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Executive Summary 

The problem of highway accidents involving snow plows has arisen again and again over the years. Snow 
plow operators work in a harsh environment where winter winds blow snow across the road, and snow 
from the plow blows over the top of the hood, further obscuring visibility. Each winter, motorists travel 
at speeds higher than conditions dictate into conditions where visibility is reduced to nearly zero. It is 
during these harsh driving conditions that snow plow operators are most vulnerable to being hit by 
motorists. The results can be thousands of dollars in private and state vehicle damages. injuries and 
fatalities. 

A tlexible moldboard plow manufactured by Frink America was evaluated for its effectiveness and ease 
of use. Operators in Aberdeen, Mitchell, Pierre, and Rapid city regions used these plows for one to four 
winters. Video was taken to determine the plow's effectiveness at reducing the snow cloud obscuring the 
plow. 111e video and interviews of snow plow operators reveal the tlexible plow is simple to use and very 
effective at directing the snow in a narrow column off of the roadway. The capability to adjust the plow's 
curvature and angle to centerline on the tly allows the operator to adapt the plow to changing conditions 
instantly. Narrowing the discharge end of the plow directs the snow away from the plow, rather than over 
the hood and windshield, greatly improving the operator's visibility. 1bis allows the operator to drive 
faster, more closely matching the speed of traffic, and plowing more roadway in a given time. 

Other Departments of Transportation have used tlexible moldboard plows for more than seven years, and 
claim no major problems with their plows due to cold weather or hard use. 

The tlexible moldboard plows cost nearly twice as much as conventional steel plows. However, the 
higher cost of the plow can be recovered by plowing highways in a shorter time and by avoiding 
accidents. It is recommended that the SDDOT purchase reversible, tlexible moldboard plows when 
higher highway speeds and visibility are required, and the plow's cost can often be recovered within three 
years. 
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Problem Description 

The problem of highway accidents involving snow plows has arisen again and again over the years. Snow 
plow operators work in a harsh environment where winter winds blow snow across the road, and snow 
from the plow blows over the top of the hood, further obscuring visibility. Each winter, motorists 
traveling at speeds higher than conditions dictate drive into conditions where visibility is reduced to 
nearly zero. In South Dakota over the past 8 years, there have been from 7 to 22 accidents per year 
involving motorists colliding with state snow plows.1 Table 1 shows accidents since 1988 where a private 
vehicle side swiped or rear ended snow removal equipment. Steel snow plows are capable of handling 
large volumes of snow because of their large curvature. This very feature is also what casts snow into the 
air and over the hood of the snow plow. When the operator's visibility is reduced, he must slow down, 
sometimes far below the speed of other traffic, until his visibility improves. It is during these harsh 
driving conditions that snow plow operators are most vulnerable to being hit by motorists. The results 
can be thousands of dollars in private and state vehicle damages, injuries and fatalities. 

T bl 1 w· t A • d t S 
Year 

llegio11 '88- '89 '89- '90 '90- '9 I '9 I. '92 '92- '93 •93. '9./ •94. '95 •95. '96 

Aberdeen 0 1 3 5 4 12 4 2 

Mitchell 2 3 4 2 2 5 9 6 

Pierre 3 1 1 2 4 0 2 1 

Rapid City 2 5 2 3 1 5 4 5 

Totals 35 35 16 25 38 48 19 14 

Labor hours 58,136 38,864 45,412 40,469 77,610 104,233 69,588 55,662 
plowing snow 

95-96 Hours shown are as of April 26, 1996 

Background Summary 

SDDOT Research study SD91-06
2 

attempted to address the problem of accidents involving snow plows 
by focusing on the reduced visibility problem. The study evaluated several lighting configurations and a 
flexible moldboard plow that can be changed on the fly by the operator to adapt to changing snow 
conditions. With this configuration, the chute of the plow can expel the snow farther and lower, resulting 
in less snow cloud. The study recommended that the SDDOT install a three light strobe system on all 
snow plow trucks statewide over a three year period. SDDOT took this action, but because of mild 
winters, the flexible plows did not receive a proper evaluation. 

Also involving the visibility of snow plow operators is study SD95-05, Improving Visibility for Snow 
Plow Operators, scheduled for completion in the summer of 1996.3 This study primarily concerns 
methods of improving visibility for snow plow operators such as heated windshields, wiper blades and 
mirrors. Part of the visibility problem cited by operators is the snow blowing over the plow, hood and 
windshield. The flexible snow plow could reduce these problems considerably. 
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TI1e flexible moldboard plow, or Revers-A-Cast (Figure 1), manufactured hy Frink America, was 
purchased for each DOT region in South Dakota. Specifications are shown in Appendix A. Mitchell, 
Rapid City and Aberdeen regions have had one since 1991, and Pierre acquired one in 1994. The benefits 
of using this type of plow are that the moldboard is made from a durable, flexible material called 
polyethylene. The moldboard can be shaped by two hydraulic cylinders operated from inside the cab. The 
plow can be opened or closed at either end, angled left or right, and raised and lowered by the operator at 
any time. This flexibility allows the operator to adapt the plow to changing conditions as they are 
encountered. 

Figure 1 Frink Revers-A-Cast Plow 

This study was to determine the curvature of the moldboard and angle of the plow most effective in 
reducing the snow cloud. The chute opening size depends on the moisture content of the snow, volume of 
snow, plowing speed and wind conditions. Several plow curvature configurations were to be tried for 
each set of conditions. 

Another question to be answered was the efficiency of the plow. Does the Frink Revers-A-Cast plow use 
more or less energy to push than one of the plows SD DOT uses? If the plow is more energy efficient than 
the plows SDDOT is using, the Department can expect to save money over time, in addition to 
contributing to safer highways in South Dakota. 
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Literature Search 

The summary of literature below represents the most relevant of articles and reports found through a 
search done within fhe SD DOT research library and fhe Transportation Research Information System 
(TRIS). This task was task two in the research project statement defined by fhe project's technical panel. 

