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PREFACE

The State of Maine Department of Transportation has maintained
computerized records on operating and maintenance costs for its
highway maintenance truck fleet since July 1, 1971. Thus, quite
complete cost data was stored, almost from date of purchase, on
a group of similar 1972 Model Year dump trucks composed equally
of gasoline and diesel powered units. Recognizing the opportunity
to obtain comparative cost information based on actual experience,
to help those considering changing over from gasoline to diesel
trucks, the Office of the Secretary, Office of the Assistant
Secretary for Systems Development and Technology, Office of Systems
Engineering, of the U.S. Department of Transportation, through the
Transportation Systems Center, sponsored a study under the Automo-
tive knergy Efficiency Program, at the State of Maine Department
of Transportation, Matcrials and Research Division under Contract
NOT-TSC-1042. ‘The purpose was to extract and assemble the perti-
nent information from the computer system and to conduct an initial

analysis of the gasoline versus diesel truck cost relationships.

In actuality, two data bases are considered in this report.
The first was the 1972 Model Year fleet consisting of 50, 1972
Model Year highway patrol trucks of about 24,000 1lbs. gross vehicle
weight, (G.V.W.), equally divided between gasoline and diesel
powercd units, but comparable in all other significant respects.
The second data base covered 175 trucks of mixed ages. These
trucks were comparable to the 1972 Model Year group and included
it. This larger (lect had 122 gasoline powered trucks and 53

dicsel units.
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1. INTRODUCTION

1.1 GENERAL

The primary goal of this study was to determine fuel economies
and reliability differences, if any, between gasoline and diesel
engines used in highway maintenance trucks. Comparisons were also
made between diesel and gasoline engines for maintenance costs,
reliability and depreciation. The study considered trucks of the
same model, year, and gross vehicle weight (G.V.W.), as well as
trucks of different model years and nearly the same gross vehicle
weight.

The Maine Department of Transportation (MDOT) originally
tested one diesel engine which was furnished by the manufacturer.
The engine's performance was evaluated against that of gasoline
engines and found to be superior in many respects. As a result
of the tests, the Department embarked on a gradual dieselization
of the maintenance truck fleet. Thus, the records of the Depart-
ment provide excellent data for the analysis and comparison of fuel
consumptions of diesel and gasoline trucks under actual operating
conditions. At the same time, since the system was designed for
the needs of Maine DOT, it does not always lend itself completely
to the extraction of the most desirable form of data for a study
such as this one.

1.2 SCOPE
The study used two data bases as follows:
Model 72 Data Base

50 trucks, 1972 models, all purchased the same year,
24,000 to 24,500 G.V.W.,

25 Gasoline Trucks 150 HP (Primarily),
25 Diesel Trucks 180 HP.

All trucks fitted with 4 cu. yd. dump bodies.



Mixed Ages Data Base

175 trucks - all ages (Includes Model 72 Data Base trucks),
22,000 to 24,500 G.V.W.,

122 Gasoline trucks 150 HP (Primarily),

53 Diesel trucks 180 IIP.

All trucks fitted with 4 cu. yd. dump bodies.

General specifications for the trucks, fuels and lubes, as
well as the preventive maintenance schedule are given in the
appendixes.

The Maine DOT began keeping computerized maintenance records
beginning July 1, 1971. Thus, on Model 72 Data Base trucks, there
were nearly complete data from the day of purchase. Reliability
for the Model 72 trucks was based on FY 75 and FY 76 data®* since
computerized downtime records were not intitiated until July 1,
1974.

The data compiled and analyzed for the Mixed Ages Data Base
were for the same years as for the Model 72 Data Base. However,
hecause of age biases, there is higher confidence in the 1972 data
base than in the Mixed Ages Data Base.

It should be noted that because Maine DOT was changing to
diesels during the period these data were gathered, the diesel
trucks are, in general, newer than the gasoline trucks in the
Mixed Ages Data Base. This gives a bias for higher mileage
to the gasoline units.

The Model 72 Data Bases allowed for the comparison of diesel
and gasoline trucks of nearly the same age and weight; the Mixed
Ages base allowed the comparison of diesel and gasoline trucks of
nearly the same weight but of different ages. A winter-summer
comparison of fuel economy was made to determine seasonal dif-
ferences in fuel consumption due to temperature and usage. These
comparisons were completed for the three geographical areas within
the state shown in Figure 1A of Appendix A.

—
The Maine DOT fiscal year is from July 1 to June 30,



2. METHODOLOGY

The Maine DOT operation records were stored on magnetic tape
and provided a nearly ideal source for developing fuel consumption
comparisons between diesel and gasoline engines. These records
also provided information for comparison of parts, labor and
depreciation costs for the two engine types. Additional informa-
tion on reliability was compiled for the period beginning July 1,
1974 (when the Maine DOT began keeping these records) to June 30,
1976,

Analysis results were compared with each data base to deter-
mine the differences in fuel consumption between diesel and gaso-
line units. The two data bases were broken down into fiscal year
of operation and into winter-summer operations. The data were also
broken out by three geographical areas as shown in Figure 1A of
Appendix A. This allowed comparisons for different general and
seasonal usages and conditions. The areas were, broadly: Area 1 -
northern part of the state, rolling hills, heavy snowfall and cold
temperatures, (Maintenance Division 1); Area 2 - northwestern part
of state, mountainous, heavy snows and cold temperatures (northern
portions of Maintenance Divisions 4 and 7, plus a small westerly
portion of Maintenance Division 3); Area 3 - coastal and inland re-
gions, milder temperatures, (Maintenance Divisions 2, 3, 5, 6 and
portions of Maintenance Divisions 4 and 7). It should be noted the
northern portion of Area 3 has very few miles of state maintained
highway.

The statistical analyses were primarily made using an IBM
370 computer and the Statistical Package for Social Sciences, a
system of computer programs.

The variables tabulated included miles and hours of operation,
gallons of fuel, quarts of engine oil and pints of transmission oil.
These variables were broken down by winter and summer for seasonal
usage comparisons. Costs were tabulated for parts, labor, total



gas, oil and grease. Clock hours for repair of the ignition, in-
jection and engine, as well as frequency of such repairs were used
for reliability considerations. These data were tabulated for both

data bases.



3., ANALYSIS OF DATA

The analysis of data for energy consumption was divicded into
In the tables which
follow, n is the number of units covered by the data indicated.

two data bases as described in Section 2.

3.1 MODEL 72 DATA

The diesel units were all Internationals and consisted of
25 units of 24,000 and 24,500 1b. G.V.W. classifications. The
24,000 and 24,500 G.V.W. trucks were identical. The company merely
revised its G.V.W. rating for different batches of chassis. The
gasoline units comprised 14 Internationals and 11 Fords, all in the
24,000 1b. G.V.W, classification.

3.1.1 Fuel Economy

The analysis of fuel economy was based on two dependent vari-
The means of the
miles per gallon (MPG) and gallons per hour (GPH) comparisons
between the diesel and gasoline for the fiscal years 1973, 1974,
1975 and 1976 are shown in Table 1.
averages of total miles divided by total gallons for each fuel
type.

ables: miles per gallon and gallons per hour.

These means are based on

TABLE 1. AVERAGE FUEL ECONOMY BY FISCAL YEAR AND FUEL TYPE
1973 1974 1975 1976
MPG__ _GPI MPG___GPH MPG___GPH MPG___GPH_
Diesel 6.84 2.08 7.51 2.16 7.18 2.37 7.03 2.31
+0.96 +0.29 +0.42 +0.11 +0.52 #0,16 *+0.49 +0.15
Gasoline 5.19 2.84 5.80 2.08 5.47 3.13 5.21 3,02
+0.32 +0.16 +0.36 +0.16 +0.24 +0,12 +0.25 +0.13



The diesel miles per gallon, based on total miles and total
gallons for the four year period, was found to be 33 percent higher
than that of the gasoline vehicles.*

This was found to be true the last three of the four years.
Additional statistical parameters relating to fuel economy, where
the means were based on the unit average, are shown in Tables Al
through AS8.

