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HILL-CLIMBING ABILITY OF MOTOR TRUCKS 
BY THE DIVISION OF HIGHWAY TRANSPORT, PUBLIC ROADS ADMINISTRATION 

LIMINATION of the 
traffic congestion that 

results from slow-moving 
vehicles on hills is a diffi- 
cult problem. There are 
two possible solutions: 

1. Facilities can be pro- 
vided to enable other vehi- 
cles to pass the slow-mov- 
ing vehicles. 

2. The speed of the slow- 
moving vehicles can be 
increased. 

Passing facilities can be 
provided by the construc- 
tion of added lanes on hills 
and the building of high- 
ways with longer sight dis- 
tances, but these solutions 
are localized in character. 
Atmore comprehensive so- 
lution and the one that is 
considered here is that of 
increasing speeds by re- 
ducing grades, increasing 
power, or reducing gross 
vehicle weight, or by a com- 
bination of these means. 
The purpose of the re- 
search reported herein is to 
determine if there is a rea- 
sonable minimum speed 
that will eliminate the con- 
gestion and, if so, how the 
three methods (grade re- 
duction, weight reduction, 
and power increase) should 
be appled to make this 
speed a reality. 

In order to supply the 
information that is needed 
to fulfill this purpose, in 
the spring of 1938 the 
Public Roads Administra- 
tion in cooperation with 
the Automobile Manufac- 
turers’ Association, the 

Reported by CARL C. SAAL, Associate Highway Engineer-Economist 

The problem of eliminating the traffic congestion that 
results from slow-moving vehicles on grades has been 
investigated in an exhaustive study of motor truck 
performance. The study was divided into three dis- 
tinct but closely related parts: A study of the perform- 
ance of new motor trucks in the best of condition; a 
study of the performance of used motor trucks in 
various stages of wear and having traveled various 
mileages; and a study of the hill-climbing ability and 
the driver behavior of a large number of motor trucks 
and passenger cars as they operate in every day traffic. 

Actual grade tests, the most important part of the 
new truck study, were made on 30 new truck chassis. 
The results of these tests showed that for motor trucks 
even to approach reasonable speeds on grades: Grades 
must be reduced to 3 percent or less; or engine power 
must be more than doubled; or gross vehicle weights 
must be reduced excessively; or some combination of 
the three must be used that will still be costly to all 
interests involved and impossible of immediate 
application. 

Deceleration tests were made on each new truck to 
determine the coefficients of tractive resistance. The 
most significant finding was that not only the total 
tractive resistance but also the unit resistance in 
pounds per 1,000 pounds varied appreciably with 
weight. The efficiency of the transmission of power 
was also determined for each new vehicle from the 
results of the actual grade tests. The evaluation of 
these two factors makes it possible to compute the 
performance of a motor truck from its specified char- 
acteristics with a fair degree of accuracy. 

The results of the actual grade tests were also used to 
appraise cheaper and shorter methods for determining 
the grade ability of motor trucks. The acceleration 
method proved to be the most satisfactory and was 
adopted for use on the used truck study. 

Tests on 17 used trucks of the same make and model 
as the new trucks tested showed that not over a 10 per- 
cent decrease in performance should be expected from 
wear and mileage. The results also proved definitely 
that trucks can be maintained so that their performance 
does not decrease with reasonable use. 

The study of motor trucks in actual service under 
ordinary driving produced results that showed a 30 
percent variation between the possible performance 
and the actual performance of vehicles of the same 
weight and capacity. Since not over 10 percent of this 
variation should be due to lack of maintenance, there 
remains a 20 percent variation that must be charged to 
improper operation of the vehicle. The shifting of 
gears at improper speeds was the principal reason for 
the variation in performance. 

to obtain accurate infor- 
mation on which to con- 
sider the feasibility of 
imposing performance re- 
quirements and the facts 
needed to determine what 
methods can best be used 
to enable motor trucks to 
maintain reasonablespeeds 
on grades. 

It was also proposed to 
determine, if possible, a 
means for computing with 
some degree of accuracy 
the performance of a motor 
truck from its specified 
characteristics. In order 
to do this it was necessary 
to evaluate two important 
factors—the coefficient of 
tractive resistance and the 
mechanical efficiency of 
the transmission of power. 

Another purpose of this 
study was to develop a 
method that could be used 
in the used-truck study to 
determine the performance 
accurately in less time and 
with less expense. After 
experimenting with several 
methods, one that makes 
use of values of accelera- 
tion was determined to be 
the most suitable. 

The field tests were con- 
ducted in the vicinity of 
Baltimore, Md., with the 
Holabird Quartermaster 
Corps Depot as the base 
of operations. The facil- 
ities of the depot were 
made available for the 
tests, including personnel, 
equipment, a gasoline sup- 
ply, use of the machine 
shop and dynamometer 

Maryland Motor Truck Association, the National Bureau 
of Standards, and the Quartermaster Corps of the Army, 
inaugurated an exhaustive study of motor-truck per- 
formance. The study was divided into three distinct 
but closely related parts. <A study of the performance 
of new motor trucks; a study of the performance of 
used motor trucks in various stages of wear and having 
traveled various mileages; and a study of the hill- 
climbing ability and the driver behavior of a large 
number of motor trucks and passenger cars as they 
operate in every day traffic. The results reveal some 
decidedly interesting and significant facts. 