The Strategic Highway Research Program has done some work with snow plows to increase visibility 
and efficiency. This work was started in 1988, and a final report was published in 1993. The report 
SHRP-H-673, An Improved Displacement Snowplow, identified more efficient plow designs that reduced 
snow clouds and increased plow efficiency. The study was conducted at the University of Wyoming, and 
interestingly, consulted fhe chief engineer of Frink America. the same company who manufactured fhe 
snow plow we are evaluating. This study found a relationship between the ratio of the distance between 
the plow and the truck and the height of fhe hood, and the tlow over the plow/truck combination. Also. a 
snow scoop placed at 45' to the pavement surface in front of the plow reduces the force required to push 
the snow plow by 34%. Rotating fhe plow from 90' to an 80'angle to the pavement surface removes 
compacted snow and ice more effectively and reduces chatter. A scoop was designed to be mounted on a 
modified Frink Revers-A-Cast plow. Reviews from North Dakota, New Hampshire, Vermont, Iowa, and 
California, indicated that the snow scoop clogs when encountering wet or drifted snow. Snow plow 
operators who have used fhem do not approve of fhem. The SHRP snow scoop was not used in this 
study. 

SHRP-H-346, Improved Cutting Edges for Ice Removal, concentrated on cutting edges that remove ice 
from pavement surfaces, and contains no information related to snow plow design or reduction of the 
snow cloud. 

TRR 1387, Snow Removal and Ice Control Technology, contains a paper entitled "Goals and Methods of 
Winter Maintenance in Finland". A rubber variation of the SHRP snow scoop, presented in SHRP-H-
673, is used by Finland to clean fhe wet snow or slush left by the first blade. When dry snow is plowed, 
the plow is hydraulically lifted clear of fhe roadway. The concept Finland uses is: "A road that is as clean 
as possible requires less salt than one that has been plowed less efficiently". 

In a telephone interview, Lee Smifhson, Iowa Department of Transportation, July 1, 1996, stated that an 
attachment has been designed for detlecting fhe tlow of snow from the plow away from the hood and 
windshield of the truck. This European design was photographed by Mr. Smithson and implemented in 
several areas throughout fhe United States. The advantages are low cost, greater visibility and longer life 
for radiators, windshields and wipers. Mr. Smithson videotaped plow operation using cameras on the 
hood, in the back, and in the cab of the truck. Information on the plow shield is in Appendix D. 
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Research Objectives 

The first objective defined by the project's technical panel was to "Determine curvature and plow angle 
configurations to minimize the snow cloud and improve plowing efficiency." l11e panel wanted to 
identify specific amounts of curvature and angle of the plow relative to centerline for different conditions. 
Wet snow and dry snow, wind direction and snow depth might be handled better by adjusting the tlexible 
plow to a unique configuration. 

Objective two was to "Evaluate other methods which may be used separately or in conjunction with 
variable curvature snow plow blades to improve snow plowing safety and/or efficiency." This objective 
was defined to address suggestions that arose from study SD91-06. These suggestions were: 

• Install air foil on top of plow to deflect snow downward. 
• Install rubber flap on discharge end of snow plow. 

Install metal detlection fin to lower discharge height of snow. 
• Install a metal panel on the nose end of a one-way snow plow to reduce snow coming 

around the end of the plow. 

This portion of the study was not completed because the personnel responsible for doing the work were 
tasked with other higher priority work. This is discussed under "Other Research." 

The study tasks were as follows: 

1) Prepare a work plan for this research project. 
2) Review and summarize relevant literature to determine previous work, policies, and/or 

procedures from other sources. 
3) Determine methods for observing and evaluating the equipment in operation. 
4) Observe the equipment in field conditions and determine the following for given snow 

conditions: 
a. Blade Height 
b. Blade Curvature 
c. Blade angle with respect to roadway centerline 

5) Determine if the blade configuration would adversely affect the operator or motorists. 
6) Prepare an interim report summarizing progress of research and findings by May I, 1995. 
7) Submit a final report which should include an executive summary, literature summary, research 

methodology, findings, and conclusions, and recommendations concerning implementation of 
variable curvature snow plow blades. 

8) Present findings and conclusions to SDDOT Research Review Board upon completion of the 
project. 

Observation Methods 

"Determining methods for observing and evaluating the equipment in operation" was task three in the 
project statement. To evaluate the performance of the flexible plow, a reference plow was to be 
evaluated-a steel plow commonly used by SD DOT. Video was to be taken of both plows, running under 
similar conditions. Due to the lack of snow accumulations, only the flexible plow was taped. The snow 
cloud was video taped and observed from behind and from the front. l11e wind speed and direction was 
recorded, type of snow, depth of snow, direction of plowing, openings of both ends of the llexihle plow. 
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angle of the plow relative to the road centerline, and plowing speed. The curvature of the plow was 
measured by using a ruler mounted vertically on the plow. The ruler was marked in inches of plow 
opening. 

Observation of Equipment 

Observe the equipment in field conditions and determine the following for given snow conditions: 

Plow Height 
Plow Curvature 
Plow angle with respect to roadway centerline 

The equipment was observed in new dry snow on the unused taxiway at the Pierre airport. 'This way. 
observations were made while the plows operated without the concern for other traffic. 'Th.is evaluation 
was done during the winters of'94-'95 and '95-'96. 

Before video taping began, a steel rod was attached to the plow to allow a reference to be made when 
watching the video to determine optimum plow height, curvature and angle. After several runs 
videotaping the plow, the rod was removed because it was obvious that the maximum curvature caused 
the largest cloud, the narrowest opening caused the smallest snow cloud. 