3.1.2 Engine 0il Required

The analysis of the amount of engine oil required in 200
engine hours for diesel and gasoline engines for FY 1973, 1974,
1975 and 1976 are shown in Table 2. The basis for selecting this
unit of time was that the preventive maintenance was scheduled at
200 engine hours of operation. It should be noted that the 100
hour drain period was extended to a 200 hour schedule in late 1973
and early 1974.

The amount of engine o0il required was approximately 20 per-
cent more for diesel than for gasoline engines. It must be noted
that a standard oil change period whose length was judgmentally

—
Each entry in this table, as in others in this report, contains
a number directly under which is a number preceded by a * (plus-
minus) sign. The first number is an average (mean) or, as in
this case, the ratio of two averages, and the number below it is
the standard error in this estimate. In the case of means, the
standard error is the standard error in the mean (which is the
square root of the sample variance divided by the sample size).
In the case, as in Table 1, of the ratio of two means, x/y, the
approximate formula

2 g- 2 o- 2
X

°x/y

R
~
~

is used. The means referred to here, as all means referred to in
this report, are over specified populations of vehicles for a
specified time period. The standard error in the means is, of
course, figured for the same population and time period. In

Table 1, the means are over the 72 model gasoline trucks and diesel
trucks for various fiscal years. As a general rule of thumb, in
comparing two estimated (or mean) values, add twice the larger
standard error to the smaller standard error and if the result

is smaller than the difference in the estimate the difference may
be assumed more than 95% significant.

6



established obtained for all vehicles. The o0il "consumption' was
therefore really a measure of crankcase capacity, which was larger
in the case of the diesel units.

TABLE 2. QUARTS OF ENGINE OIL REQUIRED IN 200 HOURS
FY 1973 FY 1974 FY 1975 FY 1976

Diesel 23.85% 25.42% 19.39 21.41

Gasoline 19.63%* 19.04% 18.08 18. 36

S
Reflects 100 hour drain period.

Additional statistical parameters relative to engine oil
required are shown in Table Al through AS.

3.1.3 Gasoline, 0il and Grease Costs per Hour

The total gas, oil and grease costs per hour for fiscal years
1973, 1974, 1975 and 1976 are shown in Table 3. Table 3 reflects
approximately a 40 percent savings on the cost of these items for
its four year time period. Additional statistical parameters of
fuel and costs are shown in Tables Al through A8,

TABLE 3. TOTAL GAS, OIL AND GREASE COST PER ENGINE HOUR
FY 1973 FY 1974 FY 1975 FY 1976

Diesel $0.40 $0.70 $1.07 $1.13
Gasoline 0.84 1.17 1.80 1.74

3.1.4 Cross Tabulation Analysis

An analysis by cross tabulation was made by fuel type and
miles per gallon for fiscal years 1973, 1974, 1975 and 1976. This
analysis showed the largest number of gasoline vehicles to be
grouped in the 5 to 6 MPG class for all four years and the largest
number of diesel vehicles to be grouped in the 7 to 8 MPG class
for the years 1973, 1974 and 1975 and 6 - 7 MPG in 1976. (See
Tables A9 through Al2).



3.1.5 Seasonal Usage Comparison

Winter-summer comparison of fuel consumption between diesel
and gasoline units based on Model 72 Data Base for FY 1973, 1974,
1975 and 1976 is shown in Table 4. The mileage is total fleet
miles divided by total fleet gallons. Table 4 is based on a two
month period, January and February for winter, and July and
August for summer. The entries reflect both seasonal temperature
differentials and differences in seasonal usage.

TABLE 4. WINTER-SUMMER COMPARISON MODEL 72

Winter (Jan.-Feb.) Summer {July-Aug.)

1973 1974 1975 1976 1973 1974 1975

Gasoline ~-- n=25 n=25 n=25 n=25 n=24 n=25

MPG -- 4,09 4,65 4.25 7.87 7.67 7.16

- - +0.30 +0.34 +0.28  +0.82 +1.08 +0.72

GPH -- ~3.03 3,24 3.16 2.46 2.92 2.65

-- +0.20 +0.22 +0.20 +0.10 +0.30 +0.22

MPH -- T2.37 T5.07 13.43 T9.36 72.38 T9.00

-- +0.82 +0.42 +0.89 +1.74 +2.72 +1.46

Mi/Mo/ -- 1464 1750 1684 2079 2321 1527
Veh

Hr /Mo/ -- 118 116 125 107 104 80
Veh

Diesel n=15% n=25 n=24 n=23 n=25 n=25 n=24

MPG 5.93 5.19 5.53 5.85 10.59 9.76 9.39

+0.62 +0.29 +0.36 +0.28 +1.33 +1.44 +1.07

GPH —2.09 2.45 2.71 2.46 1.79 2.11 2.04

+0.23 +0.14 +0.20 +0.12 +0.18 +0.28 +0.19

MPH T2.38 T2.71 14,97 14.38 T8.91 20.60 T9.20

+1.22 +0.66 +0.86 +0.78 +2.10 +2.48 +2.09

Mi/Mo/ 2011 1750 1704 2003 2363 2022 1497
Veh

Hr/Mo/ 162 138 113 139 125 98 78
Veh

*The number of units is small because all the diesel units had not
yet been purchased.



The table indicates a highly significant difference between
the fuel consumption rates of winter and summer. The change in
fuel consumption rates between winter and summer for both fuel
types is relatively the same.

For additional statistical parameters on winter and summer
consumption see Tables A13 through A24 and A25a. Table A25a is of
special interest because of- the invariance of the evidence of better
fuel economy for diesels with regard to

1 Year.

2 Summer vs. winter.

3, MPG vs. GPH as the measure.
4

Fleet means vs. unit means.

The evidence for greater fuel economy of diesel trucks over
gasoline trucks holds up as all these factors are varied simultane-
ously and the observed difference, while not absolutely constant

as expected, is consistent with an invariable advantage of about
30%.

3.1.6 Seasonal Usage Comparison by Geographic Area

The winter-summer comparisons by areas within the state as
given in Table 5 for FY 1975, give some indication that the climate
and terrain may influence fuel consumption.

TABLE 5. MPG WINTER-SUMMER COMPARISON BY AREAS FY 1975

Diesel MPG Gasoline MPG
Number Winter Summer Number Winter Summer

-— - - - - s - e = - - o - - - - - - -

- e - - - - - - PR pe—— - - - [ — [

Area 1 3 7.86 9.56 1 6.30 7.40
Area 2 4 4,79 7.75 1 4.10 6.50
Area 3 18 6.71 9.02 23 5.24 6.14

Area 2, with cold winter temperatures and mountainous terrain,
produced the lowest MPG for both diesel and gasoline in both the



winter and summer periods, although the numbers of vehicles sampled
in both areas 1 and 2 are too small to prove the point definitively.

3.1.7 Effects of Vehicle Age

Effects of age on fuel consumption were analyzed by considering
MPG against cumulative miles operated for the 1972 models. There
were indications, although not definitive, of a slight decrease of
mileage with age. The effects of age, broken down by winter-summer
and gasoline-diesel, can be seen in Table 4. There is not an in-
variable clear cut effect. It should be remembered, however, that
these vehicles were no more than 3 to 4 years old of a projected 7
year life.