The primary purpose of the new truck study was to 
determine the maximum grade performance that can 
be expected from various motor trucks. It was desired 
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laboratory, and storage space. The Johns Hopkins 
University furnished office space for the analysis work, 
which kept pace with the field work. 

LIGHT, MEDIUM AND HEAVY TRUCKS TESTED 

The new trucks and tractor trucks involved in the 
tests were supplied by the manufacturers. The chassis 
tested were divided into three size groups—light, 
medium, and heavy. The light group included vehicles 
rated as 1% tons; the medium group included vehicles 
2 tons to less than 5 tons; and the heavy group included 
vehicles 5 tons and over. The models selected for each 
capacity group were those widely used currently and as 
nearly alike in piston displacement as possible, so that 
they would represent the vehicles now in common use 
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and also be comparable as to power output. The 
light, medium, and heavy chassis were generally 
equipped with engines of approximately 230-, 300-, and 
400-cubic inch piston displacement, respectively. The 
vehicles tested are described in table 1. 

The manufacturers furnished expert drivers and 
mechanics to operate the vehicles and keep them 
in the best of condition throughout the tests. Every 
possible care was exercised to insure that the maximum 
perforr-ance was obtained. In addition, each manu- 
facturei was represented during the tests by an engineer 
who inspected the operations and results to make certain 
that the maximum performance was being measured. 
The motors of the new chassis were thoroughly run in 
before the start of the tests. 
FA semitrailer equipped with a platform body with 
1%-foot side boards and a platform truck body with 
2-foot side boards were used for all the tests on the 
tractor trucks and single-unit trucks, respectively. 
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Although the frontal area of the bodies used was not 
as great as that of the van type bodies in common use 
on the highway, any variance in performance that might 
result from the use of these bodies would not be sig- 
nificant for the speeds involved, especially since the 
tests were not made if there was a strong head or tail 
wind. 

All of the trucks and tractor trucks were tested with 
gasoline from pumps operated by the Holabird Quarter- 
master Corps Depot. The National Bureau of Stand- 
ards made tests on a sample of gasoline from each tank 
car that was emptied into the storage tanks from which 
the gasoline was pumped, in order to determine if the 
quality of the gasoline remained constant for the 
duration of the tests. A quart sample was obtained 
each time a vehicle was serviced with gasoline. A 
composite sample for a given tank car was then formed 
by blending the several quart samples at a temperature 
below 0° centigrade. 

TaBL_E 1.—Description of trucks and tractor-trucks tested in new truck study 

LIGHT TRUCKS! 

Engine Gear ratios © 

Make Model Year | piston Maxi. | Maximum Transmission Tire size 
: horsepower | Rear = ee DS displace-| mum 1 7 
ment torque at r. p. m. axle 

given 1 2 3 4 5 

Cu. in. | Lb-ft. 
Go, Co RE ee Ae ee WEBI oe eee 1938 230 172 86-3500 { ioe \ 7.23/(eg asian 7i.| 1.00) \seeeeee 7. 5020 
Teer sblon fle eee ee eee 3022. see eee 1938 232 170 81-3200 6.17 6. 40 3. 09 1, 69 100t Seen 7.5020 
Whites: ste kale eer eeeenes 700; ae ee ee 1938 250 175|  76-2800| 5.83| 6.40] 3.09| 1.69| 1.00 |........ 7. 50%20 
Dodoo. iJ. .eee Sens ee ores EST tote ee 1939 228 158 | 80-3200] 6.33] 6.40] 3.09| 1.69| 1.00 |........ 7,00%20 
Chevrolet... 2 eens ae ae eee NED Sd ate 1939 216 170 | 78-3200] 6.17| 7.23} 3.48| 1.71| 1.00 ]........ 3256 
Diamond) ewer ales ae 404 0 oi Pelee 1939 245 170| 77-3200] 6.33| 6.34] 3.28| 1.65| _ 1.00 |........ 326 

LIGHT TRAOTOR TRUCKS! , 

Gil OL oa See ore eae T46A 02> eee ee Ve 1068 230 172 | 86-3500 {7% i: \ 7.23} 43.4806 1.71 | 00 eres 7-50.20 
Internationals = se. ee ee eee 130 eee eee 1938 232 170 81-3200 6. 66 6. 40 3.09 1.69 1200)|sc eres 7.5020 
Whiteititow ts Wandin ea ae nieces 700s. ee 1938 250 175 |  76-2800| 6.80) 6.15] 3.58| 1.86] 1.00| 0.771  7,50%20 
(Ene Ce RC OE DDE tose ea Nid ss V30.. crest nel. 7m 1939 228 158 |. 80-3200| 6.33| 6.40| 3.09| 1.69] 1.00 |_....... 7.00520 
Ghovrdlet a oy te ee cot ea ore VBicis Seem Se 1939 216 170 |  78-8200| 6.17| 7.23| °3.48| 1.71] 1.00 |........ 326 
Roderal ak hin Se ee ee The. oo tes roar 1939 228 155.) 72-3000 | ' 6,67 | 6.40.1. ©8.00)) 169]  LOOjc me 7. 5020 
ppd. soe ae ee ee ORT nie ae 1940 239 170| 95-3600| 6.67| 6.40] 3.09| 1.69| 1.00 |.....2.- 8. 75X18 

MEDIUM TRUCKS! 

