angle of vie,,;

Reproduced from
best available copy.
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FIGURE 1.7-2

BLIND AREA VIEWER - LOW PROFILE MODEL

16 1741-17361





emphasized. The do~vnward 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 do~ward.

• The lens assembly has an esti~ated light loss of

between 15 and 20 percent. This light loss increases

in the view range from 50 to 70 degrees do~ward.

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 vehicles can be seen and

recognized.

• Glare must be controlled for effective utilization 0:
the fresnel lens assembly. The best approach which

does not increase light losses is 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 bea~s,

area flood lights, shop lights, etc.) and illunination

sources (other headlights, taillights, or flashlig~ts).

This 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 ~ay be

needed.
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1. 7.2 Installation and Maintenance of BAV

The installation of a BAV on a truck is a very si~ple

procedure of welding four bolt heads to the deck or top of a cabinet

using the BAV as a template to 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 bolt 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 recommended maintenance is simply to keep the l~ns

clean by washing when needed wi th normal windm.,T t.,Tashing 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 they are made of sheet

metal.

Illustrations, Figures 1.7-3 and 1.7-4 are reprints

of tt.,TO pages of the "Infonnation and Installation Data Sheet" prepared

to be included with each BAV for the customer's info~ation. A co~plete

pamphlet is included i~ the appendix.

1.8

1. 8.1

Technical Description of Mir~ors Including Installation
and Maintenance Manual and Mirror Handbook

Left Side Rear-View Mirror

Background study of the left side rear view mirror revealed

this mirror is used to mainly position the truck when backing to the load­

ing position or to the dump berm. Thus it should give good orientation

to the driver. He should simultaneously be able to see the horizon, the

top of the load bed and the rear wheel's ground contact. for safety oz

-- ---------,
Reproduced from
best available cop.
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Traeor MBA
BLIND AREA VIEWER INSTALLATION AND MAINTENANCE INSTRUCTIONS--

MOUNTING lOCATIONS -0
1 VIEweu through fight dOor Wlndo',"v (Primary~

2 VIE':jed through light corner ~'vlndow (Optional - For large Hucks)

3 VI€\".'ecJ through \\,'IndshlelcJ (Opuonal - For '.'ery large trucks1

4. Vlc\·,.eu lhrough V\'1(l[JO\'v (1.'I,'heel Loaders)

LIST OF CONTENTS: •
•
•

One Blind Area Viewer (assembled)

One Mounting Bracket (attached to Blind Area Viewed
One Mounting Hardware Kit

•
•

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

Left corner of the engine !"Iood h'iewed through front windshield of cab)

Right corner of the engine hood (viewed through right forward window of cab)

Right sIde of truck on the deck, tan hOUSing, etc. (viewed through ri.ght door window)

WARNING Do nor carry Blind Area VieWS'f'S up me truck ladder. Use a safe method approved by OSHA or MSHA to lift them onto rhe truck rieck.

INSTALLATION PROCEDURE:

PosItion the mounting bracket at each location according to these guidelines

• Have the driver sit In the dn ....er·s seat to gUide placement of the mounting bracket

• Aim the long dimens.ion of the bracket at the driver's normal pO~ltlon

• Make sure the front edge of the mounting bracket is entirely o ....erhang~g the truck edge

• Align and mark 4 (2 on each Side) Widely 'l.paced mounting holes in good locations for mounting bolts

• The mounting bracket is deSigned to be mounted level on a flat ~urface, I~ the location IS not level, It IS up to the owner to

fabricate hardware to POSitIon the shock mounts le .... el

Weld mounting bolts to the flat surface uSing the detached mountIng bracket as a lemplate (welding fll'::ture) to hold the boll heads

In poslllon, as pre .... iously marked (see FaSlener Assembly Detail): recheck alignment

~ the Blind Area Viewer and mounting bracket (see Fastener A~sembly Detail)

Mount the assembled BlInd Area Viewer on the mounting bolts according to the shock mOunt assemblV detail.

WARNING: The Blind Area Viewer is nor balanced and win fatl off irs mounting bolts if not held on or fasrened down. For safery. have a 318" nur
ready ro spin on one 0' me rear mounting bolrs when lifrlng the Blind Area Viewer into Irs moun ring bolts.

FIGURE 1.7-3

BLIND AREA VIEWER INSTALLATION
AND MAINTENANCE INSTRUCTIONS

111 1631-17345



Tracor MBA

ADJUSTMENTS FOR VIEWING:

---:;::~~~-=-:----'--;:::---..,.......--
1_-- Reproduced from
\, best available copy,,

TIL T:

LOUVERS:

CLEANING'

WARNING:

MAINTHJANCE:

The rear hood and louvers are designed 10 reduce glare and reflectIons on the lens. The glare and reflection cannel be eliminated

complelely; howEwoer, adjustments can nelp considerably,

With the driver In the driver's seat to guide the adjustment. til! the Blind Area Viewer forward until reflectiOns are minimized and

the view through lt1e boltom half of the lens 15 clearest. The lens glass can reflect the deck, cab. hand rails. or the bottom of the

load bed overhang and the till adjustment can reduce Its effect. The opera[or should make sure that the lens [ilt adjustment IS

optimum lor hiS truck and (he lighting conditIOns ar the mine.

With the driver in the driver's seat [0 gUIde adjustment, rOtate the louvers by hand until they appear to the driver as a thin line

Clean the lens glass with window washmg solution and wipe With a paper towel.

To clean berween the louvers, apply e)(cess cleanmg solution and allow It lO run and drip off. then wipe between the lou ....ers

starling al the top

Be aware of the danger of falling. Clean lens in a safe manner

Replace damaged parts by disassembly Bent or dented sheet metal parts can be straightened in the welding ShOD.

Touch up finish with Austoleum =4 12 flat black painr.

Note The lens assembly conSISlS of 2 plastIC lenses sealed between 2 sheets of automotive safety plate glass. The seal an! used is a

hot melt butyl

FASTENER ASSEMBLY DETAI L-----------------------------
SHOCK MOUNT

(illJNur
I

~LO"WASH'A
==::l:=:::::J' F'lATSTANOAROWA,SHER

====i===:::1 OVEASllE WAS,"ER

e ~ T:·,-,):';};~IRUBBER .... AS'"ER

PZ22?Zl fa ??1 MOUNTING BRACKET

BOlT

..,...".-L--+~""'__ "'"'..JBBER WASHER

~~;=;=1~:$~::!IOVERSIZE WASHE R

-- ST,ll.NOAROWASHEI'l

i
TRUCK DECK

WELDING FIXTURE

NUT

• 11/2" BOLT

TACK WELD
REMOVE BI'lACI(ET

wElDSOlIO

TR~CK DECK

BLIND AREA VIEWER ASSEMBL Y--------------IIIIi!!~-IIIIi!!~--------REAR ,"000

SPACER

INN'A WASH'A~
aU",AWAS«A ~ fAEAA HOOD

(}ii~ -1J- - '{J
SlOTTECl LOUVER HOOD.J

~
ASH'Al

3/8 BOLT

I ',I

RUBBfA WASHER

",OUNTI~G BRACKET

FIGURE 1.7-4
BLIND AREA VIEWER INSTALLATION
AND MAINTENANCE INSTRUCTIONS
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operation he should not have to move from his normal straight ahead dr~v­

ing position, thus keeping his hands and feet on the operating mechanisms

at all times. It was also found that the use of 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 sho~~ in figures

1. 8-1, -2, -3, -4. It is a 9"x27" plane mirror with a 3"x5" rec tangular

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 \.]hich 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:

• The field of view contains a view of the left ~ide of

the truck, including the top edge of the load .bed and

the bottom of the rear tire. ~o head movements are

required to see this vertical field 0: view. The

horizontal field of view of the plane mirror is sensi­

tive to its distance from the driver; however, a s~all

rectangular convex mirror is attachable to expand this

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

(J The view orientation can be maintained \.]hen glancing

from the top to the bottom of the mirror because of

the left side position of 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 a~y

significant view features in the fla~ mirror.
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APPROXIMA
EYE LEVEL

PLANE MIRROR

CONVEX MIRROR
3" X 5"

FRAME -----

FRONT VIEW

• -----

I--"

--- I

.

BRACKET
LATCHES 141

SIDE VIEW

MOUNTING BRACKET
& PROTECTIVE PLATE

- , I:: '

FRAME
0/2" X H, X lIB
ANGLEl

- ----'"\----

MOUNTING BRACKET

MIRROR 9" X 21"

BACKING PLATE

NOTE: FLEXIBLE MOULDING
NOT SHOWN

(j)
~

W
to FIGURE 1.8-1

LEFT MIRROR LESS MOUNTING STRUCTURE
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QUICK RELEASE
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FIGURE 1.8-4
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~ The flat mirror element is a standard glass ~irror.