3.1.8 Maintenance and Depreciation Costs

Maintenance and depreciation costs were analyzed by comparing
the maintenance (parts and labor) costs, engine and non-engine, and

depreciation costs.

This consideration reflected the data base problem that
engine maintenance and depreciation costs per se were not
available. However, it was felt that non-engine aspects of
both gasoline and diesel units were sufficiently similar to
cancel and that each overall maintenance cost therefore re-
flected the particular engine qualities.

The maintenance costs for FY 1973, 1974, 1975 and 1976 are
shown in Table 6.

TABLE 6. AVERAGE MAINTENANCE COST FOR 1972 MODELS

Diesel Gasoline
n Parts Labor n  Parts Labor
FY 73 25 ¢ 189.30  $236.27 25 $ 280.67 $421.14
FY 74 25 339.62 536.87 25 461.61 456.37
FY 75 24 758.04%  679.97* 25 752.95 732.15
FY 76 23 1215.49%% 850 .30%* 25 1348.03 741.66

*Based on 24 Vehicles (Warranty unit removed from data base).
#*Based on 23 Vehicles (Two warranty units remoyed from data base).
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As shown in Table 6 the parts and labor for the diesel units
were slightly less than for the gasoline units for the four year
period. The fact that several of the 1972 model diesel trucks were
found to have engines improperly assembled at the factory resulted
in those units being removed from the data. For additional statis-
tical information on maintenance costs see Tables A28 through A35.

The depreciation costs for the Model 72 Data Base for FY 1973
are shown in Table 7.

TABLE 7. COST ECONOMY OF 1972 MODELS

n=25 n=25
Diesel Units Gasoline Units

Uriginal Capital Costs (1973) (means) $8,598.17 $6,787.23
Range 1,571.84 1,127.76
Standard Deviation 551.34 409.30
Monthly Depreciation (1973) (means) $ 113.84 $ 94,52
Range 27.00 14.00
Standard Deviation 10.08 3.47

The minimum capital cost of a gasoline unit was $6,288.05 and
the maximum capital cost was $7,415.81. The minimum capital cost
of a diesel unit was $7,673.32 and the maximum capital cost was
$9,245.16. For additional statistical analyses of depreciation
see Tables A36 through A43., The depreciation schedule established
by Motor Transport Division was a six year depreciation with a
residual value of 10 percent of the original cost. The high
inflation rate has created a problem that when a unit has been
amortized, the capital cost of the replacement unit is considerably
more than the amount amortized.

3.1.9 Reliability

Reliability was analyzed from data obtained from the Equipment
Downtime File. The data analyzed covered the time period from
July 1, 1974 to June 30, 1976. The measure of reliability was
determined by the number of clock hours of repair and the frequency
of repair. These two parameters provided an indication of downtime

11



and availability of the equipment for operation. The clock hours
were based on the engine, ignition and injection repair times. The
statistical data for the equipment is shown in Table 8.

TABLE 8. CLOCK IHOURS OF REPAIR TIME

Diesel Gasoline

n=23 n=25

FY 1975 Mean 9.93 22.64
Standard Deviation 9.48 19.55

Standard Error 1.98 3.91

n=23 n=25

FY 1976 Mean 12.30 20.78
Standard Deviation 11.21 17.71

Standard Error 2.34 3.54

26.82°, Signifi

*Behrens-Fisher Statistics; FY 1975 d = 2.900, 6 =
= 1.997, 6 = 33.42°

cant Difference at 99% Probability; FY 1976 ¢
Significant Difference at 90% Probability.

The data in Table 8 show the clock hours of repair for the
diesel units to be approximately half of what was found for
gasoline units for the two year period. There was a significant
difference in total annual repair time between diesel and gasoline
for both fiscal years. It should be noted that two diesel units
were removed from the data base because the units had manufacturin
defects which were covered under warranty.

Another aspect of reliability is revealed by a study of the
frequency of repair incidents referring to the same repairs for
which the total clock hours are analyzed in Table 8. For the
gasoline engines there were 153 repair incidents in FY 75 and 133
in FY 76, giving average repair times of 3.7 hours and 3.9 hours
respectively. Tor diesel engines, the number of incidents were
62 in FY 75 and 69 in FY 76, giving average repair times of 3,7 ar

12



4.1 hours respectively. Over the two years, then, the diesels

had a 50% lower repair frequency with nearly the same average time
per repair.

A facet of reliability which may not have appeared in the
data but has been observed in the field is that diesel engines have
proven more reliable in such operations as snowplowing, in which
the ignition on gasoline engines has become wet and failed at
critical periods. Also, the gasoline engines, under severe operat-
ing conditions, have had a higher incidence of general failure than
diesel engines. These things are difficult to measure but never-
theless are worthy of mention.*

3.2 MIXED AGES DATA

The fuel economy analysis for this data base was similar to
that of the Model 72 data.

The Mixed Ages Data Base contained approximately 120 gasoline
units for the four year period. There were 31 diesel units in
1973, increasing to 53 units in 1976. It was pointed out in
Section 2 that the Mixed Ages Data Base had a bias towards higher
mileages for the gasoline trucks as opposed to the diesels. The
results in this section should, therefore, be viewed as supporting
material. The primary quantitative conclusions are not to be drawn
from the Mixed Ages Data Base but from the Model 72 Data Base
just discussed.

3.2.1 Fuel Economy

The fuel economy for the Mixed Ages Data Base is shown in
Table 9.

——e
Personal conversation (9/2/76) with R. F. Vigue, Director Motor
Transportation Service, Maine DOT.
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TABLE 9. AVERAGE FUEL LECONOMY, MIXED AGES

1973 1974 1975 1976
MPG GPH MPG GPH MPG GPH MPG Gri

Diesel 6.91 2.05 7.44 2.13 7.00 2.35 6.85 2.30

Gasoline 4.84 3.02 5.42 2.89 5.00 3.28 4.87 3.24

These results in Table 9 were in close agreement with those
found in the Model 72 Data Base analysis; that 1is, the diesels had
approximately 40 percent better MPG than did the gasoline units.
Additional statistics reclating to fuel economy, where the means
were based on unit averages, are shown in Tables A44 through ASl.

3.2.2 Engine 0il

The analysis of the amount of engine oil required in 200
engine hours are shown in Table 10.

TABLE 10. QUARTS OF ENGINE OIL REQUIRED IN 200 HOURS

FY 1973 FY 1974 FY 1975 FY 1976
————'—'—'—-——
Diesel 23.36* 25.28% 17.86 19.86
Gasoline 18.19* 19.06* 16.99 17.24

¥Reflects 100 hour drain period.

As in the Model 72 Data Base, the diesel engine required
approximately 20 percent more engine oil than the gasoline engines
(see Section 3.1.2 Discussion). Additional statistical parameters
relative to quarts of engine 0il required are shown in Tables A44
through A51l.

14



3.2.3 Gasoline, 0il and Grease Costs per Hour

The total gas, oil, and grease costs per hour for the Mixed
Ages Data Base for FY 1973, 1974, 1975 and 1976 are shown in
Table 11.

TABLE 11. TOTAL GAS, OIL AND GREASE COST PER ENGINE HOUR.

FY_1973 FY 1974 FY 1975 FY_1976
Diesel $0.40 $0.69 $1.03 $1.12
Gasoline 0.85 1.21 1.74 1.87

Table 11 reflects the approximate 43 percent, less cost of
diesels over gasoline engines, on these items for the four year
time period. The 43 percent saving in costs, agrees closely with
the 40 percent found in the Model 72 Data Base. Additional
statistical parameters on gas, oil, and grease costs are shown in
Tables A44 through AS1.

