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INTRODUCTION

The Safety of thetraveling public and our maintenance workersisof great concern to the South Dakota Department of
Transportation. TheDepartmentof Transportationhasexperiencednumerousacci dentsinvol ving snow plows. Themost
serious problem seemsto be the "rear-end" accidents on the interstate system.

Themajor contributor tothesnow plow accidentsseemsto bethecloud of snow that isthrown up by thebladeand caught
by thewind. By using abladethat curlsthe snow rather than throwing it to the wind, the snow cloud may be reduced.
Theseaccidentsmay a so be prevented by using alighting system that motorists can seefrom agreater distanceinlow
visibility conditions.

BACKGROUND

Inthe past years, there have been numerous rear end accidentsinvolving snow plows, which may be attributed to poor
visihility. Accident information for South Dakota snow remova equipment inthelast five yearsisshownin Table 1.
Also shown at the bottom of thetableisthetotal number of hours maintenance forces have spent removing snow. The
information was collected from the SDDOT Division of Operations Employee Injury and Accident Report.

Tablel ACCIDENT SUMMARY

Region 88-89 89-90 90-91 91-92 92-93
Aberdeen 0 1 3 5 4
Mitchell 2 3 4 2 2
Pierre 3 1 1 2 4
Rapid City 2 5 2 3 1
Totals 7 10 10 12 11
labor hours plowing snow 58136 38864 45412 40469 49027 *
Labor hours snow & ice 16028 6837 8484 8772 8510 *
removal(not truck)

* 92-93 Hours shown are up to February 5, 1993

These satisticsindicate the DOT needs ways to improve snowplow visibility or to provide additional warning to the
driving public. It wasfor thisreason atechnica pand wasformed to fully define the problem and to develop project
objectives and tasks, which are outlined later in the project definition section of thisreport. The panel decided
theobjectivesof thisstudy would beto determinewhich configuration of avariableangle blade would reducethe snow
cloud further than the blades presently used and to determine whether brighter strobe lights with different flash
patterns would increase vishility of snow plowsover the present SDDOT lighting systems. Thistechnical panel
conssted of an SDDOT operationsenginear, two maintenance coordinators, amaintenanceforeman and ressarch personnd.

A snowplowtruckisapproximately 86"- 9'6" tall and thesnow cloud created behind thetruck when removing snow from

1



the road, hidesthe truck from the driver'sview. Thewind will lift the snow asit comes off the snowplow, creating
asnow cloud behind thetruck. Direction of travel and wind direction will determineif thereis a snow cloud behind
thetruck. Thesnow cloudistheworst when thewind blows the snow coming off the snowplow acrossthe back of the
truck. A flexible blade which may be adjusted by the operator on-the-fly may be able to reduce the snow cloud under
various conditions.

Thelightingsystemthe DOT presently usesdoesnot provideadequatelighting during plowing operations. Thecurrent
uniformlightingsystemfor DOT snowplow trucksisthel owaL ight Systemadopted on February 21, 1984. |t consistsof
arevolving light of at least 50,000 candlepower with one mirror on each side of it, directed toward the rear of the
truck. The system is mounted in the center of the cab guard. The lowa Light configuration is shown in Figure 1.

Figurel lowalighting System

The Minnesota Department of Transportation, Light Study Report of 1989 listed the "snow cloud" created by the



snowplowing operations as a contributing factor in 54 percent of the accidents. Most of the accidents reported
involved vehiclesrear-ending the plow truck. Thereport also stated the warning light effectiveness on snowplow
trucks decreased during the daylight hours.

The Strategic Highway Research Program (SHRP) has recognized that present plow designs aren't efficient. Fuel is

wasted and equipment life shortened because of the forces working on the plow while handling the snow. SHRPis
currently researching changing the design of snowplows.

PROJECT DEFINITION

Research Objectives:
1 To determinewhich configuration of avariable angle blade will reduce the snow cloud further than
the present blades.
2. TodeterminewhethertheMinnesotaDOT lightingsystemincreasesvisi bility overthepresent SDDOT
lighting system.
Research Tasks:
1 Prepare awork plan for this study;
2. Review available literature relevant to snowplow safety;
3. Install the variable angle blades;
4, Install the Minnesota DOT snowplow light system;
5. Determine method for observing equipment in operation;
6. Observe the equipment in field conditions and determine the following for each configuration;

a Height of blade
b. Angle of blade

C. Distance the lights may be seen
7. Determine whether the lighting or blade configuration would adversely affect the operator or
motorists
WORK PLAN

TheTechnicd Pand met at the DOT Centrd Officein Pierre, SD on October 22, 1991 and discussed the methods to be used
during the study and other issues connected to the problem of accidentsinvolving snow plows. The pand reviewed
currentwarninglightsand plowing equipment theDOT wasusing. Thetypeand number of warninglightsweredifferent
on snowplow trucks acrossthe state. They even varied between Areas, in the same Region. These included using
revolving lights mounted above the cab guard, with amber flashing lights, revolving lights, light bars, and cat eye
lights mounted in different configurations on therear of snowplow trucks. These variouslight systemsused by DOT
shops across the state indicate a need and a desire to be more visible to other vehicles on the highway.