The mirror assembly will accept glass mirror ele~ents

from 1/8" to 3/8" thick, including tempered and safet:-­

mesh-backed mirror glass. The rectangular convex

mirror is a standard hardware item mounted with silicone

based sealant.

a 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 ~Jith its right edge in line

~Jith the load bed for best view orientation.
>.
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1. 8. 2

~ The mirror assembly is attached to the ~ounting structure

using 3/8" bolts with rubber washers for positive alignr.1ent.

~ The mounting structure can be attached to deck side and

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

hand rail does not interfere.

e The rear plate of the mirror can be removed by 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 material and

components are common off-the-shelf items.

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 they

provided the larger field of view. The larger the convex radius angle,

the larger the image, but the smaller the field of vie~,. The a_ailasle co~­

vex mirrors were round which produced some distortion, particul.s.rly arounci

the edges, and thus distraction for the viewer. The mirror developed a~d

tested is a 20" radius convex mirror with a rectangular shape of 12"x16".
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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 40 0 in the vertical

and 460
in the horizontal.

Since it is necessary for side mounted rear-view mirrors

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 away 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 de~onstra~ed had the

following specifications and features:

• The image size was above average for the mirrors in

cornmon use. Image recognition was improved by the

improved orientation features in the view.

• The mirror element was a 12-inch by 16-inch rec­

tangular section of a spherical mirror. The ~irror

radius of curvature was uniform ~.lith a radius of

20 inches.

• The mirror element was constructed of tempered

glass and mounted on foam rubber.

• The mirror enclosure was fabricated fron heavy

gage sheet steel and capped ,,,ith a 3/16" steel

plate to prevent the common minor rock spills

from causing damage.

• The mounting bracket with friction assembly was

designed for universal application without right

handrail modification.

Reproduced from
best available copy._.- .. --­------



• The mirror face was mounted with the left edge in

line with the load bed. It was also aligned 60

degrees out from the side of the truck and 15

degrees down from the vertical. The alignment

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 1.8-5 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 considerably

more effective field of view with a consistent vie\v orientation which

does not vary significantly from truck to truck. The field of view is

greate~ than 100 percent wider than with a standard 12 inch polished

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

More definitive information 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

forw·ard information on basic mirror usage was not readily 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

1. 9.1

Technical Description of Closed Circuit Television
System (CCTV)

Improved CCTV System

The improved CCTV system was developed for application to

the rear blind area on the larger haulage vehicles. This CCTV System

was designed to demonstrate a combination of unique features which will

improve the utilization of CCTV Systems in the mine haulage enviroTh~ent.

The CCTV System is shown installed on a ISO-ton haulage truck in Figure

1.9-1. It consists of an improved CCTV camera with a lens cleaning

system and a 6-inch CCTV monitor with systems controls. Jetails of the

camera enclosure are shown in Figure 1.9-2 and the ~onitor 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 ca~not ~e-

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 ca~eras. The camera

system is a fixed mount system. A \vide-angle camera

lens with an auto-iris was used.

• On demand, the lens cleaning system will wash and

wipe the camera-lens window. The cleaning cycle is

automatically timed and is initiated by a single

actuation of a push button contactor mounted on the

CCTV monitor.
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FI GURE 1.9-2
REVISED CCTV CAMERA AND ENCLOSURE ASSEMBLY
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• 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 glass

is mounted flush with the cover plate for effective

use of standard wiper systems. The lens wiper is a

compact windshield wiper with an 85 degrees stroke.

Both the lens wiper and washer are standard automotive

products.

• The system is powered by 12-volt and 24-volt DC

sources. 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 operates 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.

34



· .



• 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 cooling are needed.

• 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 future.

1The CCTV camera is an RCA TCl160 with a grade B silicone

imaging device (SID 52501). The 5~" x 5~" x 17" enclosure can be adapted

to other vidicon type cameras, however, there is no alternate camera that

is a direct replacement. l-lith a significant difference in performance, a

RCA 1025/505 camera could be used. The monitor is a Setchell Carlson Model

6M917 modified to operate on 24 volts DC.

1.10

1. 10.1

Test Results

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 Decker Coal Company in ~rontana.

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 critir.isms 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 ~,as

minimized by masking off the top two inches of the lens 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 150 and is not needed in this application. Another 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 ones 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 of 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 destroyed

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 contras.t image such as a hard hat or a vehicle could be seen without

difficulty.

1.10.2

1.10.2.1

Rear-View Mirrors

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 breakages was not reported. 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 used when the load bed was up to observe the area around the right

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 14 1978. The camera was inoperative and replaced August

28, 1979. The monitor was replaced September 25, 1979. The ca~era was

replaced again January 21, 1980 (at this time the improved housing '.;as

also installed). The syste~ was reported not functioning in ~~y 1980. The

test was terminated and the system removed. Installation at Eagle ~lountain

was on June 4, 1979. The monitor was repaired (capacitor wire broken) on

July 12, 1979. Camera and enclosure was removed September 14, 1979 ~s 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 knnh~,

broken wires in the monitor and automatic iris lens failur~s.
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Good. clear pictures were obtained 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 off-highway haulage

trucks consisting of rear-view mirrors. blind area viewers and closed

circuit television were tested for 12 months 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 rron Ore Mine in Hoyt Lakes, Minnesota.

Right-side and Left-side rear-view mirrors 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 friction-controlled post. It was well

received by all test drivers and much preferred over all other mirrors

except a 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 fron

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 large~, the survival

rate was no different than for the smaller available mirrors.

The view produced by the mirror which included the top of

the load 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 also 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

formed well and was appreciated by most all drivers, particularly for the

right side position. The front mounted BAVs did not come into play very

often because very rarely does anything move into the area in front of the

large trucks. Also, because the trucks were for the greatest portion Qf

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 hav~ng

justification were that glare and reflections were caused by special light

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 those

mounted on the truck's front hood were damaged only when struck by another

truck with a careless driver or by rock spills caused by an inexperienced

shovel operator or a mispositioning of the truck. Heather extremes had

no detrimental effect on the lens assemblies.

1.12 Recotmnendations

Results of the long term in-mine testing prompted the

following recotmnendations:
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1.12.1

1.12.2

1.12.3

Mirrors

• 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 3~' radius of

curvature, convex mirrors of rectangular

shape, 12" x 20", be fabricated and in-mine

tested for industry acceptance and evaluation.

Also, that a simpler, less expensive mounting

be investigated and tested.

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.

• That a special anti reflection coating ~e

investigated for the BAV fresnel lens to

minimize reflections.

Closed Circuit Television

• That no further work be done on the CCTV

system until a more durable, longer lasting

automatic iris lens is available and overall

component costs are reduced.
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2.1

2.0 PHASE VI IMPROVED BAV AND RIGHT-SIDE MIRROR
DESIGNS

Statement of Requirement

Following the recommendations in Phase V, the Improved

Visibility 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 large

blind areas to the rear of the vehicle. They have been known to have

backed over smaller vehicles causing considerable damage and serious

injuries. In addition, lighting to make the BAVs useful at night was

also investigated.

2.2 Phase VI Objectives

The Phase VI objectives were:

• To investigate by in-mine testing the degree of

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 co~ents

on the degree of improvement made in relation

to glare, reflection and ease of cleaning.

• To fabricate and test a light for the BAV.

• 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).

• To test BAVs on large front-end wheel loaders (FEL)

and other equipment exhibiting blind areas under actual

mine and quarry operations.

• 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 to continue the Phase V

tests and add the new right-hand 30" convex mirror and the LP BAVs.

Washington Irrigation and Development Company in Centralia,

Washington, Syar Industries' rock quarry in Vallejo, California and the

test proving grounds of Fiat-Allis were selected as test sites to test the

BAVs on front-end loader 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 Fiat-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 to the

BAV application are shown in Table 2.5-1. These data were taken from

sales literature. The graphically plotted blind areas of .each loader,
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Tracor MBA

MODEL UNITS A B C D

CAT FT 8'8" 9'9" 13'6" 15' 1"

988B mm 2640 2970 4130 4600

CAT FT 10'7" 11'6" 18'0" 19'2"

992C mm 3226 3505 5487 5842

CLARK FT 12'0" 14'8" I 20'6" 21'9"

675 mm 3657 4470 6248 6629

DART FT 10'0" 12'6" 17'0" 18' 5"

600C mm 3048 3810 5181 5918

A =WIDTH OF BODY AT REAR
B=CAB HEIGHT
C=HEIGHT OF BODY AT REAR
D= DISTANCE OF DRIVER FROM BAV

Dimensions are approximate and were 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 Eagle

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 48 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
I

instaliation 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 BAV 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 improvements to the BAV were to facilitate

cleaning the lens, to reduce objectionable glare and to investigate

night lighting.
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Tracor MBA

"ft
HIGH PROFILE BAV AND 30" CONVEX RECTANGULAR MIRROR

Reproduced from
best available copy.

FIGURE 2.5-7
MIRROR INSTALLATION - 30" CONVEX - RECTANGULAR
EAGLE MOUNTAIN IRON ORE MINE
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Traeor MBA

FIGURE 2.5-8
BAV INSTALLATIONS AT TWO TEST MINES
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Tracor MBA
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FIGURE 2.5-9
LAMP MOUNTED ON BAV FOR ILLUMINATION AT NIGHT
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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. Figures 2.6-1, -2 and -3 are drawings of the rear hood #115707,

louver hood #115708 and viewer assembly #115712, respectively.