3.2.4 Cross Tabulation Analysis

An analysis by cross tabulation of miles per gallon by fuel
type, was made for FY 1973, 1974, 1975 and 1976. The cross
tabulation analysis showed the largest number of gasoline units
were grouped in the 3 - 4 MPG in FY 1973 and 1976, 4 - 5 MPG in
FY 1974 and 1975. The largest number of diesel units were grouped
in the 6 - 7 MPG in FY 1973, 1974, 1975 and 5 - 6 MPG in FY 1976,
(See Tables A52 through A55.)
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3.2.5 Seasonal Usage Comparison

Winter-summer comparison of the Mixed Ages Data Base produced
results similar to those found for the Model 72 data. The Mixed
Ages results are shown in Table 12Z.

TABLE 12. WINTER-SUMMER COMPARISON, MIXED AGES

Winter (Jan.-Feb.) Summer (July-Aug.)
1973 1974 1975 1976 1973 1974 19765
Gasoline n= n=122 n=118 n=116 n=124 n=122 n=118
MPG -- 3.80 4,22 3.83 7.82 6.69 6.67
-- +0.50  *0.26 +0.12 +0.38 +0.42 +0.34
GPH -- 3.25 3.78 3.60 2.26 2.91 2.72
-- +0.11 +0.11 +0.10 +0.09 +0.15 +0.29
MPH -- 12.85 15.98 13.79 17.64 19.46 18.12
Mi/Mo/Veh -- 1587 1835 1823 1968 1959 1505
Hr/Mo/Veh _ __ - _.--- 128 ___. 115 ___ .32 __ .11z ____ 101 _____. 83.
Diesel n=16 n=31 n=49 n=52 n=32 n=34 n=52
MPG 6.02 5.21 5.64 5.50 10.25 9.93 9.26
+0.62 +0.26 +0.28 +0.24 +1.12 +1.16  *0.70
GPH 2.07 2.46 2.65 2.51 1.77 2.02 1.95
+0.22 +0.12 +0.12 +0.10 +0.16 +0.22 +0.12
MPH T12.47 12.82 T4.94 T3.81 718.11 20.03 18.11
Mi/Mo/Veh 2030 1775 1862 1998 2254 2008 1554
lir/Mo/Veh 162 138 125 145 124 100 85

For additional statistical parameters see Tables AS56 through
A68.

3.2.6 Maintenance Costs

The maintenance costs (parts and labor), engine and non-
engine for the diesel vehicles of mixed ages were found to be
approximately 30 percent less than for the gasoline vehicles
of mixed ages for the four year period shown in Table 13.
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TABLE 13. AVERAGE MAINTENANCE COST FOR MIXED AGES VEHICLES

Diesel Gasoline
n Parts Labor n Parts Labor
FY 73 31 § 181.25 $ 242.64 122 § 548.23 $ 590.88
FY 74 34 348.87 540.05 122 742.83 677.90
FY 75 52 660.93 586.66 118 1028. 46 870.66
FY 76 51 1234.26 789.22 118 1341.16 903.37

Additional statistical maintenance information is shown in
Tables A70 through A77.
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4, CONCLUSIONS

The results of the energy study were based on 22,000-24,500
GVW diesel and gasoline trucks which were used on highway main-
tenance operations. These trucks were separated into two data
bases, one being of same age and GVW and the second being of mixed
ages and nearly the same GVW. The results based on the Model 1972
data (and supported by the Mixed Age Data) indicated the following:

1. The miles per gallon was approximately one-third more for

the diesel units than for the gasoline units.

2. The engine oil required was approximately 20 percent more

for the diesel units than for the gasoline units.

3. The total fuel, engine oil, and grease costs for the diesel
units were approximately 40 percent less than those costs for the

gasoline units.

4. The fuel economy of vehicles appears to have been affected

by climate and terrain.
5. Age (miles operated) had a minor effect on fuel economy.

6. Reliability of the diesel engines was found to be signifi-

cantly better than the gasoline engines.

7. Maintenance costs (parts and labor), engine and non-engine,
for the Model 72 Data Base was found to be slightly less for the
diesels than for gasoline units, but the difference was not

significant.

8. The data seems to indicate an overall economic advantage
to the diesel trucks. Appendix E contains a comparative economic
analysis based on the data presented in the body of this report.
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APPENDIX A. BACKUP DATA

The following tables include the basic data drawn from the
Maine DOT baseline data.
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TABLE A25a. WINTER-SUMMER COMPARISON

Model 72 Data Base

Winter (Jan. - Feb.) Summer (July - Aug.)
Gasoline 1973 1974 1975 1976 1973 1974 1975
n=25 n=25 n=25 n=25 n=25 n=24 n=25
M PG 4.09 4.65 4.25 7.87 7.67 7.16
+0.30 +0.34 +0.28 +.82 +1.08 +0.72
*M P G 4.54 5.37 4,64 7.94 7.96 7.37
+0.29 +0.40 +0,38 +0.34 +0.56 +0.32
G PH 3.03 3.24 3.16 2.46 2.92 2.65
+0.20 +0.22 +0.20 +0.10 +0.30 +0.22
*G P H 3.29 3.42 3.33 2.45 2.90 2.63
+0.24 +0.20 +0.22 +0.12 +0.20 +0.14
MPH 12.37 15.07 13.43 19.36 22.38 19.00
+0.82 +0.92 +0.89 +1.74 +2.72 +1.46
*M P H 12.35 15.01 13.54 19.00 21.35 18.81
+0.37 +0.30 +0.36 +0.82 +1.18 +0.86
x Mi/Mo/Veh 1464 1750 1684 2079 2321 1527
x Hr/Mo/Veh 118 116 125 107 104 80
Diesel
n=15 n=25 n=24 n=23 n=25 n=25 n=24
M PG 5.93 5.19 5.53 5.85 10.59 9.76 9.39
+0.62 +0.29 +0.36 +0.28 +1.33 +1.44 +1.07
*M P G 6.65 5.74 6.15 5.93 10.63 10.58 9.55
+0.48 +0.38 +0.41 +0.22 +0.40 +0.66 +0.60
G P H 2.09 2.45 2.71 2.46 1.79 2.11 2.04
+0.23 +0.14 +0.16 +0.12 +0.18 +0.28 +0.18
*G P H 2.20 2.60 2.87 2.56 1.79 2.10 2.17
+0.17 +0.14 +0.15 +0.09 +0.09 +0.18 +0.18
MPH 12.38 12.71 14.97 14.38 18.91 20.60 19.20
+1.22 +0.66 +0.86 +0.78 +2.10 +2.48 +2,09
*M P H 12.83 12.90 15.03 14.60 18.82 20,27 18.80
+0.54 +0.32 +0.34 +0.43 +1.06 +1.06 +0.86
x Mi/Mo/Veh 2011 1750 1705 2003 2363 2022 1497
x Hr/Mo/Veh 162 138 114 139 125 98 78

*Denotes unit means
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TABLE A25b. WINTER-SUMMER COMPARISON BY AREAS (1 of 3)

Model 72 Data Base

FY 1975 AREA 1 - GAS
Winter Summer
Eq. Num. Miles Gallons Illours M.,P.G. M.P.H. Miles Gallons Hours M.P.G. .P.H.
11116 6069 967 300 6.3 20.2 12633 1700 410 7.4 30.8
AREA 1 - DIESEL
11239 5078 650 285 7.8 17.8 4905 457 297 10.7 16.5+
11240 3399 460 190 7.4 17.9 5433 443 242 12.3 22.5-
11258 4816 582 348 8.3 13.8 8602 1082 256 8.0 33.6
X 13293 1692 823 18940 1982 795
5, 903.29 96.27 79.54 1999.55 364.95 28.58
x 4431.0 564.0 274.3 7.86 16.15 6313.3 660,7 265,00 9.56 23.8
AREA 1 - GAS
11201 3140 764 266 4.1 11.8 7662 1184 424 6.5 18.1
AREA 2 - DIESEL
11247 3296 685 191 4.8 17.3 5330 613 273 7.9 19.52
11248 4990 585 208 8.5 24.0 8593 793 292 10.8 29.43
11249 3925 853 213 4.6 18.4 3715 428 233 8.7 15.94
11257 2161 879 214 2.5 10.1 6425 1269 295 5.1 21.78
X 14372 3002 826 24063 3103 1093
S, 1183.31 139.88 10.66 2047,23 361,02 28.55
3 3593.0 750.5 206.5 4.79 17.40 6015.8 775.8 273,25 7.75 22.02
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TABLE A25b. WINTER-SUMMER COMPARISON BY AREAS (2 of 3)