The work plan for the study is asfollows:
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2.

Install lights and flexible blades on trucks in Aberdeen, Mitchell and Rapid City regions.
Use avideo camerato tape the lights and plows during snow removal.
Video tape the trucks from behind at 200, 500, and 1,000 fest.

Measure and record snowplow configurations and observationsin each region. The data collection
formis shown on the next page.

Determineif thethreelighting systemsused inthisstudy increasevisihility over thecurrent SODDOT
light system.

Determine how weather conditions affect the snow cloud when plowing snow.

Provide report including methods and findings by June of 1993.



Weather and snow condiitions were to be collected during the videotaping. Information regarding the warning lights
was also to be collected and recorded. The form used to record relevant information in this study is found below.

Snowplow Timeof Day 1. Pow Angle
2. Forward End Curl
3. Trailing End Curl
4, Temperature Wind Direction
Humidity Wind Speed
Type Snow:
Wet Fluffy
Dry Light Snow Fall
% Coverage Heavy Snow Fal 5. VehideSpeed_

6. Videotaped Distance:

200 ft. During Snow Fall
500 ft. During Cleanup
1,000 ft.
Observations:
Lighting System

1. Videotaped Conditions:

Bright SunLight___
Cloudy Day

Clear Night

During Plowing
During Snow Fall____
During Cleanup

Snowy Day

Snowy Night

Fog

Distance Videotaped

at, feet

2. Record weather conditions and vehicle speed in numbers

4 & 5, above in snowplow section.

3. Vehicle Type & Light Type:
Vehicle No.
Single Axle Truck_____
Tandem Axle Truck___
Road Grader
Pickup

4, System Configuration (Include Light Height):

5. Observations;

Brand

Candle Power

Flash Rate

Flash Duration

High or Low




LITERATURE REVIEW

TheNationa Cooperative Highway Research Program located in Washington, D.C. started research Project 6-12, " Improved
Visihility for Snow Plowing Operations" in 1991.

The objective of the study isto identify and eval uate equipment improvements to increase visibility for snow plow
operators and motorists. They are going to study numerous itemsincluding lighting systems, plow equipment and
attachments (deflectors & belting) to see how they affect the operator's visibility. The final report should be
available sometimein 1993.

"Rear Warning Light Configuration on Sander/Snowplow Trucks' AlbertaTrangportation and Utilities, of Edmonton,
Alberta, Canada, 1992.

Two studieswere done on rear lighting configuration of snowplow trucksfrom 1988-1990. Different typesof lighting
were experimented with including light sticks and halogen seal beams. The configuration they liked the best wastwo
red clearance lights dlong with two amber flashing lights mounted above the sander at the rear of the truck. They
retrofitted their trucks with these lights. They continued to use the rear revolving amber light along with the new
clearance and amber flashing lights. The rear-end accidents were reduced from 14 to 4 accidents the year following
the retrofit.

"ShowplowScoopandDesignM ethod" StrategicHighway ResearchProgram(SHRP) Washington, D.C., April 1,1993. SHRP
has recognized that present plow designs aren't efficient. SHRP is currently researching changing the design of
snowplows. Withtheuseof acomputer they havefoundthat the compacti on ahead of theplow causesmost of theenergy
wadte. They haveinstalled asnow scoop in front of the cutting edge which reduces snow compaction. Thefinal report
will be out in 1993.

"Snow Plowingat 60Milesper Hour" E.B. Hodgins, M aintenanceEngineer, New Hampshire Department of PublicWorksand
Highways, Public Works for August, 1971.

TheNew Hampshire Dept. of Public Worksand Highway improved thewarning systems on the snowplow trucks because of
accidents resulting from vehicles overtaking the snowplows. They still had accidents so they hoped to reduce the
accidents by increasing the speed of the plow truck. They used different plows mounted under the center of the truck.
A test section was set up on Interstate 89, signs were ingtaled warning traffic not to pass the plows. They had no
accidents with the high speed plowing which is probably adirect result of installing the warning signs.