The lens holder, 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 is 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.

oThe 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, "REA 1l-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 lens 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 ­

REA 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 no 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 moun~ed

on a spare louver 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
o 046, 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 Installations

There was no difficulty installing the viewers on the

loaders. The Caterpillar loaders were used in a rock quarry operation

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 actually 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 a 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 a loader. It 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 945B

model and not large enough to benefit greatly from the BAV.

2.7.3 Clark Loader Installation

Clark Equipment Company, Construction 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, these 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 easier to avoid

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 i~stalled 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 could 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.

soot rapidly.

tended four to

inches.

The low exhausts did pose a problem in causing the lens to

To minimize this problem, the hood of the BAV could be ex­

six inches and the exhausts lengthened twelve to eighteen
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2.8

2.8.1

Technical Discussion of Right Side Mirror

Size

The rectangular, 12" x 20", convex 30" radius of curvature

mirror used for a right-side rear-view mirror was tested to determine if

the extra length of four inches would be detrimental to oestructing the

operator's view. It provides a larger image than the 20" radius which

is preferred. The extra length is 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 of 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 to the test site mines were li-

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

Area Viewer (LP BAV) were such that the attempt to provide improved visi­

biliry 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 objectionable

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 of the

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 of 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 75% 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 absorption 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
opositioned with the S5 portion of the beam in the vertical direction.

o 0Since 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 stay 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 illuminated, it appeared to be sufficient illumination to discern

objects of contrasting colors to the ground. The sealed beam lens will
o 0 0be rotated 90 to change the illumination spread 5S horizontal and 25

vertical which is expected to provide more uniform illumination over the

critical area of the BAV's field-of-view.

2.9.4 Right-Rand 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 supports 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 vision.

2.10

2.10.1

Summary of Phase VI

Blind Area Viewer

The improved design of the BAV to 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 that _t_h_~J,e~~u~s _

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

2.10.2 Right-Side Rear-View Mirrors

The new experimental 30" radius convex rectangular 12" x 20"

mirror with a simplified mounting performed well during the in-mine tests.

All drivers preferred its larger image and the mounting survived well under

the rigors of the open pit iron ore mining operations in southern California

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 Whe~l Loaders

Blind Area Viewers were tested on Caterpillar 988B and

992C loaders. The 988B proved to be too small to benefit from the BAV

since its blind area was small enough to pose no 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 is 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 a 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 Figure 2.7-3 illustrates 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 REA 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 conditions.

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 antireflection

treatment. However, in 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

recommendee as an add-on 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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3.1

3.0 FINAL ANALYSIS PHASES IV, V AND Vl

Safety Aspects

The amount of safety improvement 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 is 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-view 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:

• Driver Alertness Monitoring

• 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 is 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 transponder 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 look for the object.

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 waiting for trucks.

Also, if 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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It 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 has to

rely on guess work that the area is clear. By performing these maneuvers

more quickly the increased productive or haulage time has been estimated

at 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

load and dump areas (based on 21 minutes average cycle time and 525 operating

hours per month). The eight hours gained per truck-month would appr~ximate

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 det~rmined

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

employee 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 O'Neil and

Kelley(1) 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 Safety:
Setting the Record Straight", Society of Automotive Engineers reprint·
No. 740988, 1974.
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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:

• Disasbling injuries and fatalities

• Lost time injuries

• Haulage truck damage or loss

• Small vehicle losses

• Damage to shovels and structures

• 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 toa 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 also 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.

• 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.

Overall, it appears that the relatively low costs of

improved visibility devices(l) 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 visibility

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 is not the usual case nor was it possi~le

to obtain such records during the test period.

When taking the cost of the large haulage trucks into con­

sideration, $250,000 and more, the costs to add on visibility improvenent

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.

(l)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 - S~25.00

each (lot quantities cf 20)
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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 Aids

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 coreplete)

had the camera enclosure completely flooded with water which destroyed 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 of 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 objectionable, 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 alow-discount-introductory price which a few

companies and potential distributors took advantage of. As of this

writing, eight mines have purchased trial units and many others have

requested information for further consideration.

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, mine 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 management may start including the available improved

visibility aids in the specifications for all their new haulage trucks

and loaders. In 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 capital

expenditure requests would be needed.
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4.1

4.2

4.0 CONCLUSIONS k~ 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 i~provement.

• Standard off-the-shelf lamps 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 level 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 596 or a 1096 or a 2096 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

False Alarm
Type I error

Correct

CorrectThe Aid is
Effective

Researcher's
Decision

The aid is Miss
Not Effective Type II 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 I (false alarm) error would be to
conclude that the aids are effective when they really are not. A Type II (miss) error
would be to decide that the aids are not effective when they really are. Which ever
error would hurt the most, that is the error for which one should make the greatest
a'ttempt to avoid.

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

._----
-l35



A related and very important point is that the researcHer actually never
has the option of saying "There was no difference." He can only state, "I 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 0, 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 several 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(1) 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
Jaws and standards.

Much of the philosophy and methodology of cost-effectiveness
anaJysis 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
effectiveness 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



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,(L) 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 benefit 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
comprenensive 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'NeilJ
and Kelley(J) 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 incJusion 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
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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
"Strairi 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 highway 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. 1I

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 automatical1y 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(4) 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 reported 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.

(2) op cit

(3) liThe State of the Art of Traffic Safety," Cambridge, Mass.: Arthur D. Little,
Inc., June 1966.

(4) 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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'Dlere 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:

l) 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 slzes plus detailed information on accidents and/or drivers. It is for these
rea.sons 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 c011isions 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 statistJcal 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 fsolate 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 aU 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.





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 MBA.
Blind Area Viewers

.......

I;' I'

o

... 0

" ---,.-
\ I

,I \ ,..
/./

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

BLIND AREA VIEWER FIELD OF VISION

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 uni.t per large wheel loader.

20'

RD I.INE OF SIGHT
OOWNW.a. AREA OF VISIBILITY·

IMPROVEMENT

"0'

GRAOE HORIZON

BLINOAREA

_ V~ER",

00 o

T
14'

L--- --
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Reproduced from
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BLIND AREA VIEWER INSTALLATION AND MAINTENANCE INSTRUCTIONS----

MOUNTiNG LOCATIONS -III
1. Viewed rt'!rougn ri"t door window IPnrnarvl
2. VielMKl through figi'll comer window {Optional - For II'" uueluJ
3. Viewed I"'ro~ windshieh::l (Optio".r - For very large trucks)
4. VIt'l"l'ed lhrough window fWNe' Loade",)

LIST OF CONTENTS: • Onto 81ind Ar.1 Vie_, l_mbl.cll
• 0 .. Moun.ing 8rKi<.. l__d lD 81ind Afl. VI_I

• 0 ... Mou""ng HI_fi lei.

MOUNTING LOCATION: Moun. 3 81ind Ar.. Viewon on. houllllllruck in "'. IDilowing 1,,",lons:

• L.efl como' 01 the .ngin. hood (.ie""d "',ough I,on. windshi.ld 01 CIlII
• Righ. eorno, of Ill. engi'" hood (,,;.wed th,ough right lorwlrd window of CIlI)
• Righ. ,Ido 01 truck on th. deck. Ion hllUling, .a:. 1.I.wed th,ough ,Igh. doo, windowl

WARNING Do noreMpY Blind Ale. Vie"",. up 1M rNCk IMi.." 1M ,ufe merht1d ~Ptrmld I1Y OSHA 0' MSHA ID lifT IMm onto 1M truck deck.

INSTALLAnON PROCEDURE:

Pooition the mounting b,a.. It lIeh 1000000n 1CC0rding '0 "'- ~idolinn;

• H..... en. driver lit in the drive"'s ••1: 'CO guide OIKetNftt of n mounting brake'
• Aim the long dImension of 1tte bucut 8t the driver'. "'0"". position
• M";'k. SUr'll the front edQl' 0' the mounti"9 bracket is entirely OYerl'laf19!!!.9 'd1e m.te:k I'dgl

• Align and!!!!!!!. 4 12 on lIeh ,idol wldoly IIllCOd moun.lng hOi" in good locoli""" for moun.ing bolD

• The mounting bracket is designed to be mounted level on I flat surf8Ctl. If 11'18 lo:ation is nOl level, illS up to me OW'ner to
, fabriat8 hardware to position the 11'Iedt: mountsle....1

~ mouncing bolts to the flIt sUrflCe Uling t"e detached mounting bracket IS I template {welding fixturel to hold the bolt heeds
in PCBition, 11 previouslV marked hN FlStener Assembly Detail}; recheck alignment

Alsembl. !he 811nd Are. Vi...... ' and mounting b,ICk•• (see F........, Assembly 00,,111

Mount thI ...mbleod Blind Are. VteWer on ttl. mounting bolts according to the shock mount: assembly d.tail.