Through discussions with snow plow operators, it was discovered that conditions vary so much during 
plowing that it would be impossible to recommend one plow angle and curvature setting for each set of 
conditions. While an operator plows snow, he adapts to changing conditions by constantly adjusting his 
plow. The setting that gives him best visibility and cleanest plowing ability is what he uses. Knowledge 
about what plow settings to use for a specific amount and type of snow or ice would not help the 
operator. The plow's angle relative to centerline was also not an issue because the most effective angle 
for cutting snow and ice changes with conditions. The operator can change this angle until the most 
effective one is found. The reversible plow is a necessity when cleaning intersections. 
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In the photographs, taken from the video, it is clear that while the plow was fully open, similar to the 
steel plow, snow traveled over the top of the plow, hood and windshield (Figure 2). The wind was less 
than 10 miles per hour on the day of videotaping, so direction of travel was not a factor. Note that in the 
first frame, the plow is fully open, is cycled fully closed in the fourth and fifth frames, and opened again. 
Only 2 to 4 inches of dry, undisturbed snow were on the ground. 

Figure 2 Photos taken from beside plow 
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Figure 3 shows the plow from a slightly different angle. 1l1e first frame shows the plow closed. In frames 
3,4,5 and 6, the plow is open, and closed again in the final frames. Again, the wind was light , and there 
was 2 to 4 inches of dry snow. 

Figure 3 Photos taken from beside plow 
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Figure 4 Plow from the front 

Frame l of Figure 4 shows the plow closed. As the plow opens in frame 2 and 3, the snow can be seen 
surrounding the truck rather than being ejected to the side. Snow is 2 to 4 inches deep. 
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Figure 5 Snow cloud seen from behind truck 

The top photo in Figure 5 shows the back of the truck while the plow is fully closed on the discharge 
end. The bottom photo shows truck while the plow is open. The truck nearly disappears from view. 
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Figure 6 Snow cloud seen from in front of truck 

Figure 6 shows the plow closed in the top photo, and open in the bottom photo. Note the snow blowing 
over the top of the plow and hood, obscuring the operator's vision. 
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According to operators, t11e flexible plow efficiently moves light, fluffy snow as well as wet, heavy snow. 
The video was taken while plowing 2-4 inches of dry snow. It clearly shows that an operator's control 
effectively reduces visibility problems. 

Operators also liked me flexible plows because mey were easy to operate and install, requiring no more 
maintenance than steel plows. In fact, the snow plows require less time to maintain man steel plows 
because snow doesn't stick to me moldboard. Steel plows require time for me snow to melt off me plow 
before maintenance can be performed. There have been no leaks in me cylinders and no breaks in t11e 
welds. It is a very heavy plow, which helps keep it on the road and cuts snow and ice down to me 
pavement. The only feature each operator disliked about me plow is mat it was 11' long rather than 12' 
as me steel plows are. At me time the flexible plows were purchased, the manufacturer could only 
acquire polyethylene in 11' sheets. The manufacturer is now able to supply plows using 12' sheets. 

The reversible plows are useful as a push blade to remove snow from intersections, which eliminates the 
need to bring in a loader. In light of the cut in forces for snow removal, me reversible plows can be used 
at other maintenance units when needed most. 

Improved Efficiency 

According to the Frink brochure, fuel efficiency is improved by me low coefficient of friction of t11e 
polymer moldboard. The company claims mat because snow won't stick to me plow's slippery surface, 
me plow may be operated at a smaller angle relative to me centerline, resulting in a wider cutting path.4 

Because me plow would have to make fewer passes to clean a patch of pavement, fuel savings of 25-33% 
can be realized compared to steel plows. The sales brochure claims these savings based on a study done 
at a London airfield in 1977. The text of this report can be found in Appendix B. A 19' Frink polymer 
plow was compared to a 19' steel plow. Because me comparison was made on an airfield, it is not 
directly comparable to plowing snow on state highways. Nevertheless, it demonstrates the concept that 
less energy is used because snow and ice does not stick to me moldboard. 

Through queries of me SDDOT Equipment 
Management System (EMS), snow plow miles Rapid City Frlllk 
traveled and quantity of fuel used were Steel 
extracted for a truck wim and wimout me Frink 
plow attached, and for a similar truck wim and Pierre Frlllk 
wimout a steel plow.5 The data in Table 2 Steel 
shows that in each case, me flexible moldboard 

5.81 
6.00 

5.54 
6.39 

4.39 
4.14 

4.84 
5.33 

-1.42 
-1.86 

-0.70 
-1.06 

plow reduced me mileage of me tmck to a Mitchell Frlllk 5.08 4.70 -0.38 
lesser extent man did me steel plow. This is Steel 5.40 5.30 -0.10 
indicated by me smaller changes in miles per ----------------------------
hour (mph) from summer to winter in me Frink plow man me steel. Note mat me summer and winter 
estimates include various types of work, and mat me mileages shown are averages. Also, in Mitchell 
Region, me truck used in me winter was a manual transmission, whereas me truck wim me steel plow 
was an automatic. This might explain me difference in trends from summer to winter. The Frink plow 
weighs 2400 pounds, roughly me same as the steel plows, so mileage is not adversely affected by t11e 
weight of the plow. The moldboard is light, but the steel framework and hydraulic cylinders are heavy. 
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Operators have observed that the plow seems to cut ice and snow using less power. This may be because 
the cutting edges are more efficient, the operator has the ability to control the angle of the plow, and 
snow does not stick to the plow's surface. 

Economic Analysis and Evaluation 

The Frink plow costs $7,885. 'This is roughly $4000 above the cost of the Monroe and Wausau steel 
plows SD DOT has commonly been purchasing, ranging from $3544 to $4663. A replacement moldboard 
for the 11' plow costs $955. An 11' Frink reversible now lists for $8700, but a bid price should be lower. 
12' Frinks now list for $9830, and 14' list for $10,390. 

Snow plow operators state that they can plow faster using the flexible plow than with the steel plows in 
the same conditions due to increased visibility. During a 12 hour day, a flexible plow traveling 30 mph 
can plow 120 more miles than a steel plow traveling 20 mph. It would take a steel plow an additional 6 
hours to cover the same amount of highway as a flexible plow. At $9 per hour plus $3.60 (40% benefits) 
that a snow plow operator works, $75 a day is saved by covering more highway using the flexible plow. 
At this rate, in 53 days of plowing, the additional $4000 plow cost over the steel plow cost would be 
recovered. 