"MinnesotaDepartmentof Transportation, Snowpl ow Light Study" JohnHal e- Editor, MinnesotaDOT, 1989. Thestudy
focused mainly on improving thewarning light the Minnesota DOT was using, thereby improving the visibility of the
snowplow trucks. Thedevel opment of anew light manufactured by Wheenwasadirect result of thisstudy. Thedesign
of wingsand snowplowswasal so considered inthestudy. Wing design proved to contributeto the creetion of the snow
cloud, they concluded that awing shaped with more curl should be used to makethe snow roll instead of fanning it out.
Two wings were designed for use, but they had limited use.

The conclusions from the 1987-1989 test period are listed below:

1 A very dight snow cloud blocks out any light configuration installed on trucks.
2. Y ellow (360) degree strobes mounted on door mirrors are not effective.
3. The Whelen DOT-2H strobe light with awhite lensis quite visible.



4, Lights should be mounted on the cab shield, or higher, because the snow cloud is not as dense at that height.

5. The dancing effect created by the flashing strobe lights mounted on the cab shield and truck box "outlines"
the snowplow.

6. Rotary lights perform well because they revolve dowly and thusthe light can be seen for alonger period of
time.

7. It wasn't possible to distinguish the three different colors when seen from adistance. Only the light burst
was seen.

The significant recommendations of the Minnesota Task Forceis listed bel ow:

1 Install theWhelen"MinnesotaDOT Design” strobelight systemat 1.5 million pesk candle power per strobeon
all 1988 and newer trucks.

2. Continue to monitor the two Cameron wing designs.

3. Attempt further changes of plow and wing designs, to help reduce the snow cloud.

4, Review snow plowing operation proceduresto determineif the snow cloud can bereduced and thereby reducing

the potential for accidents.

5. Develop public information items.

Make use of Public Service Announcements of prime-time commercial TV stations.
Develop training packages for driver training classes.

Revise the Minnesota Driver's Manual to include snowplow information.

Promote public awareness through the use of billboard ads.

Prepare Speaker's Bureau packets on this subject.

Do o

TheL.iteraturereviewinformationcontainedintheMinnesotaDOT, Snowpl ow Study of 1989showed3studiesre atedto
warning lights. These studies were asfollows:

"Emergency VehideWarningSystems' A.l.Rubin, G.L. Howett, Nationd Bureauiof Standards, Washington, D.C. May, 1981.

The study gave information on signal effectiveness, signd visihility, and factorsrelating to awarning system. This
report recommended standardization of lighting, using effective colorsin combination, specifically alternating with
white, and greater intensity, along with more effective duty time.

"Information Transfer Characteristicsof MovingLight Signas' J. Berkhout, Human FactorsL aboratory, Department of
Psychology, University of South Dakota, Vermillion, S.D. 1979.

The study rated eight configurations and color combinations of rotating-beam emergency vehiclelights. Itsfocuswas
onflashrate and direction of travel when viewed at night. The main pointswere that information was only 25%-33%
perceived; twin beams gave good indication of travel of vehiclein motion but gave the false perception that the
vehicle was moving away when it was actually standing still.

"Conspicuity of Beacons for Emergency Vehicles' R. Kare, Dept. of Psych. University of Upsala, 1974.
The study supplied graphs comparing various types and colors of warning lights under different lighting conditions.
Theresultsindicated that the rotating orange beacon appeared to be most effective under the largest number of



lighting conditions.

TheLiteraturesearch provided somebenficid information. The Minnesotastudy recommended usingthe Whden DOT-2H
lights and a different blade to keep the snow closeto the ground. The Alberta study information was not available
until theSDDOT research study wasdone. Thelightsadded inthe study apparently helpedto reducerear end accidents.
The Pandl decided to install the lights and variable angle blades to determineif visibility isimproved over the
present snow removal equipment.

VARIABLE ANGLE SNOWPLOW INSTALLATION

TheAberdeen Region, Mitchdl Region, and Rapid City Region, inddled aFrink Revers-a-Cast Flow, Modd RAC 3351-RR
ononetruck ineach Region. Thissnowplow was sdlected because the curvature of the moldboard is adjustable to any
plowing conditions. The objectivewasto determinewhich configuration of the variable angle moldboard plow would
reducethe snow cloud behind thetruck. Themoldboardismadeof 3/8" thick polyethylene. To plow dry snow it canbe
curved downto 33" or if plowing wet snow thedischargeend canbe openedto 51". Thesnowplowis1lfeetlong. The
curvatureof themol dboardandthepl ow angleischangedusinghydrauliccylinders. Thesnowplowscost $7,286.00each,
purchased by theSDDOT Officeof Research. TheFrink Revers-A-Cast PlowisshowninFigures2, 3& 4. Literatureon
the Frink plow can be found in Appendix A.