WARNING: .",. Blind Ale. V,;,we, is norb.~ MId will f.1 off ill moun ring bolll if nor htlid "" or f./ZIrwQ do_. Fo, safelY. h_.3tr nu,
,.a:ty ID 'Pin "" 0IlfI of rho,.., moundng btJ/1I wilen lifting 1M Blind A,., Vi._ inlD ill mounring boll$.
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ADJUSTMENTS FOR VIEWING:

The rol' ~ood ond I......... lro dnirod 10 _c. gllII .,d rofloctl_ QIl!he I..... The;l.. ond rofllCllQll CIllrlOI IlIll1mln.tod
cemplellly;~_'. odjUlQ'ftlftIl ..... ftotp consi.'lllly.

TILT: Wim me dnft' in !he dn.e,', .1' to ~Icla N odllllonenl. tilt !he Blind Aro. Vlowe' lorwlrd until rofilCti_ oro ",Inlmihd.,d
me , .." m'ol4l me bonom ~1I1 of N I..... iI d ...... The I.... at- CIft rofloct me cleek. cIll. ~.,d 'Ii". or me Ilonom of me
IIlId bed "'o<ft.ftlIlnd me lill odjUitmem can 'odUCI its .ffoct. The Olll,.tor mould mlk.,uro mit NI.... tilt IdlUltl\'llnl iI
oll,irnurn 10' ~iI truck .nd me li9hling condi,lo". "' lfte rnihO.

LOUVERS: Wim lite dn.., in lho driwr'l.1t to ~Icla Idjllltrnerll, ftIllIlI me lou.... by ftIftd un,11 !hey _ 10 tftI d,lft' •• ltlln II....

CLEANING: Clell'lllle _ at_ willi window "elhlng .0lutlQllIl'lCl willi wim '1l1Pl' _I.

To eleon be_n tile 1_... '1lIl1y lIelll dell'ling .olulillft II'Id 111_ i' '0 run II'Id d,lll off: meft willi bolween m.I.......
ltarting It tto.. top.

WARNING:

PotAINTENANCE: Repl_ dllftogocllllf'U by di._rnbly. Bent 0' donlld .ftM' me'll P.MI CIft be IlTligll"ftod in lho ....Idiftllmop.

Touctl Ull linim ..im RUI'olourn .12 fl.I block p.inl.

Note: The Ie". .... rnbly consi.1I 01 2 Ill. lie len......IOll be.....n 2111"11 01 II'lllftloti...1fft¥ plm ;1-. Thl ......t UMd" I
~'" moll butyl. .

FASTENER ASSEMBLY DETAIL---------------------------
IHCl:IIl MOUNT "'~lllNa P1JmjR.

TACK WI\A
1IIIltOV1 ••AC.n
WIr..I)ICUO

.. ' ••fIY"""'''''11IlI
,

c:======= OVINlU ........I"

\

BLIND AREA VIEWER ASSEMBLY-------------..I1111!--~--------­1IlI."" "'CIO~_..
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EXPLODED VIEW---------------------

LENS ASSEMBLY

REAR HOOD

"".. J~ 0

MOUNTING BRACKE~/~ .b

Traeor MBA
MBAssoclales POSI Office Box i96 Bollinger Canyon Road San Ramon. California 94583 Teieohone 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 th~

right rear side of truck. View scene includes top edge

of load bed and rear tire g:"':'lmd contact. The angles of

view approximate 700 vertical and 480 horizontal.

The mirror is convex with a spherical radius of 200 and

is rectangu lar - 16" long by 12" wide. Its support and

mounting system provides protection from load spills

and damage when being scraped by garage door frames

or other structures. It has a protective top cover and"

readily swings aside if pushed by another object.

Information and Installation Data Sheet
The driver can use the Right Hand Mirror to check his rear blind 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 Ai!fll Mind Mirror AlMmttly I~e

and outboard from the 0131''11 front CDlnel' of

the deck above the front _hie I.

• Lacatt tho ...mblv tor .iewing ""ougI'l tho
.-.ndow a. lhe right dOoI IS '.r forward ..

POSSlbil.

-------
RIGHT HAND MIRROR FIELD OF VISION

WARNING: Dono. <OTrY ~"'_pl«:a up'" INCk J.tde" LV ,,,"m~rhod.,,p_&y OSHA 0' MSHA IOJih "'em 0I'l1O "'••ruck ded~

AOJUSTMENTS FOR VIEWING:

• Tt. two 'ubasJlomblih comltting of Hold Down Platn_ CIamPI. Friction Rings Ind F.tenH'l If. designed to perform nwa
funclions. The first function i. to .lIow usdy and ICCUrately adjusted anQie pOSitioning of the tubuli' IUPJ)Or1 ....ith me '.nner'S
t,gntened luffici.ntly (0 hold the Irm in trill pOSitiOns. The second function II to Pr'het"lt damaqe to 1tle Minot' by dlstruc:tiw.
'oren such IS cauYd by the tl'1.JCk', encount.r wirh .n obstruction. This requires additionlltightlning 0' the fet,,,.n ..
de'S.cribed below. The U-boH 'IStenen which anadt the Mirror 10 the SUPpOrt I,m Ife not intended 10 slip during us. If'\d arl
locaerwd onl~ for tilt and r"d'1 KJjunrnentJ 0' t", MirrOl' and SyPPQt1 .rm.

PAN, TILT ANO REACH AOJUSTMENTS:

• With me drlWlr gl'lflng InstNCtions while .Ited In .,i. normal I)OIltion and pOItur", and the POll. CIIITIP friction asemb4ies and the

U-boltl loosened t!r1ough tor I ..... movement but tigl'lt."ough to prevent undftlrf'd d'Iange ot PCIIition during adjus1J'ftl'nt.. mowe

the Mirror yp Ind down lrautl.round IUPpan arml for venicI' tilt ."qt. adj\.Dtment; slide mirror I'lousmg inboard and outboard
on the suppon Irm for REACH din.nce adJustment;.nd swing the support post for horizont.a4 PAN angh!! Mjjustment. Thl best

pClUlble mirror Idjunment Will prOdUC8' a view IClne Including the toP rtar of the load bed and rt'\e bonom of tht r••, lire, and.
withOUt losing too muen of the bed Ind tlte, as large In Ir" as possl~e to tl1. right oi ttw trUCk. ThiS n"tU'St bt accornP'ISI'!ed

With the REACH adjultmtnt locating the mirror IS nelr to the truck as pCJS.Ilble. At thil point, it may be found tf'Ilt the Adapter
BrlCket should be in I IligtnlV difter,nt location. Thlill accomplilned bV cutting me l&k welds Wlm iI 9t1nder or chisel and re­
welding In lhe more luitJible 1000lion. After coniirmltion of proper adapter pOSitIon, ttle weidl should be mlde I'hQh-strength

With deep penl'Ultion Ind largeor beac:ls.

FASTENER TIGHTENING:

• With the pipe cllm~ fully tighr.necl, tigh1M' m. four f.tenett on the toP frietiOf'llS..Mmbly 10 thlt wht'n pnruing II rtw
outboard end of the suppOt't Irm pipe, ",uimum pOSSIble thumb-only pressure 'Mill swing me atm. Loosen d\ev four famnen
eKactJy twO turns. AlpUt me ft)o.. procedure with the bOttom friction IUemb'Y, ,Keep. In mit use, ,tt., I'hu",b Pfl!lSurw tnL
reave IS adjusted and retighten the lap friction Mumbl.,. eKacnv rwo lurl"ll ot eech fanener. o-.et:k tinlll KJiustrne'ft1 witf'l fWD
thumbs. It support Irm eKtends more t"an two IncfteoI outboard from me mirror. CUt off 1tle eKceu.

MAINTENANCE:

• Replace damao&d garlS when necessary; kHP mirror gl_lsurface clean b'l USI"Q Window WIShing solution and WIpIng W111'l paper
lowel. If paint nHds toud"lIng up, use RUSloleLlm .= 659.

ReprOduced from
best available COp, •

~----­---.-
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INSTALLATION PROCEDURE: (ReI.. '0 EllPIoded Vi_l

• POll lion the venlcal center 0' the Mountl"9 IrlCk.1: _ f. forward. pouibl.1Iftd t,pKed inboard 'ram IN ""1:" of tN dick
to Ie..,!' i1l1owa~ for lhe thickneu Of 'IJW ....r·fumished Ad.tona, Brellit. Mark dille'" for .AdaPt8r erllCUlloc:atian.

• Make ,he AdIP... B,ocket I....upni......' end tompo.... ily ..... ·_Id ..... Adooter 'a ..... -.. 1ItIdl0l oU'lo' tr.....truet\ft with
.....11, minimum It'.n<;'h woidl. Thil"i11 .lIow '.y chan90 allocation, il lound 'a be -V.