FHW A Technical Advisory 7570.1 6 provides a basis for what property damage, injuries and deaths cost. 
From these numbers, SDDOT Local Government Assistance calculated that when all types of traffic 
accidents are taken into account statewide, vehicle contact type accidents average about $18,000 per 
accident. Fatal accidents cost $1.5 million or more. The Department averaged 14.5 snow plow rear-end 
or side-swipe accidents per year from 1993 through 1996. Using these figures. if the flexible plow 
reduced accidents by 5.6 per year, or 38% of the annual snow plow rear-end and side-swipe accidenL~. 
the additional cost of the flexible reversible plows would be offset. Additfonal benefits would be 
realized if other types of accident reductions were included in the analysis. For example, snow cloud 
related accidents involving only private vehicles are not included in the average number of accidents. 

Safety 

Task 5 of the problem statement was to determine whether the plow configuration would adversely affect 
the operator or motorists. Videotaping the plow from a variety of angles reveals no adverse effects of the 
flexible plow concerning motorists. Interviews with snow plow operators verify this. 

Operators feel safer using the plow as a result of having better visibility and being more visible to other 
traffic. The lighting system recommended in study SD9 l-06 contributes to better visibility. Having better 
visibility seems to reduce the fatigue factor of operators as well as allowing the operator to operate more 
safely. The higher visibility for the operator allows him to travel faster. more closely matching the speed 
of traffic. 

Other States' Experience 

Interviews were conducted with two states regarding performance and life of their Frink tlexible snow 
plows. David Fraser, maintenance superintendent for Denver, Colorado. stated his organization has had 
tlexible plows for eight years. They have had no problems with them outside of the normal maintenance 
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that is performed on conventional plows. Twenty of their ninety plows are tlexible moldboard plows. As 
steel plows wear out. they are replaced with flexible plows. 

Bruce Hanson. Maintenance Superintendent for the Twin Cities metropolitan area of the Minnesota DOT. 
said his area has used tlexible moldboard plows for seven years. Only six of their 25 l trucks use flexible 
plows. No cracking has been observed on the plows, but in once instance, the moldboard has elongated 
around the bolts. It has not caused reason for concern. In the Twin Cities area. tlexible moldboard plows 
are being placed on routes where it is considered most important to reduce snow clouds. 

Other Research 

During the course of study SD91-06, several ideas were discussed about the use of a detlection fin bolted 
to the steel moldboard of plows presently used by SD DOT. Personnel from the Sioux Falls area were to 
experiment with this concept during the winter of '94-'95. With this fin in place on the discharge end of 
the snow plow chute, snow would be deflected downward in a narrow column, reducing the number of 
snow particles picked up by the wind to produce a snow cloud. In addition to the metal fin, a rubber tlap 
may be mounted to the chute of the plow to narrow the column of snow being discharged. The ideas may 
be tried to determine whether SDDOT's existing snow plows may be cost-effectively altered to reduce the 
snow cloud. Will Rishling of the Sioux Falls Area office has done some initial work on the concept. 
Unfortunately, maintenance personnel are most busy during and after times of snow t'all. Mr. Rishling 
did not find time to try any of the suggestions from the previous study. Nor did personnel from Rapid 
City or Mitchell video tape snow plow operations in their areas. The video taken in the Pierre area is 
sufficient to show the effects of changing the geometry of the flexible moldboard. 

The department has already purchased three more flexible plows manufactured by Viking. These were 
purchased for use on the interstate south of Pierre, and have not yet been used in a winter storm. The 
Viking plows cost $10,293 each. Specifications are shown in Appendix C. 

Conclusions 

The tlexible mold board Frink plow is a significant improvement over conventional steel plows. The 
versatility provided by the plow allows the operator to quickly adapt the shape of the plow to changing 
conditions to improve his own visibility as well as making his vehicle more visible to traffic. The 
improved visibility not only allows him to see more clearly, but allows him to travel faster, decreasing 
the speed difference between his plow and other traffic. These issues provide not only safety, but 
increased efficiency by allowing an operator to plow more highway within a given period of time. 

Recommendations 

It is recommended that the Division of Operations should continue to purchase tlexible moldboard plows 
when a reduction in snow clouds is important and higher highway speeds justify it. 1l1e plows have a 
higher initial cost compared to conventional steel plows, but cost is recovered within two or three winter 
seasons, and safety is improved for the operator and the traveling public. 
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Appendix A 

Frink Plow 



Exclusive flexible moldboard changes 
shape and position for maximum versatility. 

Adjustable from 33" to 51" high, it also re­
verses in any position. Uses Frink worm 

gear or ram reverse drive frames; per­
formance-proven features include 

fuel-saving polymer moldboard 
and trip edge design. 

~FRINK 
,.,AMERICA 



Casts snow left. 

Casts snow right. 

Casts snow anywhere you want it. 



Revers-A-Cast is flexible and reversible, 
to put snow anywhere you want it. 

You've never seen a plow like Revers-A-Cast before. 
Because there's never been a flexible moldboard before. 

This exclusive Frink innovation lets you change casting 
distance, direction and moldboard shape, anytime. From 
inside the cab. With the plow in any position. Without even 
slowing down. 

It's a revolutionary development which means faster, 
easier, more cost-effective plowing for jobs of all sizes 
and types. 

With our unique hydraulic mechanism, you can adjust 
the curvature of the moldboard to fit whatever plowing 
conditions you face. For dry, blowing snow, curl it down 
to 33" straight across. For heavy, wet snow, open the dis­
charge end to 51". Or, flatten it out again to 33" straight 
across to reduce casting distance and blow-back. 

Revers-A-Cast also lets you form a maximum-casting 
One-Way plow by simply reversing the moldboard com­
pletely. For one-way plowing in the opposite direction, 
just reverse the moldboard completely to the other side. 

Plus, you can reverse the plow whenever you like, 
whether it's in the one-way position, curled down, flat 
or whatever. 