Model 72 Data Base

FY 1975 AREA 3 - DIESEL
Pinter ' Summer
Iq. No. Miles (Gallons lfours M.P.G. M.P.H. Miles Gallons lHours M.P.G. M.PIL
11228 5622 762 294 7.4 19.1 6707 1053 397 0.4 16.9
11229 5365 634 357 8.5 15.0 7706 694 415 11.1 18.0
11231 3648 659 233 5.5 15.7 5430 547 320 9.9 17.0
11232 4134 588 341 7.0 12.1 3941 355 231 11.1 17.1
11238 2383 420 195 5.7 12.2 3042 254 125 12.0 24.3
11241 3835 661 310 5.8 12.4 4827 692 389 7.0 16.7
11242 4820 698 335 6.9 14.4 4790 445 307 10.8 15.6
11243 5210 652 384 8.0 13.6 4462 429 280 10.4 15.9
11244 5478 594 342 9.2 16.0 4562 638 266 7.2 17.2
11245 3995 631 285 6.3 14.0 6087 686 257 8.9 23.7
11246 3371 558 183 6.0 18.4 4008 357 174 11.2 23.0
11250 2905 433 186 6.7 15.6 1699 119 79 14.3 21.5
11251 4011 737 317 5.4 12.7 4706 512 349 9.2 13.5
11252 2356 608 216 3.9 10.9 4027 303 253 13.3 15.9
11254 5401 641 291 8.4 18.6 5214 594 2758 8.8 19.0
11256 3349 614 178 5.5 18.8 4243 762 271 5.6 15.7
11259 4596 495 261 9.3 17.6 4947 492 257 10.1 19.2
11260 3265 598 232 5.5 14.1 4419 471 304 9.4 14.5
X 73744 10983 4940 84817 9403 4949
Sy 1057.45 90.74 66.08 1317.17 216.89 87.83
X 4096.9 610.4 274.4 6.71 14.93 4712.1 522.4 274.9 9.02 17.14
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TABLE A25b.

Eq. No.

11102
11103
11104
11105
11109
11110
11111
11112
11113
11120
11123
11135
11138
11202
11203
11204
11205
11206
11207
11208
11209
11210
11211
X

S

x

Model 72 Data Base

WINTER-SUMMER COMPARISON BY AREAS (3 of 3)

FY 1975 AREA 3 - GAS
Miles Gallons Hours M.P.G. M.P.H. Miles Galilons Hours M.P.G. M.P.H.
3439 361 197 9.5 17.5 8447 1673 388 5.0 21.8
3871 308 220 12.6 17.6 9051 1464 469 6.2 19.3
3829 910 331 4.2 11.6 6241 1375 399 4.5 15.6
4038 723 332 5.6 12.2 5621 962 357 5.8 15.7
3760 824 194 4.6 19.4 4355 774 300 5.6 14.5
5072 962 293 5.3 17.3 5461 1092 357 5.0 15.3
3484 757 223 4.6 15.6 4360 661 277 6.6 15.7
4225 1121 267 3.8 15.8 5440 814 366 6.7 14.9
3507 88S 252 4.0 13.9 4445 768 336 5.8 13.2
3015 569 240 5.3 12.6 4394 690 361 6.4 12.2
3957 955 224 4.1 17.7 6218 746 320 8.3 19.4
4754 541 296 8.8 16.1 5094 646 242 7.9 21.0
4149 663 256 6.3 16.2 5516 1100 289 5.0 19.1
36685 837 317 4.4 11.6 8073 1333 409 6.1 19.7
5046 882 263 S.7 19.2 6266 1073 358 5.8 17.5
4337 741 241 5.9 18.0 7693 1347 333 5.7 23.1
3320 891 327 3.7 10.2 7096 903 384 7.9 18.5
3396 778 281 4.4 12.1 8322 1094 471 7.6 17.7
3411 709 264 4,8 12.9 5838 1060 377 5.5 15.5
4521 695 294 6.5 15.4 8594 1674 372 5.1 23.1
4245 912 222 4.7 19.1 10340 1360 436 7.6 23.7
2483 444 185 5.6 13.4 8378 875 372 9.6 22.5
3267 480_ _ 205 6.7 15.9 7030 1316 469 5.3 15.0
88791 16954 5924 152273 24800 8442
636.32 206.88 45.43 1717.21 315.22 59.92
3860.5 737.1 257.6 5.24 14.99 6620.6 1078.3 367.0 6.14 18.04
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APPENDIX B. DETAILED SPECIFICATIONS FOR U4x2 HEAVY DUTY
DIESEL DUMP TRUcK 24,000 POUND GROSS VEHICLE
WEIGHT. MINIMUM

PURPOSE AND INTENT

It is the purpose and intent of these specifications to des-
cribe a lleavy Duty Diesel Powered Patrol Truck with a minimum

manufacturer's rated capacity of 24,000 1lbs. G.V.W. equipped with
conventional cab and sheet metal.

The truck offered must be of the latest model and satisfactory
for general highway maintenance work including dump service, plowing
and sanding. The frame and suspension must be designed and rein-
forced for the installation and operation of a heavy-duty one-way
trip blade hydraulic plow w/R.H. wing. Standard steel cab. Tip
forward hood or swing-out fenders not acceptable.

Heavy duty optional capacity windshield wiper motor, heating
and defrosting systems are an absolute requirement for dependable

and efficient operation under extrcme conditions of winter service.

1. WHEELBASL § C.A.

1.1 Wheelbase shall be approximately 156", or no longer
than is essential for mounting 9', 4 cubic yard body
w/20" minimum space between cab and body for mounting
plow tower.

1.2 Cab axle dimension shall be approximately 86", body
oyerhand 12",

2. ENGINE
2.1 Automotive diesel.
2.2 Caterpillar, Cummins, IHC or approved equal.
2.3 Approx. 175 hp.
2.4 Approx. 300 1b./ft. torque.

2.5 Designed for No. 2 diesel fuel and/or 50/50 winter
blend.

2.6 Proven history of application in similar service.
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2.7 H.D. cooling system w/automatic radiator shutters
2.8 Water filter.

2.9 Sealed governor.

2.10 Standard oil filtration system.

2.11 Standard air filtration system.

2.12 All engine accessories shall be readily accessible

for servicing and repairs.
2.13 Magnetic oil drain plug.

2.14 Space under radiator to mount crankshaft driven P.T.O.

preferred.
CLUTCH
Heavy duty, 14" diameter S.P. or 13" 2-P.

TRANSMISSION

4.1 5 speed, direct-in-5th (or 10-speed if single speed

ixle).
4.2 P.T.O openings R § L.
4.3 Input rating not less than engine output torque.
FRONT AXLE
5.1 I-beam type.
5.2 Suitable for snowplow and dump services.
5.3 7000 1lbs. cap., min.
5.4 Hydraulic steering booster.
5.5 Spring cap. 3500 1lbs. at pad (each) min.
5.6 HD double acting shock absorbers.
REAR AXLE
6.1 17,000 1lbs. cap., min.