• P..m.....n'ly WOld Ih. Mounllng B,ldle, to the con'" lino 01 U'lo AdoPte. wil/'l ,.. bottom •. B ira.. _ ..... deck. Thil hal

prO'le" malt ,atisfiCtory during 'jeld lftD.
• LOOSOly t.ton the two Pan Clamp A..emlll... to tho Mounting B'ocIle.. __ ...., _ below. (Nato ..... -..et .....-nt

inbplOdodViow,)• 1<_,. in mind the l"IQuired IWing 0' IN mlnOl' and SUPPOM p.f»t wtlm it il -=cIdeftUily IlI'Udl:. me.UtI !hi ....irllbDwllhl
dock which i1 d,,"ed lor tho 'OIl 01 mirror. Cu, tho 1_ log 01 tho IUPOQrt _"a thill""9th.

• InIOn 'hi. Ihortoned log 01 ..... _, ,h,O\4l moun"ng brocket...., d ....p~..._ ..,Iy lightening l/'Ie e9l' t........

enough to preotent 'Ii~.

• Fel." ltv mirror aue",bty to me hOluontlll1l9 0' the 'UPJ)Or1 PQU W'ith the U-botCl.
• Adilllt 1"'- lightness of mounting bracket. pipe damp and minor f.11"I"Wtf'1 10 Illow IWl~.at'IId tilt Idjuument ot I:he m,nOl' ..thoul

extreme manual force. and yet insure thllt final tlght""'"9 in me dftired pOI.i1.1Oft dais not c.auu Ilipping au' of curren,
M:ljusunent.

SUGGESTIONS: Adapte, Bracke'

• The lG&gtlr brKlt11 should be rnede of Strip or pll,elt.' and mounl8Cl in • wwnic.al pa,itlon. I, Ciln I:. .INr fr.. l..-.ding
(InllChed to truc& deck piau onlvl or atUd"le1:J to bottl tl'l. dKi: Pl." and hand ,..1.trucru.... The moutIlI"I brecU,,,.ruc:hId
to the IClapter brl(ir..t. AnlChmena c." be ,.ttwr bV screw fluenen or by welding. Welding" rlCo'rulWndltd.

TYPICAL ADAPTER BRACKETS

MIRROR INSTALLATION COMPONENTS

I..... 1-

No. Deocripti... Pert No. Q1y. No. DoocriptiOll p.. "'o. Qry.

M",O' Auembly. Righi H.nd 115732·500 I 2 SUppOrt, Mirror HOUIJng 115738-1
Mirra•. 12'".20"· 30"R eon... 115732·9 I
Housing Mirror 116098-300 I Moun'in<; As_Illy 118362·500 het

BOlt 3/B" . IB unc. llf," Lg. He•. Hd. 115732·20 2 Moun,ing B.....wr 1'5737·1 I

Lock WlShe, ·31B'" 115732·21 2 Plato, hold down 115738-1 2
Washer· 318" medium 115732·27 2 Ring. F.iet;on . S_ "5739-1 B
Nu'· 3/B" . 16 unc. Reg. He_. 115732·22 2 Ring, FnctiOf' . Pal....mvlene II 573&-2 4

Cllmp. mIrror 115751·1 6 CI_p, SullOO't Pos, 115362·5 2
Locknut, Mirror Clamp lo.32HH 115732·1B 6 W.Mr. FII' '4" 1'8362·7 8
Top PI... As_bly 1'57:M-300 1 Bol,...... ·20 unc. 2·~'· Lg. Hex. Hd. 1'8362-401 B
U-boJ I with nl,l1l 1'5732·5 2 Lodr.wBher, ~'. •• Meel. 1'8362·9 B

Nut. l,4," • 20 unc. Reg. He•. I 18362·B B
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EXPLODEDvIEwl--------------------

HOLD DOWN
PLATE

STEEL ~~~---POLYETHYLENE

-.-- PIPE CLAMP

~~:G>- FRICTION RINGS

MOUNTING
BRACKET

BOTTOM
CLAMP ASSY.

.~-MIRRORCLAMP

MIRROR

Traeor MBA
MBAssOClares Post Ot!lce Box 196 Bollinger Canyon Road San Ramon. California 94583 Telephone 415 8377201
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5.3 Appendix C

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

Reproduced from
best available copy.

1.0 ~

This specification defines the minimum requirements for a multilayer
high efficiency antireflection coating for contrast enhancement
products having refractive 1Ddicies Within the range of 1.450 to 1.550.

2.0 APPLICABLE REFERENCE DOCTJMENTS

The follawing documents form a part of this specification to the extent
.pecified herein.

HIL-C-67SA

KIL-C-14806A

KIL-K-13S08

KIL-STD-IOSD

Coatings of Glass Optical Elements (Antireflection)

Coating, Reflection Reduclngfor Instrument
·Cover Glasses and Lighting Wedges

Mirror Coating Process, Front Surface Aluminized
for Optical Elements

Sampling Procedures and Tables for Inspection
by Attributes

The specular reflectancs from • coated front surface measured at an
. angle between 00 and 15 shall be:

3.2

6020020

evidence of damAge
firml1 against the
the wrist (reference

Wavelength

Betveen 0.6% Reflectance Intercepts

6S0nm (min.)
430nm (max.)

Max. Reflectance

0.3% Average

Upper 0.6%
Lower 0.6%

Locatlon

Center

Center

101

Mulilayer Antireflection Coating for
Contrast Enchancement Products

Adheslon (snao taoe) - The coat1na shall shav no
after Scotch arand 0610 cellulose tape is pressed
coated surface and removed q*ickly wit~ a snap of
HlL-H-13508B, paragraph 4.4.6).

Product acceptance.'

The maxlmum allowable wavelength shift from center to the corners of
the part shall be no more than 10% lower than the upper 0.6% reflectance
i~tercept, and no more than 2% greater than the lower 0.6% reflectance
intercept.

Environmental/Durability Characteristics

REQU!Rn!ENTS

Soectral Perfo~nce

3.2.1.1

=~. C1C2

; ~ . :.a=....."''P ':"1"-&,',
I ' ~, ,

3.0

I 3.1

,I 3.1.1

I, .

I

II'
Ii
II
II .3.2.1.

i
I! !
,: I
III

I !
I j

i ~



ceLl OPTICAL COATING
LABORATORY, INC.

3.2.1.2 Abrasion Resistance (200 Eraser Rub)-The coating shall withstand being
subjected to the 200 rub eraser abrasion resistance test, prior to
humidity test (reference HIL-C-14806A, pa~agraph 4.4.7).

3.2.1.3 Hu=idity - The coating shall be capable of wiahstanging continuous
exposure for 24 hours in an atmosphere of 120 F + 4 Fand 98% + 2%
-relative humidity without 'evidence of deterioration (reference­
HlL-C-67 SA, paragraph 4.6.9).

3.2.2 Product certification.

3.2.2.1 Solubility - The coating shall show no evidence of deterioriatioD after
being immersed for 24 ho~rs in water containing six ounces of sodium
chloride per gallon (reference HIL-C-67SA, paragraph 4.6.8).

3.2.2.2 Temperature - The coating shall show no evidsnce of detsrioration
after exposure to ambient temperature of -80 F and +160 F for a
period of five hours at each specified temperature (reference
HIL-H-13S08B, paragraph 4.4.4).

3.3 Surface Quality

3.3.1 Inspection conditions - Normal room light, matt white background,
60 watt Tungsten or 2-30 watt fluorescent lamp, approx. 20" from the
light at a 300 incident angle. Transmission and reflection.

3.3.2 Scratch - Visible

> .005" Wide None allowed
.002-.005" Wide Max. accumulated Length 2"

< .002" Wide Disregard

1,1
3.3.3 Digs (opaque round defects -

Visible

Multilayer Antireflection Coating for
Contrast Enchance~ent Products

> .030 "
.020-.030

< .020

.ll!.!!l - Visible :by

None allowed
3 max. per 4" circle
Disregard

transmission, none allowed •

Orig.

~I

~I

~l
SI

~I
,
!
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SIo4T-L..."~,. _5__

~I
if
"I

I
(1'\1

~I
~I

I
I
~CIr.. .c.

I 60~0020Orig.
Multilayer Antireflection Coating for
Ccntrast Enchancement Products
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Surface QualiryAcceptance

Table I Acceptance Testing

Requirement Witness Test
!!ll Paragraph 1 2 3 4 Paragraph

Spectral 3.1 x 3.1
Adhesion 3.2.1.1 x HIL-M-13508B, Para. 4.4.6

Abrasion 3.2.1.2 x MIL-C-14806A, Para. 4.4.7
Hum1dity 3.2.1.3 x MIL-C-675A, Para. 4.6.4

Solubl1ity 3.2.2.1 • M1L-C-67SA, Para. 4.6.8
Te1llperature 3.2.2.2 • 3.2.2.2

.OCLI will certify to this requirement without testing each batch.

Witnesses from each batch shall be tested in accordance with rable I.
Failure to meet one or more requirements shall be cause for rejection
of parts proc&Ssed in that batch.

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

Spectral measurements will be performed on a witness piece with a
refractive index within ~ 0.01 of the substrate's refractive index.