GMPC & ahd a oe i Wnt: eee ey 1938 286 220| 99-2800! 6.43/ 7.58| 4.38] 240] 1.48] 1.00 | 10,5020 
Mathes ee a ee BH oie 1938 310 210 | 90-3000 8.59] 6.10| 3.48| 2.04] 1.00! .768|  9.00%20 
Tnferuntional: 2 eae Eee D501. oppede nm recs 1938 298 218 |  94-2800| 7.16} 6.52| 3.72] 1.92] 1,00] [823] 9.00520 
sip TPR aeeY Hear < ae Ware eee 110. tee ee 1938 318 245| 110-3000! 7.14] 6.06| 3.50] 1.80] 1.00] [799] 9.0020 

MEDIUM TRACTOR TRUCKS! 

Glinhk CO. eee te 1938 286 220 | 99-2800! 6.43] 7.58| 4.38] 2.40] 1.48] 1.00 | 10.5020 
Mack ieee 1938 310 210 | 90-3000! 8.59] 6.10| 3.48] 2.04] 1.00] .768|  9.00%20 
International 1938 298 218 | 94-2800 7.16| 6.52| 3.72] 1.92] 1.00| .823|]  9.00%20 
Whites weet ry eaeweccaees Reve es 1938 318 245 | 110-3000) 7.14 | 6.06 | 3.50} 1.80] 1:00] :799| 9.0020 
Dinnwond oes eee apres 1939 320 223 | 81-2500 {78-73 |k 7.58} 438] 240] 1.48} 1.00 9.0020 
Wederdloss 6. Mbli tuk tek E21 by on | 99- ARs ee eed 1939 320 244| 95-2800] 7.40; 7.58] 4.38] 240] 1.48] 1.00 9.7520 

HEAVY TRACTOR TRUCKS! 

Che BONS NR REO eee Griese TRIE, eae 1938 400 304 | 120-2500 eres 6.63} 3.20} 1.70| 1.00} .74 | 10,5020 
Matic: 0 hk eaege ile oe eM BM... eee. 1938 415 271| 108-2400|° 8.64] 6.90| 3.91] 1.80] 1.00] .794] 10.5020 
International. Uae gees) Vek DR70 cc oe ee 1938 401 308 | 114-2600| 9.03| 6.98| 3.57] 1.89] 1.00! [8251 11.255<¢20 
White wtte cis eas ce aett 760. sac ere 1938 362 280 | 116-3000| 7.14] 7.00} 3.97) 1.80] 1.00! :788| -10.50%20 

MEDIUM AND HEAVY TRACTOR TRUCKS3 

GMC Wee «tee. ale pte!’ Cy Meee eed 1939 213 263 | 72-2000 |{ $23 |} oa] 3.52| 1.81] 1.00] .77] 9.7520 
Dodger ty ee ee Mei TED 2... eee 1939 331 226 | 95-2600 Cae 7.58} 4.38| 239| 1.48] 1.00} 9.7520 

Nakane een ee eke ED... cee 1940 519 33 | 18-2000 | «7.54 Hf $35) BSF) Fee] oo) 88 i} 10.50x00 

1 Gasoline engines. 
3 2-speed axles. 

3 Diesel engines. 
4 Auxiliary transmission. 

2 eEeEEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeESEu70yxGeEeEeEeEeEeEeOOeeeeeeeorre 
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Tests were made to determine the A. S. T. M. octane 
number, the Reid vapor pressure, the sulfur content, 
and the distillation range. The results of these tests 
are contained in table 2. The octane number is 71 for 
4 of the samples and 72 for the other 16 samples. The 
results definitely show that the gasoline used during 
the period of study was of uniform quality. 

Each of the new motor trucks was subjected to an 
exhaustive series of tests. The grade ability was de- 
termined by actual road tests made by placing various 
loads on the vehicles and observing the sustained speeds 
maintained on known gradients, and by acceleration 
tests that measured the drawbar force available at 
various road speeds over the entire useful speed range 
of each gear. The tractive resistance, an important 
variable in any consideration of grade ability, was 
determined for each vehicle by deceleration tests that 
measured the force opposing the motion of the vehicle 
when coasting in neutral on a level grade. Dynamom- 
eter tests were made to determine the power output 
of each engine so that the certified power and torque 
curves submitted by the manufacturer could be verified. 

The actual grade tests, the most important part of 
the new truck study, involved the testing of the 10 
single-unit trucks and the 20 tractor-truck semitrailers 
on several uniform grades. At the start of the study 
each truck was tested on grades of 3.2, 4.0, 4.5, 6.0, 
and 7.0 percent. However, after testing several units 
sufficient data were obtained to prove that the per- 
formance for one grade could be accurately converted 
to that for another grade. Thereafter the tests were 
conducted on uniform grades of 4.5 and 6.0 percent. 