Figure2 Frink Revers-a-Cast Plow



Figure 3 Frink Revers-A-Cast Plow

Figure4 Frink Revers-A-Cast Plow
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TheFrink plowsweremounted by SDDOT maintenancemechanicsat eechregionrepair shopinJanuary of 1992. TheMitchdl
and Rapid City regionsmounted theplowstandem axletrucks. The Aberdeen Regionmounted theplow onasingleaxle
truck. Theplowsweremounted onthesametrucksthat had the MinnesotaDOT-3light systems. Thelight systemsand
the snowplow could then be observed and datarecorded at the sametime. Operators were told to observe the new
snowpl owsand noteany benefitsand/or disadvantages. Theplowswereobserved and videotaped during 1992 and early
1993. There was not very much snow during this period, so little information was collected.

Figure5 Mitchell Truck - Whelen System 102-C

LIGHTING SYSTEM INSTALLATION
WhdengrobeDOT 3" System 102-A" wasingaled onatruck intheRapid City RegionandaWhdenstrobeDOT 3" System

102-C wasingtdled on atruck inthe Mitchell Region. Thisisathreelight system with a 360 degree strobe mounted
above the cab guard and two rear vertical mounted strobes. The light systems are shown in Figures 5, 6 & 7.
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Figure6 Mitchell Truck - Whelen System 102-C
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Figure7 Rapid City Truck - Whelen System 102-A
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A Whden strobe DOT 3"Sysem 101-D" wasingdled on atruck in the Aberdeen Region. Thisisafour light sysemwith
onelight mounted above each mirror on thetruck cab and two rear directional strobes mounted on the side of the truck
box. All threelight systemswereinstalled in early 1991. The Whelen " System 101-D" is shown in Figures 8 & 9.

Figure8 Aberdeen Truck - System 101-D

Figure9 Aberdeen Truck - System 101-D
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The Mitchdl Regioninstaled a\Wheen (360 degree) strobefor testing. The Aberdeen Region dsoingtalled a Target
Tech (360 degree) strobe, an Austin 2 light directiond strobe system, and a\Whelen (360 degree) strobe for testing.
Other lights besidesthe Whelen DOT 3 lightswere chosen for testing because the Regions felt we needed to try other
lightsthat were less costly to determineif they would perform well enough to be used on our snowplow trucks. The
lights were purchased by the Aberdeen and Mitchell Regions. Light configurations are described in Table 2.

Table 2 Summary of Lighting Systems

Vehicle Light Brand Light Height Measured from ground level to bottom of light
“ Number "

DL038 Target Tech Superstrobe 107" |eft side
11'0" right side - one light mounted on each corner of cal
guard
Changed to Whelen SS-360C on 1[-$@perstrobe 12'0" - mounted in center of cab guard; has
92 prism mounted on each side of strobe 14" from each light]
DF219 Whelen DOT 3 System 101 D 8'6" high cab mirror mounted
6'2" box mounted
DL575 Target Tech 10'8" Mounted in center of cab guard; had diamond gradd
reflectors on each side of strobe 14" from light
Austin system RP-200S 12'0" 2 strobes mounted on rear of sander, one on each
corner
Target Tech was replaced with 11'1" mounted in center; it has mirrors on each side of
Whelen SS-360C on 11-16-92 strobe mounted 14" from light
DL056 Whelen Comet 3 light system Superstrobe 9'10" mounted in center of cab guard; has
prism on each side of strobe 14" from light
11'0" - 2 strobes mounted on rear of sander, one on each
corner
DL039 Whelen DOT 3 System 102-C Model 6H strobe mounted in center of cab guard 11'4"; o[l;e
strobe light mounted on each side of box 6'8" from groun
at rear of truck
DL527 Whelen 360C Superstrobe 11'4" mounted in center of cab guard
DL528 Whelen DOT 3 System 102-A Model 6H strobe mounted in center of cab guard 11'; ong
strobe light mounted on each side of box 6' from ground
rear of truck
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Thejoulerating, type of flash, and flash rate of the strobes tested are shown in Table 3 below.