Spectral and Environmental Acceptance Tests

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

Edge Chips - .040" plus 0.010" for each additional inch (d1ameter or
diagonal) over 2" up to III&X. of 1/8".

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

. QUALITY ASSURANCE PROVISIONS

3.3.5

3.3.6

4.0

4.1

4.1.1

I I
4.1.2

I 4.1.3I

II

II
I'
1

I

.,
.11
,I
!I
II
'I

Iii'II.
"1 4.2Ii
I':I

I: i

I! !
I' '.! I
Ii
i 1i, ,
: ~ , .=1:11:.. -1""'" -'T1o.&
i: .

,

:11:10' • r,c:
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4.2.1 Surface qualiey of the shipping lots are warranted to meet a
2.5% AQL. (Reference MII.-STD-105D)

5.0 PREPARATION FOR DELIVERY

5.1 The coated parts shall be clean and packaged in • manner to ensure
adequate protection against breakage or damage during reasonable
handling and transportation.

5.2 The parta vill be shipped in protective containers provided by OCLI
'or in reusable containers provided by the customer if the containers
lend adequate protection to the coated parts.

5.4 All shipping packages shall have contained or affixed in a aanner to
permit convenient access. a packing .lip containing the quantity of
parts. description, and date shipped.

I
I'

5.3 OCLI certifies that each shipping lot meets each requirecent of this
specification. A spectrophotometric scan will be supplied shoving
spectral confor=ance to 3.1 upon request only. All supportive data
will be retained for inspection purposes for a period of three years
from the date of shipment.

CLEANING

Scouring pads. abrasive cleaners, acid solutions, and chlorinated cleaners
will affect the coating and should not be used.

!' .d
.1
a;
"I

Ie- I
QIN!g,
N
Q

~lultllayer Ant~reflection Coating for
Con:rast Enchancement Products

Coating is impervious to dust and dirt in normal environments. Dusting
with a dry, soft, clean cloth is sufficient. Heavier soils may pe
removed with:

Detergent and Water - Joy, Sparkle, Alconox, Liquinox

Ammonia-Based Window Cleaners- OCLI TiC Cleaner, W1ndex, Glass I

Solvents - Acetone. trichoroethylene, benezene. xylene.
methyl ethyl ketone OfEKl

C:C::".£'C2
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iii ~N~~!7!.'M~!.!!.'""
- 3000 South Sixth Street, Springfield, Illinois 62710 (217) 789·3000

03 December, 1980

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

Attention:· M~. J~m E~~!e~

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,

My~on L. V~ge~~~

Project Engineer
Crawler Tractor Engineering

ca
Attachment

, .; . '7" ',-' __ •
~ '-' " -
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5.5 Appendix E

~~DBOOK OF MIRROR TECHNOLOGY FOR LARGE HAULAGE

TRUCKS
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Handbook
of

Mirror Technology
for

large Haulage Trucks

---
Guidelines for Selecting and Using Mirron

on Large Haulage Trucks

February 1980

Supplement to Final Report
To

U. S. Bureau of Mines/MBAssociates

Contract H0262022

"Improved Visibility Systems
For

Large Haulage Vehicl."

Preface

This handbook Is the result of an effort to develop and
test Improved Visibility Systems (USBM/MBA Contract
H0262022) for use of the d;lvers of mine haulage trucks.
This development effort Includes 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 ofstraightforward Information
on basic mirror usage. Some of the Information presented
here was developed from ongoing, long·term testing of
Improved mirrors rmd other visibility aids on large mine
haulage trucks.

This handbook provides practical information to personnel
in the surface mining industry for applying modern mirror
technology to the safety needs of large haulage vehicles.
An attempt has been made to make this handbook useful
to both administrative and supervisory personnel involved
with the selection, Installation and maintenance ofmirrors.

DISCLAIMER CLAUSE

The views and conclusions conuine\l in this document
ere those of the authon and should not be interpreted
15 necessarily representing the official policies or recom·
mendations of the Interior Department's Bureau of Mines
or of the U. S. Government.

MBAssociates
Bollinger Canyon Road, san Ramon.Cal~orna 94583

.415183n201/837·8181 • TWX No.:910·389·6390



Introduction _

10".30"
PLANE
MIRROR

..---
G.....Dl

HOfUlc.

ROUND
CONVEX

18" DIAMETER
30" RADIUS

INTRODUCTION

The .hope of '"rge haulage truck. crealH Ihe need lor I wide Ingll
mirror "iew. For Ixample,the reQuired ..... rtical neld of view .hown
Ibo,"", i. more thin doubll Iha, which iI ulld on hi;hwlY Trucks.
yet manv haulage truck. U'I highwlv TVIIO m;rro".

This handbook proowidel inform.tio" on the lizl, .hlPe, f••tur.,
locllion Ind mounting of hlulage truck mirro" to provide the
driver with. better view 10 thlt he Cln dri....nd maneu...r Hfely_

2

ROUND
CONVEX
18" DIAMETER
30" RADIUS

RECTANGULAR
CONVEX
12".18"
20" RADIUS

110

MIRROR SELECTION

Haulage trucks .,. ulually IQuipped With mirro", thet Ire ,...cWy
available 'rom conwnient luppliel'1. Mirrors which I,.. bettlr
.ulled 10 thl n..do 01 lergo haulage truck. gonor.lIv Irl mlrk...d
bV .mlll 'lIOcialTV manullClure" or con be 'lIOclll orderlld. Thl
.ouren 0' haul.ge truck mirroF'l .re:

• SII.TV .quipmlnt dillrlbuto" (CIIIIO; orde'"
• Hlulege truck mlnullClure"
• SPflcilltv proclucli mlnullCture"
• Speci.. order IlbriCition

Reproduced from
I best available copy.
-------
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Left Mirrors, ~-

..'.1..'
PLANE
MIRROR

.... ,..
~~

, ,
'.

:
... 1II.,1C4L.

'1ILDOlI wit_
od'

6".16"
PLANE

MIRROR
LEFT MIRRORS

utt mirro~ , .. used to obIlrve treltic Ind lor guidlnCl ""'ill
bicking, Whln becking, I high qUllitY. _1I~rienlld 'lit mirror
vilw 11i0WI the driver to ..mlin .Ited with hil h,n" end lilt
pieced prOperly on the control I 01 lhe I"'ck. WithOUt I lilt mirror
the driver would heve to 'lin OUI the 1111 door window or lven
open thl II1I door 10 AI whln beck;ng. 'n lither 01 lhell peei·
tio"" 1_ 01 control ot thl truck II I pollnt;I' "'ltY h..lrd. .

4

10" • 30"
PLANE
MIRROR

ill

FIELD OF VIEW REQUIREMENTS

When becking 10 I berm I truck driver cen belt judge ""'en to ItoP
It he .... obIerve hit .... ti... It IIlproecMl the berm. He ....
,110 judge it hi illined up perpendicul.. to thl berm, Thil requi,.
, downwlrd Ingil ot view ot 300 • 350 dig..., • Ihown ebove.
When IPOtting It Ithovel the driver cen judge hil poailion it hi~
• .- the .... Ii... It epproechel the b,nk Ind 101i0WI previOUI
ti.. trlCkl. The driver ,110 needt 10 obierve the IIIth on lhe tho...
bucklt when 1II0ning It I wlitinlJ Ihovel. Thil requi,. In UPWlrd
view ot 100 .160 deg....

For normll driving I wide In~ view II delirebll lor obIerving
trettic.

ReprOduced from
best available copy.
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Left Mirrors (cont.), _

MIRROR SCENE REQUIREMENTS

~ SIDE OF
• REAR TIRE

~ GROUND
/' BESIDE

, REARTIRE

~ I-"IVOT ADJUSTMEN;
--..:--

,.r : '\.
... ..;.'

I :- "" •. ~.

o

I I I
10" B" 6"

30"

TOP OF.......
~ LOAD BED

/ SIDE OF
LOAD IlED

20" C

10"

10".30"
PLANE
MIRROR

10".30"
PLANE

MIRROR

AJ .hown abo"", the d,i"", neeclI 10 .. lhe following ,f..lures
in hr. ru, view IClne to judge hi, position or litul1ion with con·
fidenee:

S".,B"
COMBINATION
MIRROR

• Tlle ground behind the truck
• 'Tlle g,ound belide the 'ur tina
• Thl .ide of the na" Ii ...
• Tlle .ide of the loed bed
• Tlle lOP eel", of the loed bed
• Tlle lIlece Ibo"" the loed bed
• The cl.."nee Irom other equipmenl or obj_

TheM viI" .cene f..lu.... Cln be ulld bill when obII~ in e
lingt•. adeQult.ly ,iz.d mirror. With the mirrar show... mow,
• the dri'll'er', concentrltion Ihiltl from flatur, to f•• tur•• only lve
movement i, ded. With. lmall,r mirror the driw, mUit mo...
hN "'ad to whir. he nem. With twO or more Imlll mirrOr1._
.hown II 11ft. the dri""r'. IV" Ind mind h"", 10 edjusl 10 I n_
orientltion when the driwr twitches hi, gar, from mirror. to mir.
ror. Mirrora '"ge, Ihln 12" wide block tOO much of the dri .... r·.
direct vilw; however. mirrors 30" 10 4S" high Cln be, mounleel
.Mily on hlull9l truck•.

