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In this investiga tion tungsten carbide tips were inductively 
welded to steel plow blades, and their use and the amount of 
wear were compared with conventional plow blades. 

Early findings during the experimental use of the modified 
blades showed such encouraging results, both in the effective
ness of the blades for snowplowing and in the minimal amount 
of we ru:, that 40 percent of a large fleet was equipped with 
tungsten carbide tips and further tes ts were conducted. 

The results of the tests fully confirmed that tungsten car
bide tipping of plow blades effects cons iderable savings and 
that the tipped blades outperform conventional steel blades. 
Advantages and disadvantages of the modified blade are dis
cussed, and changes in design to improve the life-span of the 
blade are detailed. 

•THIS investigation into the use of tungsten carbide tipped plow blades by the Equip
ment Division of the Department of Highways, Ontario, began in 1963. Its purpose 
was to determine if tungsten carbide tipping of plow blade s would prolong the life of 
the conventional steel blades used, and if the savings afforded in the number of blades 
required for the removal of snow from the highways of the Province would exceed the 
extra costs involved. 

There are 85,462 miles of roads in Ontario, of which the Department maintains 
12,785 miles of major and secondary highways. To keep these roads clear in the 
winter, the Department's maintenance equipment includes 772 one-way plows (Fig. 1). 
Thus, a large savings potential exists if the useful life-span of plow blades can be 
extended. 

EXPERIMENT AL BLADE 

The tungsten carbide selected for the first experimental blade consisted of standard 
rock-bit carbide, 1/a in. wide, which was induction welded into a 7/s-in. blade of 1018 steel. 
The grade of tungsten carbide was comparable with that used in rock drilling bits, with 
11 to 12 percent cobalt and a nominal Rockwell "A" hardness of 88. 5. 

The blade was designed to fit a 132-in. moldboard, and the tungsten carbide inserts 
were 1 in. in length. The blade was constructed in three sections, primarily to over
come machining problems, and because the induction welding equipment available could 
not handle a full-length blade. The cold-rolled steel sections of the blade were ma
chined to take the 1-in. inserts, which were inductively welded to the steel with silver 
solde r. Great care was take n during this operation to insure that no voids were left 
unde r the inserts (Fig. 2). 

METHOD OF TESTrnG 

To compare the performance of the blades, two similar plows were operated in 
tandem on one of the major highways (Highway 400) of the Province (Fig. 3 ). 

One plow was equipped with the experimental blade, and the other with a steel blade. 
The stee l of the conventional blades used conformed to the requireme nts of the AISI 
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Figure 1. One-way plow. 

Specification No. C. 1090. It had a chemical composition of 0.85521 percent carbon, 
0. 8602 percent manganese , 0. 04 perr.ent phosphorus and 0. 05 percent sulfur. The 
Brinell hardness was 250. 

The two plows were operated in tandem throughout the winter season and each plow 
was alternately used in the lead position so that both blades were exposed to leading 
and trailing positions and covered equal mileages. During this test over the fullplowing 
season, the plow fitted with the conventional steel blade used a total of 8 blades, whereas 
it was not necessary to replace the experimental blade, which suffered only a minor 
amount of wear. The wear that occurred was fairly uniform across the length of the 
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Figure 2. Original blade design. 

blade, practically nil at the leading edge, 
and only 1/3 2 in. at the trailing edge. Fig
ure 4 shows this blade after 3 winters' use. 

FURTHER TESTS WITH FIVE 
EXPERIMENTAL BLADES 

In the summer of 1964, 5 additional 
tungsten carbide tipped blades were ob
tained for experimental use and fitted to 
plows in several districts in southern 
Ontario. The original experimental pro
cedure was conducted during the 1964-
1965 winter with all 5 blades. The tungsten 
carbide tips used were % in. wide, Y1s in. 
high, 11/4 in. long, and of standar d rock
drill design; the tips were attached to 
%-in. thick steel blades. The blades were 
constructed in three 44- in. sections, and 
the tips were silver soldered into the steel 
blades by induction welding. 

Experience during the winter of 1964-
1965 confirmed the original findings. The 
tungsten carbide tipped blades showed 
negligible wear-from no perceptible wear 
to less than 1/4 of the carbide-whereas 
the companion plows had used from 3 to 9 
steel blades each. The original experi
mental blade had outlasted 15 steel blades 
by the end of this second winter of use, 
and yet only about 20 percent of the carbide 
tip was worn away. On the strength of 
these results, the Department proceeded 
to equip 40 percent of the one- way plows 
with tungsten car bide tips for the 1965-
1966 winter season. 
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Figure 3. Highway 400, Ontario. 