Com:ple·?e plowing Ue:xibiliry. 
All these shape and position options mean Revers-A­

Cast can handle many jobs which used to require more than 
one plow. Now you'll have an assortment of plows at your 
fingertips, and you can change from one to another at the 
touch of a lever. 

No more wasting time and money by going back over a 
section of road with a second type of plow. No more unhitch­
ing and rehitching various plows to the same truck. 

With Revers-A-Cast, you can plow one-way streets, res­
idential streets, parking lots, culs de sac, highways, airport 
runways and more. You'll have the flexibility- literally- to 
handle all of these jobs with speed, efficiency and economy. 

.So'Je ,1Jel with rhie p-0lymer moidbocHd. 
Flexibility and reversibility aren't the only qualities you'll 

appreciate about Revers-A-Cast. 
You'll also get performance-proven components like 

Frink's patented polymer moldboard. With its extremely low 
coefficient of friction, this time-tested material is loaded 
with advantages. 

It's tougher than steel but 1ighter than aluminum, and has 
demonstrated real fuel savings of 25-33%. Snow won't stick 
to its slippery surface - no matter what the temperature -
which means plowing is faster and more efficient. 

In addition, the moldboard is practically maintenance­
free. It's corrosion resistant and never needs painting. 

And if you're wondering about durability, consider this: 
We ran the Revers-A-Cast moldboard through a grueling 

Two 3' 12" x 6" hydrau!ic cylinders work automatically, in conjunction with the 
reversing mechanism, to form a one-way cone in whichever direction the 
plow is angled. This rugged, yet clean, scissor device provides an uncom­
plicated means of moldboard shaping. 

Massive. self-al_igning bearings at/ow for proper positioning, while 
eliminating torsional stresses on the moldboard's structural supporting 
members. 

44,000 flex tests at -40°F (that's about eight times what 
you'll ever do with it) and it is still going strong! 

The Frink polymer moldboard revolutionized plowing 
more than 1 O years ago. Now, as an integral part of our new 
Revers-A-Cast, it's doing it all over again. 

\ 
67"' 

,oo 

"~,~++++++= 

Proven fuel savings. 
Fuel consumption, truck with a 
steel plow = 100. 
Fuel consumption, truck with a 
polymer plow= 67-75. 
NOTE: Chart is based upon gallons of 

fuel consumed per square unit 
of linear distance. Figures may 
vary with engine torque, gear 
ratios and other factors. 



Protect equipment with trip edge. 
Another proven part of Revers-A-Cast is the trip edge 

design. This Frink innovation minimizes shock loads by 
deflecting whenever it meets an obstruction on the 
pavement. 

Choice oi Frink drive frames. 
Those of you who already know the value of Frink's Worm 

Gear or Ram Reverse Drive Frames will be glad to know 
Revers-A-Cast fits either one (WG or RR85). 

The hydraulically powered worm gear is infinitely variable. 

C 

lU'JERS-A-CAST SPEClflCA7lONS 

The benefits of trip edge are obvious: Equipment is pro­
tected, driver safety is improved, and the long life of your 
Revers-A-Cast plow is ensured. 

Plus, thanks to Frink's rugged torsion springs, you can 
always be sure of proper blade alignment. 

It locks in place wherever you want. up to 37° left or right. 
The Ram Reverse features the same infinite variation, 

controlled by two powerful 3½" x 16" hydraulic cylinders. 
With a minimum burst pressure of 8,000 PSI, it can handle 
even the heaviest snow conditions. 

Either way, you'll get powerful, dependable reversing 
action with Revers-A-Cast. 

i Moldboard He_ighl Moldboard Path cleared at following angles Reversing I Standard Trip i Approx. 
Plow Models i Max. Mm. Material o· 10· 20· JO• 

3/s" thick RAC 3351-AR 51" 33" polyethylene 11'-0" 10'-10" 10'-4" 9'-6" 

3/a" thick RAC 3351-WG 51" 33" 11'-0" 10'-10" 10'-4" 9'-6" polyethylene 

689-RAC-5M 

37• Mechanism 
' 

Culling Edge 

(Qty. 2) 31 2" X 16" (Qty. 1) 1090 
8'-9" hydraulic steel 'H' x 8" 

cylinders A.A.S.H.O. 

Hydraulic (Qty. 1) 1090 
8'-9" ' motor steel ''2'' x 8" 

w worm gear A.A.S.H.O. 

If It's Innovative, It's From Frink. 

FRINK 
AMERICA 
Clayton, New York 13624 

Activation Weight 

¼''wire 
torsion 1650 
springs 

3,'.i"wire 
torsion 1845 
springs 

TEL: 315,686-5531 FAX: 315 686-5527 

PRINTED IN USA 
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REPORT ON 19' POLY~R F~INK PLOW 

The 19 1 Polymer Plow purchased from Frink of Canada in 1977 - 78 
has become a very valuable addition to our string of snow removal 
equipment at London Airport. 

The Polymer moldboard has cut our operating costs by approximately 
1/3, With the steel 19' moldboard severe snow spill at the nose was 
general at slow speeds, as snow would sticl< to the moldboa:,d and 
pile up, resulting in nose spill, 

Snow does not stick to the Polymer moldboard, resulting in a nice 
rolling motion of plowed snow, enabling at least a 1/3. wider cut, 
therefore the 1/3 saving in fuel and time. The plow is lighter 
therefore less horse power is required to push it permitting higher 
truck speeds. The pushframe in its final stage is a beautiful thing 
to behold due to its simplicity of construction and fingertip hydraulic 
angle control. It is considerably lighter in weight than the 19' steel 
moldboard with hydraulic motor gear type angling. Hydraulic cylinder 
angle control permits for greater stability, and instant ~~gle change 
at the touch of a lever, making it a very versatile snow plow for 
clearing intersections and ramp areas where short turns would normally 
delay the snow removal operation due to loss of angle on turns. 