SUSTAINED SPEEDS DETERMINED FOR VARIOUS LOADS 

IN EACH GEAR 

Known loads were placed on each truck, and the 
maximum sustained speed that it could maintain on a 
known grade was determined. The maximum gross 
vehicle weight that the truck could pull up the grade 
in a given gear at a constant speed was determined by 
trial, using the performance indicated by an ability 
formula asaguide. Starting with the maximum weight 
that could be hauled in a given gear, the load was 
decreased by 1,000- or 500-pound decrements and the 
maximum sustained speed measured for each gross 
vehicle weight. The weight was decreased until the 

sustained speed increased to a value that corresponded 
to an engine speed that approximated the maximum 
recommended by the manufacturer or, if the motor 
was governed, to the governed engine speed. Vehicles 
equipped with governors were tested both with and 
without the governors in operation. When the tests 
were completed in one gear, they were continued in 
the gear with the next lower gear ratio. The tests 
were continued until the empty weight of the truck or 
combination was reached. 

Several test runs were required to determine the 
sustained speed for each gross weight because the grades 
used were not long enough to slow down a vehicle to 
a crawl speed on the first trial. All of the test runs 
were made with full throttle. The truck was driven 
onto the grade at a speed estimated to be that which 
could be sustained over the entire length of grade. An 
observer in the cab of the truck recorded the speed 
indicated by the truck speedometer at the start and 
the end of the test run, and determined whether a 
sustained speed was maintained. If the vehicle accel- 
erated or decelerated on the first test run, the grade 
was entered on the next run at about the speed indi- 
cated when the truck left the grade on the previdus 
run. When this procedure finally resulted in a speed 
that appeared to be the one that the truck could 
maintain over the entire length of the grade, a check 
run was made to verify it. 

Typical field data for a 6-percent grade are shown in 
table 3. For third gear, after trying weights of 19,000 
and 18,000 pounds, the maximum gross vehicle weight 
that could be carried at a sustained speed was deter- 
mined to be 17,500 pounds. From this point the load 
was decreased by decrements of 1,000 pounds to a gross 
weight of 11,500 pounds, at which point a road speed 
was observed that corresponded to the maximum engine 
speed recommended. For the gross weight of 13,500 
pounds, five test runs (46 to 50 inclusive) were required 
to determine the speed that could be sustained. The 
grade was entered on the first run at 30 miles per hour, 
and the truck decelerated to a speed of about 27 miles 
per hour. On the second run, the truck entered the 
grade at 25 miles per hour and accelerated to a speed 
of 27 miles per hour. These two runs indicated that 
the sustained speed for this particular weight was about 
27 miles per hour. The following three runs estab- 

TABLE 2.—Results of tests made on gasoline used in making motor-truck performance studies 

Type of test 

Legh eo 3 4 5 | 6 7 

| | | 
Apa Vieroctanes.NO.gumees=--- =... P| 73 jpile| Al 71 72 72 
Reid vapor pressure --.-.----- lb/sqg. in--| 8.6) 83) 80 | 80) 7.7) 7. Valse 
UU eee ese tS, . eS percent..| .09| .09 09; .09} .09 09 | .07 
Distillation: 

MTSE TOD seece —. - See eee — 5 SCss 37 37 35 37 37 37 36 
5 percent distilled__..._.___-- 2@2E |" 253 53 53 54 55 55 53 

10 percent distilled_--...-_-_-- Soe 62 62 61 64 64 64 62 
15 percent distilled__-...-_-_-- AOR 7740) 70 70 72 72 73 71 
20 percent distilled_-..-.....-- SOE 78 78 7 80 80 81 80 
30 percent distilled_......____- S@rs 94 94 94 95 95 96 96 
40 percent distilled_.....-_._-- SCS) 107 108 108 109 108 109 110 
50 percent distilled_...__._-__- COSA Ta oO 120 120 121 121 121 123 
60 percent distilled_...._-_-_-- SOrSi 133 130 133 133 133 133 133 
70 percent distilled_...-.-...-- SOS) eel4b 147 146 146 147 145 146 
80 percent distilled__.__..___-- SOR 159 162 162 163 162 162 160 
90 percent distilled_..._._____- SOS WEISE 182 182 181 179 182 178 
95 percent distilled_...____-_-- °C__| 198 | 200} 197} 198 | 195] 197] 193 
finde oinpse 6. eee a. ©Os 41215 212 214 214 204 214 208 
HOCOVELYeetees-.. saeeee percent__| 96.9 | 96.9 | 97.5 | 97.4 | 96.9 | 97.5 | 97.5 
Resid ticteene< . SSyeawene (rove | ea il 1.3 r2 iba iby 1.3 9 
(LUN C Gaede ee <2 Goss P20 eel sSale lsc ieio pels 1.2 1.6 

Barometric pressure mm.of mercury....| 752 | 752 | 760 | 754) 753 748 | 747 

Sample No. 