6.2 2-speed differential (single speed acceptable w/10-

speed trains).



6.3 Dual tire chain clearance 2", min,

6.4 %eared to provide approx. 60 MPH at maximum governed
engine RPM,

6.5 Spring capacity 8,000 lbs. each at pad, min.

6.6 Helper springs shall be largest capacity option
available.

6.7 Optional HD spring brackets.

6.8 Magnetic oil drain plug.

NOTE: Axle shall be Eaton 17,500-16244 w/15-1/2 ring
gear, axles 1.88 S.D. x 16S. x 11-11/16 B.D.;
Rockwell 17,000-H340, axles 1-7/8 S.D. x 205
x 1-3/4 B.D., or approved equal.

BRAKE SYSTEM

7.1 Standard hydraulic brakes, front; 6" brakes, rear.
7.2 Power booster (vacuum) w/reservoir,

7.3 Standard parking brake.

WHEELS § TIRES

8.1 20X7 heavy duty spoke wheels.
8.2 General "Super Expressway'" 900X20 12-ply Nygen, front.

8.3 General '"Dual Cross Lug" 900X20 12-ply Nygen, dual
rear § mounted spare tire.

8.4 3-piece HD demountable rims, Goodyear JM or approved
equal,

FRAME

9.1 Heavy duty model, high tensile steel preferred,
9.2 Suitable for HD plow § dump service.
9.3 Inverted "L" or channel reinforcement.

9.4 Fishplates not acceptable.



10.

11.

12.

FUEL

TANK (S)

10.1

10.

10.

2
3

10.4

50 gallons cap., min., including auxiliary.
Step type preferred.
12" road clearance mandatory.

Must not be mounted above chassis rails, if mounted

on right side.

ELECTRICAL SYSTEM

11.1 12 volt, 40 amp cap., min. w/high output at idling
speeds.

11.2 70 amp-hr. HD battery.

11.3 3-way tail lights.

11.4 Directional lights.

11.5 Dual electric wipers (see Page 1, 3rd paragraph).

11.6 Optional cap. fresh air heater/defroster. (See
Page 1, 3rd paragraph.)

11.7 Engine hour meter (electric tape).

11.8 Dual horns.

11.9 Cigarette lighter.

ACCESSORIES

12.1 Dual sun visors.

12.2 Windshield washers.

12.3 6" x 16" W.C. mirrors.

12.4 Mud flaps.

12.5 Seat belts.

12.6 Engine tachometer, electric type preferred.

12.7 Rust-proofing, cab & sheet metal (see attached

section subject matter).
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13, TOOLS W/EACH UNIT

13,1 Front § rear wheel bearing adjustment wrenches.
13.2 Tire change (wheel/rim) wrenches.

14, PAINT

14.1 Cab and chassis highway orange enamel.

14.2 Fenders and running boards black enamel.

14,3 Engine hood non-reflective flat black paint.
15. MANUALS

15.1 10 - Operators' manuals, chassis.

15.2 3 - Repair manuals, chassis.

15.3 3 - Parts books, chassis.

15.4 3

Parts retail price 1list, chassis.
16. GENERAL

16.1 All manuals should be delivered prior to acceptance
of the final chassis.

16.2 Chassis to be completely serviced, tuned up, wheels
balanced (front) and steering geometry adjusted prior
to delivery.

16.3 Vehicle offered must comply w/applicable Federal and
State of Maine regulations.
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APPENDIX C. DETAILED SPECIFICATIONS FOR 4X2 HEAVY DUTY
* GASOLINE DUMP TRucK 24,000 PouND GROSS
VEHICLE WEIGHT., MINIMUM

PURPOSE AND INTENT

It is the purpose and intent of these Specifications to
describe a Heavy Duty Patrol Truck with a minimum manufacturer's

rated capacity of 24,000 lbs. G.V.W. equipped with conventional
cab and sheet. metal,

The truck offered must be of the latest model and satisfactory
for general highway maintenance work including dump service,
plowing and sanding. The frame and suspension must be designed
and reinforced for the installation and operation of a heavy-duty
one-way trip blade hydraulic plow w/R.H. wing. Tip forward hood
or swing-out fenders not acceptable if in conflict w/plow apparatus.

Heavy duty optional capacity windshield wiper motor, heating
and defrosting systems are an absolute requirement for dependable
and efficient operation under extreme conditions of plowing.

1. WHEELBASE § C.A.

1.1 Wheelbase shall be approximately 156", or no longer
than is essential for mounting 9', 4 cubic yard body
w/15" minimum space between cab and body for mounting
plow tower.

1.2 Cab axle dimension shall be approximately 86'";
body overhand 12',

2. ENGINE

2.1 6-cylinder, in-line, truck type, high-torque
characteristics, 292 c.i.d., min.

2.2 Designed for regular octane gasoline.
2.3 Sealed governor.
2.4 H.D. cooling system.

2.5 Full-flow oil filter w/replaceable element.



2.6 Fuel filter, discardable in-line type.
2.7 H.D. air cleaner, dry type preferred.
CLUTCH

Heavy duty, optional size, 11-1/2" min.

TRANSMISSION

4.1 5 speed, direct-in-5th.

4.2 P.T.O. openings R & L.

FRONT AXLE

5.1 I-beam type.

5.2 Suitable for snowplow and dump services.
5.3 7000 lbs. cap., min.

5.4 Hydraulic steering booster..

5.5 Spring cap. 3500 1bs. at pad. (each) min.
5.6 H D double-acting shock absorbers.

REAR AXLE

6.1 17,000 1lbs. cap., min,

6.2 2-speed differential.

6.3 Dual tire chain clearance 2', min.

6.4 Geared to provide approx. 60 MPH at maximum governed

engine RPM.
6.5 Spring capacity 8,000 1bs. each at pad, min.

6.6 Helper springs shall be largest capacity option
available.

6.7 thional HD spring brackets.
6.8 An oil drain plug shall be provided.

NOTE: Axle shall be Eaton 17,500-16244 w/15-1/2 ring gea
axle 1.88 S.D. x 165. X 1-11/16 B.D.; Rockwell
17,000-H340, axles 1-7/8 S.D. x 20S. X 1-3/4 B.D.,

or approved equal.
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10.

BRAKE SYSTEM

7.1 Standard hydraulic brakes, front; 6" brakes, rear.
7.2 Power booster {(vacuum) w/reservoir.

7.3 Standard parking brake.

WHEELS § TIRES

8.1 20X7 heavy duty spoke wheels.
8.2 Uniroyal "Super Fleet Carrier' 900X20 10-ply nylon,

front,
8.3 Uniroyal "Fleet Master Super Lug", dual rear.
8.4 All tires shall be tubed, premium quality.
8.5 Spare rim.

8.6 3-piece HD demountable rims, Goodyear JM or approved

equal.

FRAME

9.1 Heavy duty model, high tensile steel preferred.
9.2 Suitable for HD plow § dump service.

9.3 1nverted "L" or channel reinforceﬁent.

9.4 Fishplates not acceptable.

9.5 Local reinforcements or frame alterations not
acceptable.

FUEL TANK(S)

10.1 50 gallons cap., min., including auxiliary,
10.2 Step type preferred.
10.3 12" road clearance mandatory,

10.4 Must not be mounted above chassis rails, if mounted
on right side.



11. ELECTRICAL SYSTEM

12.

13.

11.1 12 volt, 40 amp cap., min.

11.2 70 amp-hr. HD battery.

11.3 3-way tail lights.