6 7
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Left Mirrors (cont.),_.-~---- _

.....CllJII '-e.G'lI",'_6". ,.-
PLANE MIRROR
<10" FROM DRIVER

I ....ItQII ••-.0-1"'1111

..___t-
-::::::~._--

.0000000.'JlOC-

• I~".. ,~ .

·I"~a_~~', .i
~ '~~'~ ­

·iI- .':-;€t: ;;. ~'. '.~~ ;-

Ilj -'!b"jl
. . . 6". ,.-

PLANE MIRROR~_ .,.• '.OM 0.'''.
B

ill

MIRROR POSITION

The diuance between ~he 'eft mirror Ind the driver i. wery impor­
tIInl. The lield 01 view of • fI.1 lpl.nel mirro' geu ,meller _ Ih•
mirror i, moved awav from the driwr. Thl figurn thown above
end lelt ,how whet field of view c.n tie .xpecled Irom • , 2" ~ 30"
flel mirror It different distances from the driwr. The mirror
thCM" It 30" it appro.imately In Irm", reich from the dri ... r.
Any 1111 mirror view c.n tie .valuated Ihi, way by uling limpIe
geomelry .nd the oplical lew of ... fl.clion.

9



Left Mirrors(cont.)'---------------
9".30" PLANE
MIRROR WITH
ADO·DN CONVEX
MIRROR DISRUPTING
THE VIEW

ADDI fIONA:. ­
M,lUlOII:

'··.ll!
UOutlTlD
alLc.C"•
..co

...... LOAD 110

10

ROUND CONVEX
MIRROR

6" DIAMETER

ROUND CONVEX
MIRROR
6" DIAMETER

114

AUXILIARY LEFT MIRRORS.

On ""ideol>ed Iruck, In additionll lilt mirror mlY be nulled to _
Ihl ,ide of thl rol' lirl. II ,hew,," Bbove.

When "iew requiremenu piece the mirlor owr 40" from me dri~r

I ,mIll 16" dil",.tlr or ,..,) conve. mirror mounlBd l!>eve or out·
board the rtgul.r mirror "n pro",ide I gr••ter field of view for UN
whill driving. NOTE: Do not mounl Iny added mirro... on thl flit

mirror becoUSl mi, will in"rrupt the verticIl 'CllnB Ind~
problemo in judging dillonCil. loc:.olion Ind clllrl/lCil.

OTHER FEATURES

Other 11ft mirro, felIU,. which con lid tile driver', u.. ond
view.I":

• Slflty-bocking 10' ,hlt..r ...inlnee
• Quick",hlnge gl.. for f.1 replir
• Remotl control pivot Idjustmenl for wide Ingle glance
• AdditiOnlil CO"VlJII mirror for wid••ngte view

16" dil",.tlr or 1...1
• Till adjUltment for till 0' ,hort drive...

11



Reproduced from
best available copy.

Left Mirrors (cont.), _

DOOR MOUNTED 10" x 30" MIRROR
WITH REMOVABLE
BACK PLATE

TELESCOPING
TUBULAR

MIRROR
MOUNT

,
I

12

llS

,""O"eY'\/1 S!oIIILU-

• AU.lUAlII't'
Il&CltoJlt
~ IGloI'
1Il10111:.&"1

·IAlIoCl

Al\lnOJoj III"."I'O_C£O Aul5l£1l Oil WlIIAAHO
"'~EIl&lla-s FIJI .. AD,j.J$T\I't",.l

MOUNTING GUIDELINES CL.'III Lilt Mi,rolll

• TN lilt mirro, it vio_d through the loll door window
01 me CIb.

• TN ..1t mirror il to.....rd <If !he d'i..,.

• The ..11 mirror it mounWd .Iighlly outbo.rd of Ille loed
_ 10 th. lide 01 tho lold bed c.n be viewed. If mounted
too clow. the driver Clnnot ... tf'll lid. of his truck or hit
ti_ on thl ground. Th.refor•• h. c.nnot judge wh... ob­
jee1I .... II mounted too far outbo.rd. the li.ld of vilw it
neduced. thl mirror il vulner.bl. to d.m.ge .nd it bec_
mar'll diUicult for the driver to move his head fir enough to
view 'found the mirror.

• Th. lelt mirror il mount.d 10 th.t the eye ....I Ihorizon)
ill .,proximallly 1/3 01 the wey down from the tOP 01 thl
mi,ror.

• II ...ded•• Ihield mounted on tile loed bed overhang will
p_nt demllll I,om loed bed OPilll.

• The mirra' mount mUll be ",'ong enough to 11_'
,,;bretion f,om inte'fering with the view .nd to hoIcI I.
edj..' ....n'. (Nylon. reinlorced ",ubber" or IIrreted wahe..
eM be u.d between 'the mirror end it! mOunting brllCklr:
to .. Iow.nd hold h.nd pivot edjull....nll.

• TN mirro, end ill maunll m.., not hinde, _ '0 end
from the cab.

• Uft mirro, cen .llo.be mounted '0 deck POIIi. on the hend
'ei.. or Irom the top 01 the clb. litho cllb il more th.n 1S"
inbo.rd 01 tI\e loed bed. mounting to the door il no,
necom....nded.

13



Right Mirrors _

......

ROUND CONVEX
12" DIAMETER
1&" RADIUS

.......

ROUND CONVEX
18" DIAMETER

30" RADIUS

RIGHT MIRRORS

Flight ",irrol1, Ilk, left ",lrrol1, .rw IIIICI CD lVOid hu.rdI whll.
driving. but dI.... c.nnOt III ulld • eflective.... for guld.nCl when
IlIc1<ing. RighI ",1"01'1 ere IVpiCllI... 15 10 24' lrom the dri ...r;
m....foF1l•• curwd conVII .. mirror il ....otd to "rovide • I.rll
enough li.ld 01 view. Whil, providing .,... Iilld 01 vi_. dI. liD
01 im... (vieWI 01 objectl) In • curwd mirror it much ......lIer
Ih.n th_ in. 11.1 mirror. Thil mok.. II dlHicult to judge diU.n_
or cllOr.n.. or 10 recognizi Imlll objlm on !flI righllide.

Flit mirTorl .nd variouslilll of round con~•.mirrol'l .,. p,..ently
_d • right ml"ol'll on hlul. truckl.... N_ RIC1anguler _
... mirror il now tiling lilted IIld will 0110 til delcribed.

FIELD OF VIEW REQUIREMENTS

14

ROUND CONVEX
12" DIAMETER
&0" RADIUS

The right mirror II prim.';,... IIIICI to died< lor the trlffic end
obllruction 1V01d...C11 whln tumlnll righl. " il 1110 used In I
geMrll wey to ch.ck lruck _itlon _ becl<inll end 10 chid<
lruck pCIIllion in lin. wllh Ihl/Vll buckel _th when "",ninll on
1111 let! lide 01 • Ihl/Vll. AI Ihown ebow. 0 I......nicel lield '01
vieov it required, A d01NnMrd Ingle 01 view 01 eboul 35

0
II de·

lirlble for thl "me ...ona dlit _'''' 10 Ie" mirrol'll,

15



Right Mirrors (cont.)r _

PLANE MIRROR 16 FEET FROM DRIVER

='F"-:'
30" PLANE MIRROR

VI." ~1.'TlO

"IUDO' VII.
1."'-......... Il10111_

FIELD OF VIEW
COMPARISON

------~~-:;:.==-~____------;;r.

li'''Di....rnill
CCW!lYII.I,U'OIll

"' ....OIUS

0.-=== ---
¥ --

PLANE MIRROR
FIELD OF VIEW

For t ..flic obHlllltion "nd hUlrd IlIoid"nee I IIHon1b11 Iilld 01
v."" il required with the im.gn in the mirror .apPleri"8 '.rgil
Inou;h to be IIcOllnizld. Thl ume llilw IlltU,.. II thl Iitt mirror
'" n..dld to judgo tile III.ti.". llOIition 01 obit ICI.. , Thl Ibo.".
figure ""OWI the mirror tcen. of • fl., mirror•• round con....
mirror .nd tile _ recungul.. _ ... ",Irror. The 18CtenllUl..
=n... ml"or h•• betllr ..._ thIn the round con.... ",irror
for the rteld of view end mirror lcene "Quir.menu.