Table 3 Lighting Information

BRAND MODEL JOULES TYPES OF FLASHYASHES PER MINUTE
Target Tech 951 16 Single 80
Austin RP-200S 20 Double 70
2 Light System
Whelen 360C 24 Four 80
Whelen DQOT-3 System 98 Double F-140
101-D; 4 Lights R- 70
Whelen DOT-3, 102-A,C 52 Double F-70
3 Light System R-70
Whelen Cometflash 54 Four F-70
3 Light System R-70

Note: Joulesrating includestotal of al lightsin asystem. Onejouleis equivalent to the work done when a current
of 1 ampereis passed through aresistance of 1 ohm for 1 second.
F= Front Lights R= Rear Lights

Table 4 Lighting cost and warranty information

BRAND MODEL HIGH-LOW WARRANTY COST (%)
Target Tech 951 No 1Year 105.00
Austin RP-200S No Flash Tube-6 Mo 195.00
2 Light System Power Supply-18 Mo
Whelen 360C Yes Flash Tube-2 Yrs 200.00
Power Supply-5 yrs
Whelen DOT-3 System Yes Flash Tube-1 Yr 1200.00
101-D Power Supply-5 yrs
Whelen DOT-3 System Yes Flash Tube-1 Yr 800.00
102-C Power Supply-5 Yrs
Whelen DOT-3 System Yes Flash Tube-1 Yr 830.00
102-A Power Supply-5 Yrs
Whelen Cometflash Yes SS-361 Strobe-2 Yrs 405.00
3 Light System Power Supply-5 Yrs
2 Rear Strobes-1 Yr

TheWhden DOT-3light systemswereingtaled at each Region maintenancerepair shop by maintenancemechanicsinMarch
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of 1991. TheMitchdl and Rapid City Regionsmounted their light sysemson tandem trucks. The Aberdeen Region mounted
their light system on a single axle truck. Selection of trucks on which to mount the plows was based upon the
maintenance unit in which the truck was located. The truck needed to be located close to the observer'swork station
for effectivedataandvideorecording. Theother lighting systemstheA berdeen Regi ontested weremounted on snowplow
trucks at various times during 1991 and 1992, by the region repair shop. The trucks selected were from the local
maintenance unit again for ease of observation and data recording by the observer.

METHOD OF OBSERVING EQUIPMENT

Thelightsand snowplowswere videotaped by using acameramounted in atrailing vehicle. Weather conditionswere
recorded to help determineif they contributed to the snow cloud behind the truck. Conditions such aslight or heavy
snow, wet or dry snow, wind direction, and wind speed were recorded. The height of the forward end curl and trailing
end curl wasrecorded to hel p determineif different configurationswould reducethe snow cloud. These measurements
were taken before videotaping the snowplow during the snow removal process.

The snowplow truck wasvideotaped at distances of 200, 500, and 1,000 feet. Thesedistanceswere determined witha
range tracking system. The lead vehicle (snow plow) contains a distance measuring instrument (DMI), arange
transmitter and an antenna. Thetrail vehicle contains a DMI, arange receiver/comparator, and an antenna. The
distance between the vehiclesis compared and displayed on the comparator in thetrail vehicle. Thisequipment was
used only on truck number DL575. Distances between thetrail vehicle and other snow plowswas estimated. These
distanceswereusedto determinewhether thewarning lightswoul d penetratethesnow cloud. Theinformation recorded
wasday or night, cloudy or sunny, snowy, foggy conditions, andif thesnow removal processwasdoneduring cleanup or
initid plowing. The information was recorded to help determine how the lights performed under all conditions.
Videotapingthesnowplowtruck workedverywell. By usingthevideo cameraand a sorecordingthedataon paper wehad
apermanent record of the light and snowplow test. The only limitation to videotaping is that the camera does not
record the bursts of light nearly as well asthe naked eye.

OBSERVATIONS OF SNOWPLOW AND LIGHT SYSTEMS

A. Snowplow Observations

Aberdeen Region

Thelower themoldboard is curled down, the closer snow stayed to theground asit was discharged. 1t aso reduced the
amount of snow that blew back on the cab and windshield of the truck.

Example 1: When thefront end is curled down to 45 inches and thetrailing end curl was set at 51 inches the snow
traveled afew feat farther into the ditch than it did when the moldboard was curled down al theway et both ends. The
plowwasat a37 degreeangleand cuttingapath 89" wide. Whentheplow wasset at 51 inchesthewind washlowing the
samedirection asthesnow wasbeing discharged. Whentheplow wascurleddownal theway at 33incheson both ends,
thewindwasblowingagainstthedischargeend. Thewindwasblowing at 13 mphduringboth situations. When plowing
againg the wind there was avery dight snow cloud and the truck could till be seen. The truck wastraveling at 25
mph during both observations and there was only alight wet snow fall.