Figure 4. Original blade after three winters' use. 
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BLADE DESIGN AND USE 

The new blades were constructed to the Department's design by two manufacturers 
and distributed to all 18 districts in the Province. They were installed on both 116 and 
132-in. plows. All blades were constructed in three sections; 28 - in. ce nter sections 
were provided for the 116-in. plows, and the original design length of 44 in. per section 
was retained for the 132-in. plows. 

TEST RESULTS ON 40 PERCENT OF FLEET 

A total of 281 plows, equipped with 116-in. tungsten carbide tipped blades were used 
during the 1965-1966 winter season. Examination of the blades at the end of the winter 
indicated that: (a) 47.4 percent exhibited less than 25 percent wear, (b) 29.l percent 
exhibited between 25 and 50 percent wear , (c) 10.0 percent exhibited between 50 and 75 
percent wear, and (d) 13. 5 percent were considered 100 percent worn or unfit for further 
use (some sections of the worn-out blades were still usable, however, when matched 
with other sections of worn blades). 

Experience during the 1964-1965 winter, when plows were required less frequently 
than during the 1965-1966 season, suggests that 1,628 more ordinary steel blades would 
have been used if the 281 plows had not been fitted with tungsten blades. The percentage 
wear results further suggest that by the time the 281 tipped blades are completely 
worn- out, they will have outlasted 4,467 ordinary steel blades : a ratio of 15. 9 to 1. This 
potential saving of the 116-in. steel blades is shown in Figure 5. 

Fifty-five large plows were fitted with 132-in. blades , and the percentage of wear 
r esults we r e as follows: (a) 56 percent less than 25 pe rce nt wear, (b) 26 percent be
tween 25 and 50 percent wear, (c) 2 percent between 50 and 7 5 percent wear, and (d) 
16 percent were 100 percent worn. Estimates based on the previous year's experience 
indicate that 757 ordinary blades would have bee n used on these plows, and if an esti
mate is made of how many ordinary blades would be used by the time all 55 tipped 
blades are worn out, a saving of 2,333 blades is indicated. On this basis, one 132- in. 
tungsten tipped blade is equivalent to 44 ordinary blades (Fig. 6). 

Actual mileage data are available for 205 of the 116-in. blades and 51 of the 132-in. 
blades (Table 1). 

No. 
of Blades 

113 
48 
23 
21a 

26 
18 

3 
4a 

TABLE 1 

MILEAGE DATA 

Avg. Wear 
Mileage % 

116-in. blade 

4,150 
5,850 
5,760 
Cl,150 

Less than 25 
Between 25 and 50 
Between 50 and 7 5 
100 

132- in. blade 

4,150 
4,350 
6,600 
4,120 

Less than 25 
Between 25 and 50 
Between 50 and 7 5 
100 

aThese b lades W€re considered worn - out and 
unfit for fu rthe r use; two of them had been 
invo lved in acc idents. 

Projected mileage for the blades is 
13,400 mi. for each 116 .. in. blade and 
12,400 mi. for each 132-in. blade (Figs. 7 
and 8 ), indicating that the two sizes of 
blades give approximately the same 
mileages. 

ADVANTAGES AND DISADVANTAGES 
OF NEW BLADE 

The rnaj or advantage of the new blade 
is the saving in material cost (blades, 
nose points, hardware, and shoes), but 
other sa vine;s inf'. lune i rile ti me, or "down
time," which is particularly important 
during a heavy snow storm because the 
time required to change blades can some
times be the difference between keeping 
ahead of the storm or falling behind. In 
the one to two hours often required to 
change a blade, roads can become blocked 
with snow and create increasing difficulties 
for the plowman. The tungsten carbide 
tipped blade obviates the need for frequent 
changing of blades. 
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Figure 7. Actual mileage for 1965-1966 season and projected mileages for 116-in. tungsten carbide 
blades. 
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Figure 8. Actual mileage for 1965-1966 season and projected mileages for 132-in. tungsten carbide 
blades. 