11.4 Directional lights.

11.5 Dual electric wipers. (see Page 1, 3rd paragraph)

11.6 Optional cap. fresh air heater/defroster. (see Page
1, 3rd paragraph.)

11.7 Engine hour meter (electric type).

11.8 Dual horns.

11.9 Cigarette lighter.

ACCESSORIES

12.1 Dual sun visors,.

12.2 Windshield washers.

12.3 6" x 16" W.C. mirrors.

12.4 Holland Model T60A pintle hook on reinforced cross
member.

12.5 Mud flaps.

12.6 Seat belts.

12.7 Engine tachometer, electric type preferred.

BODY

13.1 Latest model.

13.2 GarWood Type GC-2 dump body, or approved equal.

13.3 Four (4) cubic yards struck capacity.

13.4 8 gauge steel throughout including bracing.

13.5 Floor, sides and header "CORTEN" or approved equal.

13.6 Triple flange top rail. |

13.7 6" running boards, catwalk to have 45 degree slopes

to prevent dirt riding.
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14,

13.8

13.9
13.10

13.11

13.12

13,13
13.14
13.15
13.16
13.17

13.18
HOIST

Tailgate horizontal braces shall have 45 degree
slope to prevent direct riding. Tailgate, header
and body sides shall be capped w/inverted angle to
prevent dirt riding.

Side bracing shall be 6" box type, 8 gauge steel.

Hardware shall be extra heavy duty w/1-1/4" top §
lower tailgate hinge pins. Tailgate top hinge shall
be cast or fabricated from 1-1/4" steel plate, flame-
cut. Tailgate lower hooks shall be not less than
5/8" in thickness.

8-full width 4" cross members, min., channel or
approved equal.

Longitudinal members shall be 6" channel or approved
equal.

Full width rear apron under tailgate,.

3/8" welded link tailgate spreader chains, min.
Lever-type, self-locking tailgate trip, LH side.
12" overhang.

Body hinge pins shall be designed for positive
manual lubrication, lube fittings located on outer
end of the pins preferred.

Tailgate, header and sides to be of uniform height.

§ SUB FRAME

14.1
14.2
14.3
14.4
14.5
14.6
14.7

GarWood Model A-50 or approved equal.
Class 40, 12 ton capacity, min.

Dual stop chains w/retainer springs.
Double-acting hydraulic cylinder(s).
Full heavy-duty design throughout.
5/8" HT hold-down bolts.,

3/4" HT hinge bolts,



15. HYDRAULICS

16.

17.

18.

19,

20.

P.T.0., pump & reservior to be supplied and installed
by State of Maine, including hoses, relief valve and

controls.

INSTALLATION

16.1 Body § hoist installation shall be of firt class
workmanship throughout.

16.2 Hoist frame shall be secured to the chassis via

three (3) L-shaped brackets on each siderail, formed
from heavy angle iron and fastened via a minimum of
four (4) heat treated bolts 5/8" in diameter at each
of the six (6) mounting pads.

RUST -PROOFING

(See attached specs)

TOOLS W/EACH UNIT

18.1 Front and rear wheel bearing adjustment wrenches.

18.2 Tire change (wheel/rim) wrenches.

PAINT

19.1 Cab and chassis shall be painted highway orange
enamel.

19.2 Body and hoist shall be painted highway orange enamel.

19.3 Fenders and running boards shall be painted black
enamel.

19.4 Engine hood shall be w/non-reflective flat black
paint.

MANUALS

20.1 9 - Operator's Manual, chassis.

20.2 7 - Repair Manual, chassis.

20.3 7 - Parts Book, chassis.
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21,

20.4

2 - Parts Retail Price List, chassis.

20.5 3 - Parts Book, body § hoist.

GENERAL

21.1 All manuals should be delivered prior to acceptance
of the final chassis.

21.2 Chassis to be completely serviced, tuned up, wheels
balanced (front) and steering geometry adjusted prior
to delivery.

21,3 Vehicle offered must comply w/applicable Federal and

State of Maine regulations.
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APPENDIX D: PREVENTIVE MAINTENANCE SCHEDULE

The following preventive maintenance schedule was applicable
to all 4X2 patrol trucks, 2,4000 1b. GVW, both gasoline and diesel,
used in this study.

Regular grade gasoline was used. The Maine Department of
Transportation accepts whatever the bulk supplier has, both leaded
and unleaded gasolines. The diesel fuel specification calls for a
50/50 blend of #1 and #2 fuel oils (Gulf 250 diesel fuel).

The engine oils used for both diesel and gasoline vehicles,
winter and summer, was SAE 30 (SAE 10W30 if vehicle was in cold

storage).




INSPECTION, LUBRICATION § MAINTENANCE SCHEDULE

Equipment: Ford Type: 4X2 Patrol Truck Model: F-600

KEEP YOUR EQUIPMLENT CLEAN

INTERVAL ITEM SERVICES TO BE PERFORMED BY DRIVER: LUBRICANT

1 Check engine o0il level SAL 30
(10W30 if in
cold storage)

2 Check radiator coolant level
3 Check accessories drive belts
4 Check radiator hoses § connections

for visual leaks

5 Check fluid level in windshield
washer reservoir

6 Check gear boxes § differential HD 90
for visual leaks

7 Check tires for visual cuts,
bruises, rocks § flats

8 Check wheels for broken studs or
loose nuts

DAILY 9 Check springs for loose or broken
leaves

10 Check rear wheel splash shields

11 Check plow apparatus for loose bolts,
damage, etc.

12 Check cutting edges for wear,
loose bolts, etc.

13 Check plow § wing rams for visual
leaks

14 Check plow, hoist § spreader
controls

15 Check defroster § heater
16 Check windshield wipers

17 Check § clean all lights § reflectors

D-2



INTERVAL ITEM SERVICES TO BE PERFORMED BY DRIVER LUBRICANT
18 Check § adjust rear view mirrors
19 Clean windshield § door glass
20 Clean cab interior § exterior
21 Check tire § tow chains (winter only)
22 Check fire extinguisher § flare kit
23 Start engine and check all instruments
& gauges
DAILY 24 Refuel at end of each day's work
25 File DRIVER'S DAILY VEHICLE CONDITION
REPORT
26 Report all defects of malfunctions
to your foreman and/or MTS mechanic
27 Lubricate all plow sheaves &
spreader bearings daily when used
SERVICES TO BE PERFORMED BY DRIVER
Perform daily schedule
28 Service air cleaner as required
29 Check air inlet system for leaks
EACH 30 Check exhaust system for leaks or
damage
50 31 Check lubricant level in transmission HD-90
ENGINE 32 Check lubricant level in differential HD-90
HOURS 33 Check lubricant level in two-speed
shift housing
34 Check lubricant level in steering
gear housing
35 Check o0il level in hydraulic system
36 Check oil level in power steering
system
37 Check water level in all battery

cells




38 Lubricate driveshaft U-joints § Chuassis Lube
slip splines

39 Lubricate PTO U-joints Chassis Lube
40 Lubricate PTO control cables ' Chassis Lube
41 Lubricate body § hoist.fittings Chassis Lube
42 Lubricate the following: Chassis Grease
(a) Springs (d) UJ on drive
(b) Kingpins shaft
(c) Steering linkage (e) UJ on PTO
EACH shaft
(f) Pins & hinges
50 on body
(g) Plow sheaves
ENGINE § linkages
HOURS 43 Lubricate throttle linkage Engine 0il
EACH 44 Lubricate door latches, hinges § Lubriplate