8 9 10 igi! 12 13 14 15 GY ile als 18 19 | 20 

72 72 eae oo 72 72 72 72 72 72 72 72 72 
8.1 8.9 8.9 8.4 Tat 8.2 8.6 9.0 9.9 9.5 Oa le OLiL 8.5 
. 06 . 06 .07 .09 10 -10 -10 ble ll aL .10 520 -10 

35 35 35 38 37 37 35 39 33 33 32 34 34 
54 50 50 53 52 53 51 51 49 50 48 49 | 50 
63 59 58 60 59 60 58 58 57 58 56 58 | 57 
71 68 67 67 65 67 66 66 66 67 65 66 | 65 
80 77 76 74 71 74 73 73 75 75 74 74 73 
96 94 92 88 84 89 87 87 92 92 91 91 90 

110 109 107 102 97 102 101 100 106 106 106 107 106 
123 122 122 115 109 115 114 112 118 118 119 120 121 
135 134 134 126 121 124 124 124 130 130 130 130 133 
146 146 146 139 134 138 138 135 142 137 140 144 146 
160 161 159 155 150 155 155 152 158 159 158 159 160 
178 178 177 173 170 176 176 173 177 178 179 178 179 
192 193 192 192 Panne 193 193 191 196 196 195 194 194 
204 202 203 203 203 205 203 202 204 205 20 204 203 

97.5 | 97.1 | 97.5 | 97.4 | 97.8 | 97.3 | 97.5 | 97.5 | 96.8 | 96.7 | 96.9 | 97.5 97.7 
i lpg 1.0 ial 1.0 ata! 1 Ta aL. 1.2 9 1.0 1.0 9 1.0 
1.4 1.9 1.4 1.6 1. 1.6 1.4 1.3 2.3 2.3 2.1 1.6 1.3 
747 746 746 746 744 760 760 760 749 757 757 757 757 



36 POIBLITCAR OA DS Vol. 23, No. 3 

lished the sustained speed at approximately 27 miles 
per hour. The same procedure was used for each 
weight. 

The radius of the driving wheels when loaded was 
measured in the field for each test weight as shown in 
table 3. This measurement must be determined in 
order to relate the power output at the engine to that 
available at the driving wheels. It was measured by 
means of an adjustable arm attached to a meter stick. 
A small level was mounted on the arm to insure ac- 
curacy of measurement. 

TaBLE 3.—Sample of field data recorded for a tractor-truck semi- 
trailer on @ 6-percent grade 

Radius of driving 
Speedometer reading wheels when 

: Gross loaded 
aay hit vehicle oa Remarks 

We || Se) ekednt 4 i 
Sus- : Aver- 

Enter | Leave ‘peta Right} Left age 

| 

Pounds |M.p.h.|\M.p.h.|M.p.h.|Inches|Inches|Inches 
PAN epee, Zee 22700 14 16+ 16+ 
DOS 2| 22,750 16+ 16+ 16+] 717. 13) 17.13} 17.13 
26224 = 2| 22,750 16+ 16+ 16+ 

A eh Pr 3} 19, 000 12 a Be en 17. 25) 17.15) 17.20) Had to shift 
gears. 

2852 3} 18, 000 12 it e)|So see Bell am paris nancies Ht Macca Viz. 20| 17.20) 17. 20 Do. 

002 3} 17, 500 12 10— 10— 
Py Net 2 ae 3) 17, 500 9 9+ 9-++]>17. 20) 17. 24) 17. 22 
RPAS 3| 17, 500 8 9 9 

Sobers 3} 16, 500 15 1E Ne Pe eee 
3422 535 3) 16, 500 12 13+ 18+] 45 = = 
Ba tee 31 16, 500 14 13-4 13-4 Te ZO aS) ge 

RG) ase 3} 16, 500 13+ 13+ 13+ 

Si oeenee 3} 15, 500 20 20 20 | | 
Gt hee ee 3} 15, 500) 22 20a) ec see oe m ¥ 
io. 3) 15, 500| 18 (ote ie 41] 17.31) 17.36 

40e eS 3} 15, 500 19 20— 20— 

A) es 3} 14, 500 25 24 24 
(eS = 3} 14, 500 22 AS alee Ae eee | 
43__.«& 3) 14, 500 24 24 24 17.41) 17.35} 17. 38} 
44 yt ae 3} 14, 500 24 24 24 
45_ 3) 14, 500 27— 252 teaee = 

| 

46522 — 3} 18, 500 30 OA fea alte en 
CY fie a 3} 18, 500 25 Qi Pet see 
48° = 3} 13, 500 27+ 27 27 17.52] 17.44} 17. 48} 
[AS fede 3] 13, 500) PA] 27 7 
lS ae 3] 13, 500 27— 27— 27— 

pi ee 3) 12, 500 28 202 pee & 
§2_ * 3} 12, 500 30 DO -1e || set Se \ 
ne eS 3} 12, 500 29+ 29-+- 29-++] 7-17. 52) 17.48] 17. 50 
b45 2422) 3) 12, 500 29-++ 29-++ 29-++ 
op Sees 3} 12, 500 30+ 70 | a 

OG eee ore 3] 11, 500 28 || | 
bY fey ae 3} 11, 500 31 31+ 31-++] 717. 52) 17.52) 17. 52) 
BR ees B)14,B00) ) a2—in | 1Bo= le tgo-al| 

The speed indicated by the truck speedometer was 
used only in the field to determine that: a sustained 
speed had been maintained on the grade. The speed 
was measured more accurately by a time-distance 
recorder which produced a record of time and distance 
that was used to determine approximately instanta- 
neous speeds for each test run. The recording unit 
consisted of a chronograph with three magnetic record- 
ing styles. Two brushes, riding on a two-point cam 
mounted on the axle of a bicycle wheel that was at- 
tached to the truck bumper (see cover illustration), 
were wired in series with one of the styles and caused 
each half revolution of the wheel to be recorded. A 
clock with six contacts on the second hand shaft, wired 
in series with another of the styles, created a time record 
at 10-second intervals. A telegraph key, wired in 
series with a third style, was used to mark the beginning 
and the end of the test course. The recording tape was 
driven by a spring driven motor with a governor, and 

the tape speed was kept constant for the duration of 
each test run. Figure 1 shows the wiring diagram for 
the time-distance recorder. 