We at London Airport take this opportunity to thank Frink of Canada 

~

.d t eir engineer for this improved snow plow. 
/) ~ 

~. K petski 
Supervisor 
Equipment Maintenance 



POLYMER - LrNEO PLOW ~ULDBOAROS 

\, / 
/ DUR!HG THE LAST MOBILE_, EQUIPHENT W..INTENANCE CONFERE.~CE AT 1/INNIPEG, 

/ ~~- JAJi VERSEETH WHO rs A DESIGN ENGINEER WITH FRINK. CANADA, INTRODUCED A 

MATERIAL CALLED POLYMER. POLYMER IS A PLlSTIC MATERIAL THAT WEIGHS l/8 THAT 

OF STEEL AXD ITS COEFFICIEIIT IS 1/3 THAT OF STEEL. IT IS VERY TOUGH, VIRTUALLY 

UNBREAXABLE ANO HIGHLY RESISTANT TO WEAR. 

FRINK HAD &EN LlSINS POLYHER FOR THE MOULDBOARD OH L!Gl-lT-OUTY PLOWS FOR SC~E 

TIHE WITH EXCEPTIONALLY GOOD RESULTS. IT WAS SUGGESTED AT THE SEHIHAR THAT THE 

DEPARTMENT OF TAAliSPORT HIQii BE ABLE TO HAK; GOOD USE OF POLYHER \1/iiEN APPLIED TO A 

STEEL l'()ULDBOARD. DALT CLE!:ANO AGREED AND ADVISED THAT THE DEPARTHENT WOULD 

INVESTIGATE THE USE OF POLYMER. 

THIS PROPOSAL WAS DISCUSSED BEi'JEEN DALT CLELAND AHO MYSELF AND IT WAS 

SUBSEQUENTLY AGREED THAT OTTAWA WOULD FUND THE COST OF THE PO~YMER APPLICATION 

AND THE ONTARIO REGION \./DUL□ 111:JNrTOR THE EVALUAi!ON. LONDON AIRPORT WAS CHOSEN AS 

THE EVALUATION SITE BECAUSE THEY HAVE i',iQ IDENTICAL HODEL 4844-0 \/HITE PLO\/ T~UCKS 

BOTH EQUIPPED WITH FRINK ~DEL 4219 P\IK PLO\IS. USING THIS TYPE OF EQUIPMENT \IE WERE 

ABLE TO OBTAIN AN EXCELLENT COMPARISON BETWEEN THE POLYMER AND STEEL MOULDSOAR~S. 

F~!NK 8UILJ A NEW 19' PLO\.I USING A 3/8" SHEET OF POLYHER IN LIEU OF A STEEL 

HOULDBCARD. THIS PLa.l WAS ALSO EQUIPPED WITH T\1O 2 '' HYDAAUL!C REVERSING RAMS TO 

OVERCOME THE PROBLEM ENCOUNTERED ~ITH THE 110~~ AND SECTOR HECHAN!SH. . . 
THIS PLOW WAS PUT INTO OPERATION AT LONDON IN DECEM3ER 1977 AND DURING THAT . 

WHITER OPERATED FOR 108 HRS. SQ>iE "H!NOR PROBLEMS WERE EXPERIENCED BUT OOTHING 

CONSIDERED SERIOUS. WITH TTiE EXPERIENCE DURING THE WINTER IT \/AS DECIDED TTiAT THE. 

PLOW WOULD BE HORE EFFICIENT IF i'riE HYDRAULIC REVERSING RJ\1'1S \/ERE ABLE TO CHANGE THE . .. . ' . ' . ,., 

PLO\.I DIRECTION WHEN THE HCULDBOARD WAS LOADED. AT THIS POrNT THE 2" RAMS lo/ERE tiOT 

ABLE TO DO SO. 

. .. I 2 
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FRI,~:< rNSTN.LED A PAIR OF 4" HEAVY OUTt TEL:SCOP ING PJJti. nns PLOW I/AS PUT 

BAC:< Il<TO SERYICE Ill LONDOlf FOR THE WINTER OF 1978/79 AND PERFOP."IED EXCEPTIONALLY 

WELL, WITrl THE HEAVY DUTY REVERSING PJJti THE OPEAATORS \/ER£ AllLE TO REVERSE AND 

CHA,~GE THE PLO.- DIR£CTION llliE/1 TrlE l'OJLDSOARD \/AS LOADED RESULTIIIG rn A MOR£ 

EFi'!CIEIIT SliOW R£1'«JVAL OPEAATI0/1 AT rrlE SIJTTON AREAS, AT I_IITERSECTIONS ANO ON T.iE 

R.4>1P. 

AT THIS POINT, WE DECIDED THAT TiiE POLYMER SHOULD HAVE SM EXTREME COLD WEATHER 

OPERATION, THE C~PLETE PLCIJ ASSE~LY WAS SHIPPED TO S.S. Joi.ARIE WHICH IS AEOUT 

800 KM'NORirl WEST OF LOl!DOII, IT HAS OPERATED Ai S.S. MARIE FOR TiiE LAST THR£E WINTERS 

I/ITH ONLY MilfOR MAilfi?NANCE REQUIRED. 

DURING THE FIVE YEARS WE HAVE USED T'.rlIS POLYMER PLC'rl, IT HAS ACCU~LATED 2121 HRS. 

OF SERVICE. THERE HAS BEEN VERY LiffiE P~DBLEM \/ITH THE'MECHANICAL ANO HYDRAULIC 

·: GQMPONENTS·. Alif) NO. PROBLEH WITH TH.E .POLYMER liJULD~ARD. • . . . . . . . ·:· 

Tri! CONOITI0/1 OF THIS FLOW CURREITTLY rs THAT THE FRONT SURFACE OF Tr!E HJULDBOARD 

IS COVERED WITH SCRATCHES MO M!r,QR ABRASIONS FROM CONTACT WITH SAND.· lo/ITH THIS WEAR 

AATE, MOST OF US HERE WILL NOT LIVE TO SEE THE FOLY~R WORN OUT. THE EOGE:S. OF THE. 