striker plates

45 Check tires for tread wear §
matching

46 Check tire pressure w/gauge
(65 1bs. front, 75 1lbs. rear)

47 Secure all valve caps

48 Tighten all wheel lugs

SERVICES TO BE PERFORMED BY MOTOR TRANSPORT SERVICE

Perform 50-hour schedule

49 Check engine oil SAE 30 (10w30 i
in cold storage,
50 Change engine oil filter

51 Clean crankcase breathers

EACH 52 Check for steering defects
200 53 Lubricate alternator bearings SAE 30
ENGINE 54 Check brake system § adjust as
required
HOURS 55 Check fluid level in clutch master Brake Fluid

cylinder (if used)
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56 Check § adjust clutch
57 Check battery cables § terminals
58 Check and adjust all belts as
required
59 Lubricate clutch throwout bearing H.T. Grease
(if required)
60 Lubricate parking brake pins and SAE 30
linkage
61 Check hoist and body anchor bolts
INTERVAL ITEM SERVICES TO BE PERFORMED BY.MOTOR LUBRICANT
TRANSPORT SERVICE ~_
62 Check driveline joints for wear
63 Change fuel strainer (iflused)
64 Clean breather on vacuum booster
65 Inspect § replace cooling system
hoses as required g
66 Replace PCV valve
67 Tune up engine to mfg's.
recommendations
68 Check § adjust electrical system
output ’
69 Check § adjust hydraulic system
pressure :
EACH 70 - Change transmission o0il HD-90
600 71 Change differential oil HD-90
ENGINE 72 Change power steering filter
HOURS 73 Lubricate specdometer adapter Chassis Grease
& cables § Graphite
74 Check front wheel alignment
75 Check steering gear adjustment
76 Rotate § match tires
77 Check king pin assemblies for wear
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78 Check tie-rod ends for wear
EACH 79 Change o0il in hoist/plow hydraulic SALE-10
system
600 80 Check hoist § body anchor bolts
ENGINE 81 Tighten spring U-bolts
HOURS 82 Check engine § transmission mounts
83 Check cab mounts
84 Check radiator mounts
85 Check upholstery § floor mat
INTERVAL ITEM SERVICES TO BE PERFORMED BY MOTOR LUBRICANT
TRANSPORT SERVICE
86 Steam clean chassis § body as
required
87 Remove, clean § inspect air inlet
system
88 Inspect brake drums, cylinders §
linings for wear or damage
EACH 89 Clean, inspect § repack wheel W.B. Grease
bearings
1200 90 Change hoist/plow hydraulic system
filter
ENGINE 91 Remove, clean, inspect § lubricate SAE 30 (10W30 i
starter in cold storage
HOURS 92 Remove, clean, inspect § lubricate
alternator
93 Inspect fuel system for leaks or
damage
94 Torque cylinder head to mfg's.
specifications
95 Check valve lash § adjust as required
96 Inspect frame and cross members for
cracks, loose bolts, etc.
97 Inspect suspension system § shock

absorbers

-6



INTERVAL ITEM

98
EACH
1200
ENGINE 99
HOURS )

SERVICES TO BE PERFORMED BY MOTOR
TRANSPORT SERVICE

Inspect cab § fender sheet metal for
damage

Road test vehicle before release to
using agency

500 - Revised 6-6-74
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APPENDIX E: COST OF DIESEL TRUCK OPERATION

INTRODUCTION

The Maine Department of Transportation carried out a fuel eco-
nomy comparison study of diesel and gasoline patrol trucks. It is
not possible to draw strict conclusions concerning the economic
advantages of dieselizing a truck fleet from the results for a
variety of reasons including:

a. The effects of inflation on truck costs.

b. The extraordinary and sharp increase in fuel costs over
the study period.

c. The trucks studied are still in service, i.e., they have

not been worn out and retired.

However, operating costs of such trucks, as brought out by the
Study, are of prime importance in any considerations of dieselizing
a truck fleet. This memorandum derives operating costs for both
diesel and gasoline trucks and gives the assumptions used.

Truck Life Expectancy and Use

The trucks in the Study had not yet been worn out. Maine
DOT has, however, worn out many gasoline powered patrol trucks
which are nearly identical to the trucks studied. The failure mode
is usually general disintegration of the truck body. Diesel powered
trucks, which, except for engine, are identical to gasoline powered
trucks, should, therefore, have the same lifetime as gasoline
powered trucks. Maine DOT gets 8,000 to 9,000 hours of service
from a patrol truck before it is retired.

The data indicated that over the limited time of the Study,
annual truck operating hours fell off as time progressed. Maine
DOT says that this is not a result of truck aging but rather a
general decline in truck usuage due to other factors. For example,
winter duty for these trucks is primarily snow plowing and is thus
weather dependent. Summer duty is variable and may be subject to
management decisions such as reducing monthly mileage totals. A



truck is normally used about 1200 hours per year. This, considered
with the total hours of service above, gives a 7 year life expec-
tancy.

Fuel Prices

Fuel prices doubled over the period of this Study. The last
full year reported was 1975. The average fuel prices reported for
1975 was $0.41 per gallon for diesel fuel and $0.55 per gallon for
gasoline. Fuel prices have been fairly stable since then so these
prices will be assumed for the purposes of the cost analysis.

New Truck Prices

Inflation has significantly affected truck prices since the
1972 prices quoted in the Study. Since 1975 fuel prices are being
used, it is reasonable to establish 1975 as the base year and esti-
mate equivalent truck prices for that year. A truck manufacturer
estimated that 25,000 1b. GVW dump truck prices increased 40%
between 1972 and 1975. The adjusted truck prices are then $9,500
for the gasoline powered truck and $12,000 for the diesel powered
truck.

Maintenance Costs

Diesel engines require only about half as much maintenance as
gasoline engines. The bulk of the maintenance required by the
trucks in the Study, however, was not associated with the engine.
For example in FY 1975 there were 10 hours or roughly $50 more
labor on the average gasoline engine than on a diesel engine,
while total truck maintenance was about $700. Maintenance costs,
moreover, are shown by the Study to be so sensitive to the truck's
age that it is impossible to develop reliable maintenance cost
data comparing diesel to gasoline powered trucks. For the pur-
poses of this cost analysis, it is assumed that maintenance costs
for both truck types is the same. It can be seen from the follow-
ing table that the maintenance costs increase with truck age. The
table is in 1975 dollars and the entries are estimates based on
Study data.



YEAR LABOR PARTS TOTAL

1 $5009 $334 $843
2 501 507 1008
3 732 752 1484
4 870 1348 2218
5 900 1350 2250
6 900 1350 2250
7 900 1350 2250

The discounted present value of life cycle costs of the truck can
be calculated by the formula:

PV = New Price + 7

nel (1200 X_fuel cost/hr) + maintenance cost for year n)

(1.1)1
The present values can be calculated using the assumptions and
table above and the data found in the Study. The diesel and
gasoline hourly fuel costs were $1.07 and $1.73 respectively. The
fuel costs include oil and grease.

PV Diesel = §$26,303
PV Gasoline = $27,667

The diesel patrol truck can save $1,346 in present value life
cycle costs assuming a seven year lifetime. This value which is
very sensitive to the assumptions above, is only 5.2% of the value
of the gasoline truck. However, this value is believed to be on
the conservative side for several reasons. A primary one is that
this analysis assumed that maintenance costs for gasoline trucks
were generally equal, while experience seems to indicate diesel
maintenance to be less. This analysis also does not include an
estimate of the scrappage value of the trucks since none of the
truck studied have yet been scrapped. The diesel powered trucks
are expected to have a higher relative scrap value. It is thus
probable that the Maine DOT or similar truck fleet operators would
save money by converting its 24,000 1b. class gasoline patrol
trucks to diesels.
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APPENDIX F: REPORT OF INVENTIONS

This report provides a comparative economic analysis of the

operating and maintenance costs in diesel and gasoline trucks.

A diligent review of work performed under this contract has

revealed no innovations, discoveries or improvements of inventions.
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