On one particular patrol investigated by the author, the patrolman was very enthusi
astic about the new blade. It was necessary on this patrol to plow 30 mi to the end of 
the run, return to the yard, "flip" the blade, <ind m;ikP. onP. morP. round trip before dis
carding the steel blade normally used. Thus, one steel blade was consumed every 
120 miles plowed on this concrete highway. Over 2,879 miles had already been logged 
with the new tungsten carbide tipped blade, supplied to the patrol, with no downtime. 
Examination of the blade revealed less than 33 percent wear. 

Other operators reported favorably on the clearing capabilities of the new blade. 
They reported that roads could be kept clear of ice and snow more easily, and in some 
cases much less salt was r equired to keep the highways clear. 

Throughout the testing period, operators were instructed to use the new blades in 
the same manner that they had used the steel blades. Blade angles of 45 to 55 deg to 
the road were adopted. The steeper angle is generally preferred in the northern parts 
of the Province, and attempts are being made to standardize the blade angle at 50 deg. 

Some undesirable characteristics were experienced with the new blades. Until the 
steel behind the tungsten carbide wears down to the desired angle, snow and slush can 
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be thrown up in front of the moldboard and be deposited on the hood or windshield of the 
vehicle. When the steel behind the tungsten carbide wears and sand scours part of steel 
away from the front of the tungsten carbide insert, this effect diminishes. 

Reports were received from some districts that the new blade had a tendency to 
wear at either the leading or the trailing end, or both. This may be due to the type and 
condition of road surface, or to incorrect adjustment of the plow. On the trailing end 
of the blade where it overhangs the surfaced part of the road onto the shoulder a high 
pressure point is created which may cause that part of the blade to wear quickly. 
Attempts to use the new blades for gravel shoulder plowing have not been too successful; 
the blades have a tendency to dig in. This is a desirable feature when clearing ice and 
snow, but undesirable for shoulder leveling. It is also suspected that small pebbles 
and blade chattering are causing the tungsten carbide to become chipped. This may 
be overcome by improved flotation, possibly by fitting shoes behind the blades. 

NEW BLADE DESIGN 

The original design of the blade has been changed (Fig. 9 ). In the original design 
(blade angle 50 deg to the road), the area of tungsten carbide in contact with the road 
surface first increased, and later decreased as the wear continued. The tungsten 
carbide became wedge-shaped at one point in the wear pattern, and was then susceptible 
to shattering along a longitudinal plane (Fig. 10). 

A new design (Fig. 11) was adopted which a voids the tendency to wear to a wedge
shaped section throughout the life of the tungsten carbide tip. The height of the tip was 
also increased from 0. 53 5 to 0. 73 5 in. This should increase the usable life of t}J.e blade 
by 60 percent, while only adding 10 percent to the cost. 

The new blades are in five sections. The 132-in. blade consists of two end sections 
16 in. long, two intermediate sections 28 in. long, and one center section 44 in. long. 
The 116-in. blade consists of two end sections 16 in. long, two intermediate sections 
28 in. long, and a center section also 28 in. long. The 16-in. end sections and the 
28-in. intermediate sections are interchangeable on both sizes of plows, to allow more 
latitude in section interchangeability, and thereby effect further economies. The sec
tions may be tack-welded to keep them properly aligned. 

The 5-sectioned blade is less rigid than the 3-sectioned blade, but new rails with 
increased rigidity will be mounted on the moldboards. Until these are actually avail
able, old steel blades will be mounted behind the tungsten carbide blades to provide 
the required rigidity. The new design also includes countersunk plow bolts with square 
shoulders to facilitate tightening. Although the present grade of tungsten carbide has 
proved satisfactory, experiments with a more abrasive resistant type are being con
sidered with a view to improving the life-span of plow blades even further. 

Next winter (1966-1967), 100 percent of the Department's one-way plows will be 
equipped, so that more data on the use of tungsten carbide tipped blades will be available 

A 
EXPERIMENTA L DESIGN NEW DESIGN 

Figure 9. Original and new blade design. 
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Figure 10. Blade shattering along the longitudinal 
plane. 
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Figure 11. New design of blade. 

at the end of the plowing season. On the basis of the results obtained from the 40 per
cent of the fleet covered in this paper, it is anticipated that the extra cost of the tung
sten carbide tipped blades will be eliminated within 1 % to 2 yr. It is then expected 
that the Department will be able to effect considerable saving and at the same time 
provide better snowplowing service. 