MIRROR SCENE REQUIREMENT1;

RECTANGULAR CONVEX
12".16"
20" RADIUS

B".3O"
PLANE RIGHT MIRROR
20 FEET ~ROM DRIVER

ROUND CONVEX MIRROR
12" DIAMETER
20" RADIUS

In • 1_lIer con... mirror, 112" di.....t.. ' ..itll • goud field 01
lIi.w, recognition of obi.ctl In tile SClne it difficult 'unlea thl
obj.CtI lIilwld contrllt Ih.rply witll the blCkground. Brightly
p,lintld obilCti Cln be _n ben.r, The bIIt conditions for •
smaller can..,.. mirror Ire tunny eI••, we.,h., wi,h • ligtu colored
blCkground (light tin loill. On d..k colorld gro"nd,witll fraq,,"nt
OVllrCl:lt akin Ind rech,lced vilibilitY ~.t,h.r,.I.rg.lrCon"'K mirror
il """did for tile urne i",.go recognition.

16 17
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Right Mirrors (cont.), _

• ROUND CONVElC
": 1." DIAMETER

3D" RADIUS

ROUND CONVEX
12" DIAMETER

50" RADIUS
NOTE DISTORTION-

..

RIGHT MIRROR CHARACTERISTICS
IAppro.imltel

..L_!l?'l¢J ~ 0' OIljlCtl a 0- 1/ .J! . !,..,...
1oII''''IoIIUIoII SPECIFIC.. TIONS hir ~o 500

PLA'"
, 2" • 30" flIIc1,"..,lw FI.. Nt.,lj",.ia ,. ".
ROU..OCOIIIVU

" .. ChrNwr eon.,.. 15" ,- ...0 I::-, 20" Flir ...-
Typic.l1y 30" I V,ry good lM 401'"

u.ec. SO" e.Clt""1 ,... zr
IS" o..mttlr Convw. 20'" Flir i ... ~

InCTe.inllll UI- - 25" Good .-IT--
18" OJ.mlttr Con\IW" 25" Good I'!~~

Inc....invl.Jl.t;ll- 30" V.~ i!!!!L. DL-1~
20" Oiamlile' COl'''''' I:::,~ .... 90

v. ry goocI Il100 78
~" E.ctllenl .. !>II

"EW RECT....GUL..R ;

COIIIVEll

12" .. I,·· 20" F,I' .. 70'
USBM

30" V,,",,, !InllIl"I &0 0612" .. 20"
RIoD

&0'" Eaeell'l'1! 42 II12" • 30"

TVPES AND SIZES OF CONVEX MIRRORS

On Ueto, Ulill' lruckl, 'iW>1 mi"o" cl_, m~ 12' I,om !he
d,i.., g.in .cldition,1 field of vi.w Ind im"lll qu.lil'l'.

-NOTE; Field 0' ylftW ~h.. onty Ihro ...
thI Clrn" of • .rOUnd con .
mirrOr, A ,m.lle, '",lei of wltw II

morw 1CCeP11:b1t 1ft • recun..,I.,
can~. mirror... W'CItl'!I.
(10-40'41 of !"- l'lorlJonwl f.ld
0' ".W II ..-a 10 VIftW , .... IJdt
01 'I'N IrlolCk.

t NOI DreMnlly

WIld on truct•.

Con... mirro" ... gene'llIy opecifi«l only by lin: howe..', tN
rMliUll 01 curvotu .. it ..ry importlnl. Typial con mi"o" ..ry
f,om, ,.cliul 01. ~rvlIU" of IS" 10 SO", In I con mirror with
, 1"111 ,.cliul. im_ pI Obj,eu _I' 1"111'; howe.." tN lield
01 .i.w is Imllle,. The 111o.. chlrt l"OWI,hI_,o.lm"1 lpeeifi.
calions of common .nd id..1 riW>t mirro". In 10__liCltlorw
lOme mirror ch.rlCtlirrltiCi may h.w to be COI'nDromiMd. The
loed bed "'_ een .110 comp",mile m. view ICI~ requi,.".nll.
Mo.. Ih~ one mirro, c~ t. ulld.

ROUND CONVEX
1." DIAMETER 30" RADIUS

RECTANGULAR CONVElC
·12" • IS" 2D" RADIUS

18 19
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Right Mirrors (conte)__----- _
..

ROUND
CONVEX
1." DIAMETER
30" RADIUS
DECK POST MOUNT

MOUNTING GUIDELINES

• The righl mirror mUll be vieMd without obItruetion
through the right door window 01 the cab.

• The right mirror Ihould tie nlOUnttcl • I.r 10.....rCl • POI'
lib...

• The rlghl mirror II mounttcl Ilill'nly oulbo.rCl 01 the truCk
10 • 10 view the lide 01 the truck. II mounted tOO el_.
the dri..r cannot judge wh.re objeell .re; il mounttcl too
far oulbOarCl. the mirror it winerlll" to dIl_.

• II MIlled, • Ihield/d.'llctor mounltcl on the lolll bell will
prevent da_ Irom I~ belllllilil.

• The mirror mounting poot e.n be ItUChtcl to the eeb Cleek
or loell bell o..rh.nll. It Ihould be IlrOnll.nOullh to pre..nt
vib,..,aon from interfering with the view scene.

• A rwing_.... rei.... I..ture can Pre..nt d.mege due to
Kr_ with IlIr. doors .nd other ItruetUFII.

ROUND
CONVEX

18" DIAMETER
30" RADIUS

LOAD BED
OVERHANG

MOUNT

ROUND CONVEX
MIRROR
lZ" DIAMETER
SO" RADIUS

WITH WAVY LINE
DISTORTION
HANDRAIL MOUNT

RECTANGULAR
CONVEX MIRROR

lZ" • 16"
20" RADIUS

BENT PIPE
SWING·AWAY

MOUNT

ROUND CONVEX
18" DIAMETER

30" RADIUS
DECK POST MOUNT

BLIND AREA . _ ~~I;=~:VIEWER -- -JIi'
(FRESNEL LENSI -~. ,: '"

ROUND
CONVEX
lZ" DIAMETER
SO" RADIUS
POST ARM MOUNT

RECTANGULAR
CONVEX
,Z".,6"

20" RADIUS

20 21
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Mirror Usage _

I l

QUARTER
SPHERE
MIRROR
111" RADIUS

DRIVER'S USE OF MIRRORS

Orl..~ _d 10 ....101' p"f...nces fo, mi,ro, pl_nwnl b_d Oft

thei' ._,ienOi end will IdjUIl mirro~ fo, lhei, _n _. Willi
1"111, _II designed mlrro~ III... it ,.. need lor 1111. Idjustmenl,
end lhe .,....,. _II-o,i.nlld ilnlgll impro.. d,i.. , conlidlnoe
wIIile d'iving end blCking.

Ori.... do become ennoyld .nd I.....!rated by mirro.. 111.1 ...
ItlmlY. 10_. ,.quire .0..I.nf ..ldjullmenl 0"" ••ily d.ml9l!l.
Well dIIignid. properly mounlid mi"o~ 11 ...'ilbl. lield 01--

vilw .nd lind 10 III _II m.inllinecl by d 'i .

MI,ro~ do nol provide. _ dil'lCdy bIIIind III.· ...' Ii ... TIIit
blind .... i. _ornmod.lld in' WI\":

• Ori.. , ,ilullion .-..n.. 01 .11 lrem. in 1111 ....
• Turning when bKkinlll ... thl mirror view.~ ttl.

blind ....
• Guld.n.. I,om • m.n on 1111 g,ound
• Mine t ..lli. p'ocedurll lII.t direct oth.~ to ..m.in in lhe

driw,'. view

MIRROR MATERIALS

QUARTER
SPHERE

MIRROR
15" RADIUS

ENGINE HOOD
MOUNT

GIla mi"o~ IIIn.... ly ..t.in • good vi.w qu.lity until dernlilld.
Oam'llId gl.. mirro~ '0'" repl...rnent. but d.maged.plllti • ."d
metel mirrors 'r~u.ndy Ir. kept in "'Ie n thou;J'l thl "jew
qu.lity hll be.ome deg,ld.d by denu .nd t.II•.

ADDITIONAL USES FOR MIRRORS

Mirro~ ..n be ulld 10 vi.w blind a,.1S in front 01 h.u'. truck"
.... ,hown ,on m. 1.11•• qu.n" ",h". 'TII,ro' h... vi_ 01 !III
.... in f'Onl .nd 10 the ,id.. of tIIIlorw.,d bumpe,. Fo, vi_ing
forwerd Ind right blind .r.as_ F,"".I I.ntli Cln giw • benl'
oriented view end I" being t"ted tor thit .,~lic81ion.See phOto,
P19l21.

TRUCK LIGHTING

8ACKUP LlGH";
..IMEDTOAID
MIRROR USE

22
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In Iddition to Will pi ..... n.tion.ry lighting It Ih. dump••nd
'hOlllI,. mirra, view .t night ••n be gre.tly .ided by .iming IhI
beckup Iiglla 10 ",ollighl th, ground in tile mirra' vi.WI. All 01"-'
lighting on lhe tru.k it nIIdId in orde' '0' Hefli. to judlll m.
d,iving .iIU.tion. 0 ... 10 m••hon IiI, 01 liglll bulbi end ,_,
IUpeNi.ory lII~nn.1 It nighl, redun~nt lighting Oft truc'" it
p..f.,IIlI•.
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