Example 2: With thefront end curl set down al the way and thetrailing end curl set at 51", then 39", then 33". The
results of these various setting are listed below:
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1. 51 inches; The snow cloud behind the truck was 10-12 ft. tall and hides the snowplow truck.
2. 39 inches; The snow cloud was 9-11 ft. tall and still hides the truck.
3. 33inches; The snow cloud was reduced, could see the top of the sander and truck better.

Theplow wasat a37 degreeangleand cuttingapath 89" wide. Thewindwashblowingat 13 mph against thedischarge
endof thesnowplow. Thetruck wastraveling at 25 mph, therewasonly 1.5to 2inchesof dry snow. Thesnowplow truck
operator reports that the plow stays down and cuts the snow very well.

Mitchell and Rapid City Regions

TheMitchdl and Rapid City Regionslikethe Frink plow. The plow cutsthe snow better than other plows. The snow doud
isreduced and the ahility to change configuration is a great advantage.

B. Light Systems Observations
Aberdeen Region

Light systemswereobserved andvideotaped during 1991, 1992, and early 1993. Thesnowplow truckswerefollowed at
200, 500, and 1,000 feet and thenecessary information wasrecorded. Thetruckswere videotaped when plowing snow
during the day under cloudy and sunny conditions. They were also videotaped at night. Thelightswere morevisible
under cloudy weather than in sunny conditions. The lights are very visible during nighttime use.

TheDLQ38truck had 2 strobes mounted on the cab guard, one on each corner. The Whden Superstrobellight could be seen
better than the Target Tech under most conditions because it flashes more often. The Target Techiis asingle strobe
and the Superstrobe is a double-flash strobe light. During cloudy, snowy westher conditionsthe lights could be seen
from a distance of 1.5-2.0 miles.

Truck number DL575 had astrobe mounted with aDiamond Grade sign sheeting refl ector installed on each sde of the
strobein the lowa Light configuration. This reflector did not enhance the effectiveness of the light. The reflectors
were replaced with mirrors. The mirrorsreflected the light toward the rear of the truck at night but during daylight
conditionsthey had no effect on light enhancement. Two directiond strobes were mounted at the rear of the sander,
12 feet above ground level. These strobes are double flash lights. This light system configuration is very
noticeable. Under dark conditions the rear lights are bright. These lights can be seen one mile away in sunny
conditions. Therear strobeshave one power supply and the center mounted strobe hasaseparate power supply. When
thetruck had only the center strobe mounted, the light could be seen two miles away at night. Thislight systemis
shownin Figures 10 & 11.
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Figure 10 Aberdeen Region Truck

Figure 11 Aberdeen Region Truck
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The DL 056 snowplow truck had a3 light system ingtalled. It has one power supply that runsall threelights. Thisis
astrobe system that hasthe Cometflash feature manufactured by Whelen. Thisfeature provided four pulses per burst.
Thelight ison for alonger period of time than the double flash light. Thetwo directiona lights mounted on the rear
of the sander are dleven feet above ground level and the center mounted light is9' 10" high. This system produces a
very noticeable light at 200, 500, and 1,000 feet. The systemiseven more noticeable at night. The light systemiis
shownin Figures 12 & 13.

Figure 12 Aberdeen Region Truck

Figure 13 Aberdeen Region
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TheDL 219truck hadtheDOT-3, 101 Whelenlight systeminstalled. Onelight wasmounted aboveeachfront cabmirror
and thetwo rear directional strobes mounted at therear of the box. This system isadouble-flash strobe system. The
frontlightsare 8' 6" abovethe ground and therear lightsare 6' 2" abovetheground. Thelights system hastwo power
supplies mounted inside the truck cab, onefor the front lights and one for therear lights. During plowing operations
insnowy, cloudy, or sunny wesather thelight syssemisvery visble. Thelights are mounted in the corners of thetruck
which defines and outlinesthe truck making it easier to see. These lights are really eye-catching, which informs
motorists that thereis an extraordinary vehicle on the highway. Thelight system produces 98 joules of light which
isthelargest amount of light produced by thelight sysemswetested. These lights are bright at night and have to
berunonlow power setting. Thislight systemisavailablewiththe Cometflash featurewhichwould provide morelight
because the lights are on longer and they would be even more prominent.

Mitchell Region and Rapid City Region

TheDL 039truck hadtheWhden DOT-3, 102 systemmounted withthetworear strobesingtalled oneon eachthesideof
thebox and the 360 degree strobe mounted in the center of the cab guard. Thelight system hasone power supply and it
producesatotal of 52 joules. Itisadouble strobeflash system and can be seen under snowy, cloudy and sunny weather
very well. Therear directiona strobes should be mounted above the sander for better visibility.