POLYMER ARE MARKED FRJM CONTACT WITH ornER OBJECTS BUT HO PIECES HAVE BEEN BROKEN CUT. 

t-s· MOST OF YC<J ARE AWARE OF, THE TEST RESULTS FROM n.o SITES ARE NEVER IDENTICN.. . . 

Ill ASSESSING THE COl!SOLIDATED EVALUATION DATA FRCti THESE TilO SITES l,E HAYE PROVED 

CONCLUSIVELY TrlAT THE 19' POLY~R PLC',1 lo/ILL TAKE A 25:: WIDER CUT THAN THE 1~' STEEL . 
PLO'J. IN OTHER i.'OROS, THE POLYli:'.R PLO\/ IS 25: /;:JRE EFFICIENT THAN rr1E STEEL PLOW, 

TriIS IS POSSIBLE-BECAUSE OF TH£ LOWER COEFFICIENT OF POLYMER COMPARED TO STEEL. 
. . 

THE S,i'OW SLICES ALC;'lG THE l'.OULL'BCARO EAS!ER ANO FASTER AND THEREFORE LE.~VES THE 

DISCHARGE END FASTER. Sa-E WEIGHT SAVING iS ACCCHFLISHED SY usrnG PDLY1'1ER IN L!EU OF· .. 

Si!EL ANO Ii/HILE 8Er11G MIIH/JAI. AT )o!CST, \IE ARE PRESEl(iLY OVEill.OADED OH PLOW TRUC): 

F~NT AXLES. 



THERE \.!AS NO BUILD UP OF SNOW OH THE MOULDBOARD WHICH HAS ELIHINATED 

CONSIDERABLE T!l'E IH HA/0 CLEAAIHG THE 1-'JJULOBOARO SHOW ACCU!1.JLATION. .. .. 

3. 

AFTER SCliE EXPER!ESCE WITH TiiE 19' PLOW, WE DECIDED TO EXPERIMEIIT WITH A OHE­

\.!AY PLOW AND il!HG CCH!INATION,: ,IH. hOVE:!&R 1978, i/E ARRANGED WITH FRINK TO HAVE A 

1/4" POLY~ER LINER INSTALLED OH TiiE l'!C(JLDBOARDS OF A FRINK HODEL 440 SKB PLOW Ali □ 
• • 

A 30 sar WING. Tl,IS POLY~R LINED PLOW All □ WING WAS PUT BACK IIITO SERVICE IN WINDSOR 

• AND OPEAATED TiiERE FOR THE WINTER OF 1978/79. 
.. . . 

THIS UNIT i/AS THEN 1"JJVED TO TilflINS TO ACQUIRE. SCHE EXTREI'! COLD WEATHER 
L_- - . 

OPEAATIOH. nit~ PL°" NID i/INS HAS OPERATED AT TiltiINS FOR THE LAST THREE WINTERS 

WITH NO .PROBLEl'!S WHATSOEVER. OORING THE FOUR-YEAA LIFE OF TiiIS UNIT, IT HAS 

ACCUMULATED 2094 HOURS OF OPERATION AHO OT'rlER THAN SOME SURFACE SCRATCHES IT IS 

STILL IN EXCELLENT CONDITION . 

. TI,E .P~SOHHEL IN:,n~rn.s .. FOUND THAT THE POLYHER-LINED PLa.l WAS 1-'JJRE ~EFFtCIENT • : ,· 
' ,. ' 

THAH 'THE STEEL PLOW, ANO IN ADDITION THEY 1-!ADE SOME EXTENSIVE FUEL CONSUMPT!ON 

CCt1PARISOh'S. TiiEY CAf£ UP WITH A FIGURE OF FUEL SAVINGS OF $300.00 FOR THE WHOLE 

SNOW REMOVAL SEASON. THIS IS QUITE SIGIIIFICANT BECAUSE :rHE SNOW-FALL THAT WINTER 

: ... WAS ABOUT 60% OF Tiic: 00~ ·sNOW.aFALL. 

SOHE ADVANTAGES ARE MORE DIFFICULT TO QUANTIFY HOWEVER THEY ARE STILL VALID. 

BY TiiE VERY NATUAf'. CF POLYMER THERE IS LESS 1-IAINTENANCE EXPEllSE:. TiiE \IORK CAN SE 

OONE FASTER ALLOWING l'DRE TIME FOR SOM: OTiiER·AREA OF A!RF!ELD MINTENANCE. 

Mfil:li WE ARE CONSTAATLY BEING ASKED TO 00 liDRE WORK ON THE AIRFIELD WITii LESS PEOPL~, 

I OOH' T HAVE TO TELL YOU HOW I~RTAl!i nlIS IS, 

TiiE OITTAR!O REGION IS COHYIN~ED T'nAT THE INVESTHENT IN POLYMER FOR !'OULDSOARDS 
. 

AliD :-CULDSOARD LI~RS rs A G.'.JOO ONE. THE i-:ANAGE~EMT HAS APPROVED A PROJECT FOR A 

T.E.C. OF $111,000.00 TO INSTALL 0 POLYMl::R LINErlS c~ 31 SNQWPLOxS TiiROUGHOUT THE 

Rt:G!OH. LAST YEAR WE PUT IIITO SERVICE AT S.S. ~ARIE A NEW TR!XK,Wirn A 19' POLYMER 

11Jl.JLDBCARD. 
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Have the efficiencies of a one way with the versatility of a reversible 

Finally you can enjoy complete plowing flexibility. You can always discharge "Downwind". Just change the angle 
of your plow and send the snow wherever nature wants it. It's as simple as that, just pull the lever. 

Now from VIKING you can have it both ways 

Simply angle the plow to the right and you have a right hand one-way, then angle to the left and you have 
a left hand one-way. It's simple, no additional hydraulic valves or cylinders to increase your cost or down 
time. Only from VIKING you can get these features. Take these advantages and couple them with a proven 
trip edge design with polymer moldboard and you're ready to take on whatever winter offers today or even 
into the 21st Century. 