Figure 2 shows a section of an actual tape record. 
The approximate instantaneous speed at any point was 
calculated by dividing the distance represented by a 
given number of revolutions by the time required to 
travel that distance. For example, at the 5-second 
point marked on the tape record (fig. 2), two complete 
revolutions of the wheel were used in the computations. 
Since the circumference of the wheel is 6.5 feet, the dis- 
tance traveled in two revolutions is 13 feet. The tape 
speed is 0.85 inch per second, which makes each inch 
on the tape equivalent to 1.177 seconds. Since the two 
revolutions occupied 0.70 inch on the tape, it took the 
vehicle 0.824 second to travel the 13 feet. The speed 
is then 15.8 feet per second or 10.8 miles per hour. 

The circumference of the bicycle wheel used with the 
recorder was determined by measuring the distance 
covered in 10 complete revolutions of the wheel and 
dividing by 10. The measurements were made at the 
beginning of each series of tests and also several times 
during the tests to insure that there was no change in 
the circumference. The distance record obtained with 
the fifth wheel and recorder was never in error more than 
1 foot in 1,000 feet. This accuracy was obtained by 
underinflating the tire so that the wheel did not bounce 
off the road surface. 

Approximately instantaneous speeds were computed 
at short time intervals for each test run. From the 
record of instantaneous speeds it was possible to ascer- 
tain definitely whether the truck was accelerating, de- 
celerating, or traveling at a uniform speed. After the 
runs with sustained speeds had been selected by an in- 
spection of the instantaneous speeds, the uniform speed 
was computed by dividing the distance traveled by the 
total time required for the run. . 

The record of instantaneous speeds for the five runs 
(Nos. 46 to 50, inclusive, in table 3) that were used to 
demonstrate the method used in the field to obtain the 
sustained speed is shown in table 4. Inspection of the 
instantaneous speeds reveals that a constant speed was 
Maintained on runs 49 and 50. Runs 46, 47, and 48 
show that the vehicle was accelerating or decelerating 
for the greater part of the distance.. Actually the. 
sustained speed was 25.7 miles per hour instead of the 
27 miles per hour indicated by the truck’s speedometer. 

TABLE 4.—Record of instantaneous speeds for 5 test runs on a 
6-perceni grade 

Seconds Run 46 | Run 47 | Run 48 | Run 49 | Run 50 

M.p.h.| M.p.h.| M.p.h. | M.p.h. | M. p.h. 
ee ae ea ee eee 29.0 24.7 26. 5 25.9 25.7 
PAE SE EP Wis BTS Sl 5 ak en 28.7 24,7 26.5 25.9 25:7 
ye ane ane Se See ee 28. 0 24.7 26. 5 25.9 20n0 

28.0 25.0 26.8 25.9 VAN 
28.0 25.0 26.5 25.9 25070 
Pale d 25.0 26.5 25.9 25.7 
PY hath 25.0 26. 5 26. 7 25.7 
27.4 25.3 26. 5 25.7 25.7 
27.4 25.3 26. 5 25.7 25.7 
Qtek 25.3 26. 5 25.7 25.7 
Qtek 25.3 26. 2 25.7. 25.7 
27.1 25.7 26. 2 25. 7 25.7 
26.8 25.7 26,2 25.7 25,7 
26.8 253.7 26. 2 25.7 25.7 
26. 5 25.3 26. 2 25.7 25.7 
26. 5 25.3 25.9 25.7 25.7 
26. 5 25.7 25.9 25.7 25. 7 
26.8 25.7 25.6 25.7 25.7 

126.5 25.7 225.9 25.7 25.7 
ee LA | a 425.7 525.7 

1 At 36.03 seconds. 
2 At 37.58 seconds, 
3 At 38.9 seconds. 

4 At 38.35 seconds. 
5 At 38.55 seconds, 
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BATTERIES, 

TELEGRAPH KEY 

CLOCK 

RECORDING MAGNETS 

RECORDING PENS 

_ RECORDING TAPE 

Fiaure 1.—WiriInG DIAGRAM FOR TIME-DISTANCE RECORDER. 

GRADE PERFORMANCE CORRECTED TO STANDARD 

ATMOSPHERIC CONDITIONS 

In order to place the results of the tests on the 30 
single unit trucks and combination units on a compar- 
able basis, the grade performance in every case was 
corrected to standard atmospheric conditions. The 
formula used to compute the correction factor is as 
follows: 

29.92 Ch To 
Via AN, SSS) nce NS Je (1) 

where 

CF=correction factor, 
P.y=observed barometric pressures in inches of 

mercury, 
H—water vapor pressure in inches of mercury, and 
T,=observed absolute air temperature in degrees 

Fahrenheit. 