TheMitchdl Regionasoinstalled aWhe en 360C strobeon DL 527 snowplow truck. Itwasmountedinthecenter of the
cabguardat 11' 4" above ground level. This Cometflash light produces 24 joulesand it ison longer than doubleflash
lights. Thislight isshownin Figure 14.

Figure 14 Mitchell Region Truck

Truck number DL582 a the Rapid City Region dso had aWhden DOT-3, 102 systemingdled onit. Thissysemwasaso
conspicuous during snow removal operations. The center strobeis 11 feet above ground and the two rear directiona
strobes are 6 feet above ground level. Thelight system getsthe attention of traveling public. Therear directional
lights should be mounted above the sander for better visihility. Thislight system can be seen from greater distances
than the lowa Light System.

M anufacture Recommendations
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TheAudtin RP-200S light system is recommended by the manufacture to hdp protect from the common rear end accidents.
The strobes are mounted in an impact rubber resistant housing, which pivots for adjustment.

The Target Tech 951 light isthe brightest strobe Target Tech manufactures. The power supply is one-piece and is
mounted for vibration protection. The 951 strobe is arecommended light for snow plows by Target Tech.

Whdenmanufactureof theDOT-3systemlight recommendsthelight forlarged ow movingvehiclebecauseof thehazard
they pose. Theflashing, high intensity strobesidentify the hazard and define the size and speed of the vehicle. The
front strobes provide light to the front and sides of the vehicle. The rear mounted directional strobes provide an
effective warning system to the rear of the vehicle. The supplier of the Whelen lights recommends buying a quality
systemthat will last for along period of time. Length of continuous usage should be considered when purchasing lights
because some lights are only designed to run for short time periods.

The360C Whdenstrobeisdesignedfor avariety of vehiclesincluding highway maintenancevehicle. Themanufacture

recommends it because it isahighly effective, sdf-contained strobe designed for numerous application. The unique
domeis designed to illuminate the flash over the entire lens surface.
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LIGHT RELIABILITY

The Aberdeen Region has 80 lightsingtalled on their snow plows. Of these lights, the following problems have been
encountered:

A. Thepower supply fortheAustinModd RP-200S(2) light system, mounted on DL575 burned out 1 year after it
was installed and one of the PAR-36 bulbs burned out in April of 1992,

B. Both rear strobesof theWhelen CometFlash (3) light system burned out within 3 months of beingingtalled on
DL056.

C. One of the Target Tech Modd 951 power supplies burned out just alittle over one year of use.

E. We have replaced 2 power supplies on the Whelen 360 strobes in November of 1992.

F. The Target Tech Model 951 strobe affects the AM radio reception in the vehicles they wereinstalled on.
TheMitchell Region said that theworkmanship of thelightshasbeen outstanding. Therehavebeennorepairsor burned
out bulbsinthethreeingalled systemsin thetwo yearsthey have beeninuse. The 360C Whelen Strobe hasn't caused

any maintenance or bulb problems.

The Rapid City Region didn't haveto makeany repairstotheWheen DOT-3lightsat al. They had four light systems
which were all included in the study.

CONCLUSIONSAND RECOMMENDATIONS

Thisstudy consistsof two parts, an eval uation of snow plowsand light systems. Conclusionsand recommendationsare
given here for each.

VARIABLE ANGLE SNOWPLOW
CONCLUSIONS

1 When themoldboard iscurled down dl theway it kegpsmost of the snow from coming over top of plow and onto
the truck hood and windshield even in the wind.

2. Theplow doeskeepthesnow down closer tothegroundat thedi schargeend andit reducesthe height of thesnow
cloud behind the truck.

3. Thetruck operator reportsthat the plow stays down on the road and cuts the snow off better than the plow he
had used previously.

4, There has not been enough snow to get areal good test of the plow since they were installed.

5. There were no adverse effects documented for the traveling public or for the snowplow truck operator, only

positive results have be noted during the testing of the Frink flexible snowplow.

6. The plow reduces the amount of snow that isthrown up on the hood and windshield. Thisin turn reduces
problems with vision, wiper blades, wiper motors, and windshields.
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RECOMMENDATIONS
Theresultssofar arevery promising for thistypeof plow. Further study of the snowplow isrecommended sincethere
hasn't been very much snow sincethey wereinstaled. Thisfollow up research would be necessary to determinewhether
the flexible blades are effective enough to warrant buying more of them.

Objectives of further research:

A. Findanadternativefor snow cloud reduction that could be achieved by modifying the fixed moldboards on
current snowplows.

B. Deemineif the added cost of the flexible moldboard and the reduction in the snow cloud would warrant
changing from the fixed moldboard to the flexible moldboard.