·-~ ~-; : . 
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(5) 7/8" wire torsion springs 
provide safe sure trip action 

• PATENTED mechanical linkage 
provide low cost moldboard 
flexibility without costly 
hydraulic components. 

Clean, efficient and most of all SIMPLE design 

Moldboard is 3/8' thick UHM 
polyethylene 1 piece sheet, 
secured top and bottom. 
Both mechanical ribs are 
provided with zerk fittings 
to insure lubrication. 

SPECIFICATIONS* 

Model 

FL 1042 
FL 1142 
FL 1242 

Trip Springs 

(4)-7/8' wire 
(5)-7/8" wire 
(5)-7/8" wire 

Clearing Path 

8-1/2 to 10' 
9-1/2 to 11' 
10-1/2 to 12' 

Weight 

2,200 lbs. 
2,300 lbs. 
2,400 lbs. 

/'1/Kc (;(_EE,,-i/ 
All models come standard power reverse with (2) 3' x 15' DA cylinders and cushion valve. 
Backer angle is 4" x 4" x 3/4' material. 

• Note: Specifications sub'ect to chan e without notice 
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July 15, 1996 

Mr. John Becker 
South Dakota DOT 
700 East Broadway A venue 
Pierre, SD 57501-2586 

Dear Mr. Becker: 

Ref. No.: 324 

Enclosed are photos and drawings of the snowplow shield Iowa tested the last two 
winters and a copy of the anicle that appeared in the February 1995 issue of 
Technology News. 

The shield in the photos is shown on a 42 inch high, 11 foot reversible snowplow. 
The snowplow lights on this truck were raised about 6 inches to clear the snowplow 
shield. 

The mounting system consists of welding two angle iron mounts to the plow frame. 
The upright suppons are bolted to the angle iron mounts for easy removal. The 
mounting system and adjustment points permit use on almost any plow. Adjustment 
points will require pinning or spot welding to prevent movement during usage. 

The snowplow shields are fabricated per Iowa DOT prototype by a local welding 
shop and tent company and cost approximately $200. 

Please feel free to call if you have any questions . 

BHO:jah 
Enc. 
cc: Tom Donahey 

Lee Smithson 

Sincerely, 

Brad Osborne 
Office of Maintenance Programs 
Maintenance Division 
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TECHNOLOGY N E W S 

Shield improves visibility for snow plow 
operators 
European design passes muster 
In Iowa. 

"When can we have more of these?" 

This is the reaction of Chuck Mann, 
snow plow operator at the state mainte­
nance garage in Cherokee, to a new 
snow plow shield. 

Poor visibility is a snow plow operator's 
enemy, and not just during a storm. 
Even when skies are blue, operators 
often have to squint through "whiteouts" 
of snow stirred up by their own blades. 

The Iowa Department of Transportation 
is testing a prototype snow plow shield 
designed to eliminate or greatly reduce 
the cloud of snow from coming over the 
plow and onto the truck windshield. 
Based on a design used in Austria and 
Germany, the innovative shield creates 
an air foil that draws snow spray away 
from the cab and under the wheels of 
the plow. 

Leland Smithson, deputy director of the 
maintenance division at the Iowa DOT, 
brought pictures of the shield back to 
Iowa after participating in the Interna­
tional Winter Scanning Program in 
March 1994. The program was a coop­
erative effort with the Federal Highway 
Administration's Office of International 
Outreach Programs. 

Smithson showed the pictures to Rex 
Brown, a fabrication welder for the state 
services and maintenance shop in 
Ames. Together, they discussed speci­
fications for the design. Working mostly 
from the pictures and Smithson's 
description, and after discussing the 
concept with several snow plow opera­
tors, Brown designed a similar shield. 

Using a bracket welded to the main 
frame of the snow plow, the shield's 
basic, universal mounting can be 
installed on different kinds of blades. 
The shield's angle is adjustable to allow 
operators to fine-tune the air foil for 
maximum effectiveness. 

"These shields·are inexpensive [about 
$260] and should make snow plow 

February 1995 

operators' jobs a lot easier and safer," 
says Smithson. 

Prototype shields are being tested by 
fowa DOT snow plow operators in 
Williams, Latimer, Forest City, Leon, 
Cherokee, Rock Rapids, Urbana, 
Avoca, Atlantic, Ames, and DeWitt. 
Operators are documenting the shield's 
effectiveness under various situations: 

changing the degree of shield angle, 

testing the most effective length of 
the shield's "tail" (some tails are 12 
inches, some are 22 inches). 

sliding the shield to the right or left, 

testing plows with and without the 
shield under identical conditions, 

checking visibility in front of and 
behind the plow, and 

checking motorists' visibility. 

So far the prototype shields have 
undergone some pretty rigorous condi­
tions, and preliminary feedback from 
operators has been positive. "Snow 
over the cab is diminished," says Mark 
Wright, resident maintenance engineer 
in Rock Rapids. 

In tact, the shield has resulted in at 
least one unanticipated benefit: less 
wear on the windshield. 

"The biggest benefit comes from elimi­
nating most of the sand spray that 
usually gets on the windshield," says 
Steve Botos, highway maintenance 
supervisor in Avoca. He has tradition­
ally had to replace snow plow wind­
shields every three or four years 
because sand under the windshield 
wipers scratches the glass so severely. 

Richard Johnson, highway mainte­
nance supervisor in Williams, has had a 
similar experience. "It keeps the wipers 
free of ice, which makes for a lot less 
use of wipers-which means less 
scratching on the windshield," he says. 

Mounting the shield has not been diffi­
cult. "It was as easy as we were told," 
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says Jack Olson, mechanic at 
Cherokee. 

"It went on easy," agrees Ray Isom, 
maintenance supervisor in DeWitt. "It 
would be no major problem to move it to 
a different plow.". 

This year's snowfalls have been wet 
and mildly heavy, and operators are 
eager to test the shields against a light, 
fluffy snowfall when poor visibility is 
really a problem. 

For information about shield specifica­
tions or for detailed test results, contact 
Leland Smithson at 515/239-1519. ■ 