The information required to compute this factor was 
-obtained in the field, with the exception of the baro- 
metric pressure which was obtained from the Weather 
Bureau in nearby Baltimore. In addition to the dry 
and wet bulb temperatures that were used to obtain 
the water vapor pressure, the wind direction and velo- 
city were also recorded. Tests were not made if the 
head wind exceeded 10 miles per hour or the tail wind 
15 miles per hour. A miniature weather station con- 
sisting of a thermometer, a hand asperated psychrom- 
eter and an anemometer and wind vane, was operated 
in the center of each test section. The observations 
were taken during each test run. 

The correction factor was computed for each test 
run on which a sustained speed was observed and applied 
to the gross vehicle weight, since for any given speed the 
power developed by the test vehicle is directly propor- 
tional to the weight carried. The corrected per- 
formance of a tractor-truck semitrailer operating in 
third gear on a 6-percent grade is shown in table 5. 
In this particular case the correction factors are near 
unity, indicating that the tests were made at approxi- 
mately standard atmospheric conditions. The last 
two columns of table 5 contain the corrected gross 

MANUAL CONTROL FOR BEGINNING AND END OF RUN 2 REV. 

RUN NO.18 } 

REALLLY 

r— RECORD OF WHEEL REV 

PPE 

"20 RE "10 REVOLUTIONS 
5 SECONDS TAPE| SPEED 0.85:INCH PER SECOND 
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vehicle weights and the speeds that the vehicle can 
sustain with those weights. 

The performance of the tractor-truck semitrailer, 
used as an example above, is shown graphically in 
figure 3. The performance curves for each transmis- 
sion gear were obtained by plotting the corrected gross 
vehicle weight in thousands of pounds as the abscissae, 
and the speed in miles per hour as the ordinates. The 
curves show the performance of the vehicle on a 6-per- 
cent grade. Similar curves were plotted for each 
vehicle for grades ranging from 3 to 7 percent, inclusive. 

TaBLE 5.—Actual grade performance corrected to standard tem- 
perature and barometric pressure 

[Make—A. Date—10-31-38. Model—X (without governor). Gear—third. 
Grade—6 percent] 

be ks] Temperature = 2 s = so] 
3 |¢ Z Es Pe Ral oS 8 

P| is leacin eee hf a = iS S = Run|/ws8/4Sp] _ = 3S Oo I > Re; a 
Nyy AS) oy || cael eS] oS |) | se SS S Fs 

Qa] > 5 o =) Cn — ae ~ qd 

@ Mee Notte) Bonen es ae ce 2 Es 3 s 
Sp Ss) eae || = | ra 5 5 3 
=) x Pl uh 2 a 3S Ss S o io) 3 
Sy ales leery ial) a ea) a e) < s) a 

In. In. 
Pet. \° F.\° F.\° F.| mercury|mercury Db, | Lb. |M.p.h. 

OF Se RATS 41) 62/12.0] 38 0. 23 30. 07| 29.84; 1. 003}17, 500)17, 600 9,2 
322—_.| 2235 41) 61/12.0]- 36 At 30.07| 29.86] 1.00117, 500/17, 500 8.7 
35. ...| 2355 42} 62/12.0) 38 avs} 30. 07| 29.84] 1.03)16, 500/16, 500 13, 1 
36.._--| 3:00 42) 62/12.0] 38 23 30.07} 29. 84) 1. 003/16, 500}16, 500 13.1 
Yh om 3:05 42} 61/11.5] 38 =23 30.07) 29. 84} 1. 002/15, 50015, 500 19.6 
40 east Bs 10) 42) 60/11.5) 36 vA! 30. 07| 29. 86) 1.001/15, 500/15, 500 18.9 
AS eee = io 20) 42} 61/11.5] 38 23 30. 07) 29.84} 1. 002/14, 500}14, 500 2002 
1A Seo S20 42) 61)11.5] 38 23 30. 07| 29. 84! 1. 002/14, 500/14, 500 23. 2 
49____| 3:35 43} 59/11.0) 36 21 30. 07} 29.86] 1.000)13, 500}13, 500 25.8 
50 3:40 43} 58}10.5| 36 21 30. 07| 29.86} .999)13, 500}13, 500 25.6 
O22 22) (3500 43) 56/10. 5) 33 19 30. 07} 29.88} .996)12, 500) 12, 500 28. 5 
Do ee ee 400 43) 56/10. 5) 33 19 30. 07| 29.88] . 996/12, 500/12, 500 28.3 
54. 4:05 43) 55/10.0] 33 19 30.07) 29.88} . 995/12, 500/12, 400 28. 2 
Dome | eae 431 56|10. 5) 33 19 30.07) 29.88} . 996/12, 500/12, 500 28.8 
ee 4:20) 43) 55/10.0} 33 19 30. 07) 29.88} . 995/11, 500}11, 400 30.5 
OSes 4s'25 43] 54/10.0) 32 18 30. 97} 29.89} .994)11, 500}11, 400 30. 6 

! 

Since the trucks were tested on only 4}- and 6-percent 
grades, it was necessary to convert the ability observed 
for the 4-percent grade to that for 3-, 4-, and 5-percent 
grades, and the ability for the 6-percent grade to that 
for 5- and 7-percent grades. The ability on a 5-percent 
gerade was derived from the two sources in order to 
furnish a check on the accuracy of the methods used in 
the conversion. 