Possible solutions to reduce the snow cloud of exiting fixed moldboard snowplows:
Install air foil on top of plow to deflect snow downward.

Install rubber flap on discharge end of snowplow.
Install metal deflection fin to lower discharge height of snow.

El A o

The Panel recommends the research should be conducted during the winter of 1993-1994. If enough testing is
accomplished by the end of the period arecommendation should be given inthe Spring of 1994. Thebenefitsof such
researchcouldbegreat. M odifyingtheexisting snowpl owsinstead of purchasing new snowplowswoul d savetax dollars.
Benefitswould also include an accident reduction for the DOT and the traveling public, therefore reducing injuries
and preventing fatalities.

LIGHT SYSTEMS
CONCLUSIONS

1 Strobe lights are more visible than revolving lights, a strobe can be seen from adistance of 1 mileand a
revolving light can be seen from adistance of one-half amile during the daytime.

2. A dight snow cloud behind the truck covers up the warning lights.

3. Lights should be mounted as high as possible because they are seen quicker when the snow cloud disappears.

4, TheDOT-3"System 101-D" four light system definesthe size of thetruck and producesthe most light of the
systems we experimented with.

5. Truck operatorsneed to kegp dl warning lightsclean so they will emit the maximum amount of light available.

6. The warning lights can be seen better with the naked eye, than when viewed on the video tape.

7. The Wheen Cometflash (four flash) stays on longer than the double flash or single flash light, which makes
it more detectable.

8. No light system can been seen through some snow clouds behind the truck under some conditions.
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10.

11.

Need to use lights with a Hi-Low feature so they can be turned down on low during nighttime operation.

Mirrorsused inthe lowaconfiguration block thewarning light from view when the light is observed from the
side of the truck.

Thestrobelightsdo affect somepeoplewnhilefollowing thetrucks. Oneindividud following asnowplow truck
had to stop driving for about ahalf an hour to rest hiseyes. Some snowplow drivers reported that they
couldn't follow the truck ahead of them very close because the strobe lights were too bright. Theseincidents
occurred at night but wedon't know if thestrobeswereon high or low setting. Thelights need to be prominent
so drivers will avoid the snowplow trucks.
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RECOMMENDATIONS

1 Ingtall athreelight strobe system on all trucks statewide over athree year period. There are 418 trucks
statewidethat need lightsingtaled. Therecommended threelight system costs $400 per truck. The estimated
cost per year is $55,733 for atotal of $167,200 excluding labor. Thethreelight system consists of one 360
degree strobe mounted above the cab guard in the center of truck and 2 directional rear strobes mounted a
minimumof 11 feet abovegroundleve or 1 foot abovethetop of the sander whichever ishigher. Theminimum
specificationsfor thelight systemislisted below in Table 5. The new recommended light syssemisshownin

Figures 15 & 16.

Table5 Minimum Specifications for recommended three light system

TYPE OF NUMBER HIGH-LOW JOULES TYPE OF FLASHES
STROBE FLASH PER MINUTE
360 Degree 1 YES 20 Double 80
" Rear Directiona 2 YES 13 Double 70 "

Figure 15 Minimum Lighting System
2. Retrofit first trucks that plow on four lane divided and interstate roads. This consists of 173 trucks
statewide. At acost of $400 for the minimum lighting system, the estimated initial cost is $69,200.

3. Before purchasing lights, the warranty period and construction quality should be evaluated..
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Figure 16 Two possiblerear vertical strobe mounting locations

4, SDDOT shouldadopt methodstokeeprecordsof SDDOT snow plow and other mai ntenancevehicleaccidents,
including date, costs, causes and more specific category codes, which will be readily accessibleto Division
of Operations personnel.

5. The recommended specificationsfor an optiond four light sysemislisted in Table 6. This system provides
more light and warning capability, costs about $1200 per system, and is |eft to the region engineer's
discretion.

Table 6 Minimum specifications for optional four light system

TYPE OF NUMBER HIGH-LOW JOULES TYPE OF FLASHES
STROBE FLASH PER MINUTE
Micro Edge Strobe 2 YES 60 Double 140
Assembly
Rear Directional 2 YES 60 Double 70
Strobes

The(2) MicroEdge Strobesmay bemounted oneachcorner of thetruck cabguard. The(2) Rear Directiona Strobesshdl
be mounted the same as the rear directional strobes in the 3 light minimum system.

The benfits of ingtalling the lighting systems will be accident reduction to the SDDOT and the traveling public. If

animproved lighting systemwill reduceinjuries, fatdities and property damage, replacing thewarning lights on snow
plows will have been well worth their cost.

26



Appendix
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