The conversion is based on the assumption that a 
given vehicle will produce a tractive effort on one grade 
equal to that on another grade when the vehicle is 
operating in identical gears at like speeds. The trac- 
tive effort produced by a vehicle traveling over the grade 
at a uniform speed is equal to the component of the 
weight along the grade line plus the tractive resistance. 

Thus, 
PiGz= G VVC fake Gee a (2) 

where 
TE=tractive effort in pounds, 

GVW-=gross vehicle weight in pounds, 
f=coefficient of tractive resistance in pounds 

per pound, and 
g=grade in feet of rise per foot. 
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FIGURE 3.—PERFORMANCE OF TyPIcAL TRAcTOR-TRUCK SEMI- 
TRAILER ON A 6-PERCENT GRADE, WITHOUT GOVERNOR, AT 
STANDARD ATMOSPHERIC CONDITIONS. 

When the tractive effort on one grade is equaled to 
that for another grade, the following results: 

GVWA(h, +41) =GVW, (fo+go) 

GVW, (f+) f TAN ee ee or GVW, Gena 

From figure 3, 13,500 pounds were hauled by the 
tractor-truck semitrailer on a 6-percent grade at 26 
miles per hour. Assume that it is desired to determine 
what weight this truck can haul on a 5-percent grade 
at the same speed. The coefficient of tractive resistance 
determined by deceleration tests, described later in this 
report, is 0.0135 pounds per pound of weight for the 
speed and weight in question. Therefore, the tractive 
effort developed on the 6-percent grade at 26 miles per 
hour is 13,500 (0.06+0.0135) or 992 pounds and it is 
available at the same speed on any grade. This value 
represents the term GV W,(f,+-g:) in the above equation. 
Since tractive resistance varies with load, there are two 
unknowns (GVW, and f2) in the equation, therefore the 
value for f, cannot be directly determined until the 
approximate weight is known. This means that trial 
computations must be made to determine GVW,. The 
first computation is made assuming f, to be 0.0135 
pounds per pound, the coefficient for GVW,. Using 
the GVW, determined on the trial computation another 
coefficient is obtained and substituted in the formula to 
obtain a second GVW,. When a value for GVW, is 
computed that has a coefficient approximately the same 
as the one used to obtain it, the conversion has been 
completed. | 

For example, the first computation for a 5-percent 
gerade would be: 

992 

(0.05--0.0135)~ £5,600 pounds. 

The coefficient of tractive resistance for 15,600 pounds 
and 26 miles per hour is 0.0129 instead of 0.0135 pounds 
Bsa pound as assumed. A second computation then 
follows: 

GVW.= 

992 
avy 2~ (0.05 -+0.0129) =15,800 pounds. 

4. = — os Jie = 7 ae! 

| 
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Figure 4.—PERFORMANCE OF TyPiIcAL TRACTOR-TRUCK SEMI- 
TRAILER ON A 5-PERCENT GRADE, WITHOUT GOVERNOR, AT 
STANDARD ATMOSPHERIC CONDITIONS. 

As the coefficient of tractive resistance for a load of 
15,800 pounds is 0.0129, the same as that for 15,600 
pounds, the conversion has been completed. The truck, 
then is capable of a speed of 26 miles per hour with a 
weight of 15,800 pounds on a 5-percent grade. Figure 4 
shows the grade ability of this truck on a 5-percent 
gerade. The curve is determined from points obtained 
by converting its performance on 4.5- and 6-percent 
grades to that for a 5-percent grade. The points derived 
from the two sources are in close agreement. 

PERFORMANCE OF TRUCKS AND TRACTOR-TRUCKS SAME FOR 

EQUAL WEIGHTS 

While the actual grade ability of an individual truck 
such as that shown in figures 3 and 4 is needed in order 
to evaluate the mechanical efficiency of the transmission 
of power and to determine the worth of other methods 
for measuring performance, both theoretical and experi- 
mental, it is the average performance of the vehicles in 
each capacity group that is more applicable to the exist- . 
ing problems. 

The average performance for vehicles in the light, 
medium, and heavy capacity groups is shown in figures 
5, 6, and 7, respectively. The results for the single-unit 
trucks and the tractor-truck semitrailers are combined, 
since there jis no appreciable difference in performance 
for identical weights. These charts show the speeds 
that can be maintained with various gross vehicle 
weights on grades up to 7 percent. 

The results shown in figures 5, 6, and 7 are for motor 
trucks operated without governors. Since a governor 
might affect the performance of a vehicle, the vehicles 
that were equipped with governors were tested both 
with and without the governors to determine if there 
was any appreciable difference in the performance of the 
vehicles when operated under the two conditions. The 
tests with the governor were limited to one grade only. 

For a given vehicle the effect of the governor on the 
power output was negligible until the engine speed 
approached to within several hundred revolutions per 
minute of the governed engine speed. However, there 
was no consistency between the governors as to the 
range of engine speed for which there was a decrease in 

a a ee 

ee 
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power output, even for the same make of governor. The 
average performance of the heavy tractor-trucks oper- 
ated with governors is shown in figure 8. A comparison 
between the results shown in figures 7 and 8 indicates 
that the maximum average performance was obtainéd 
without the governor. For example, for common 
weights of 20,000, 30,000, and 40,000 pounds and a 
common orade of 4 percent, the sustained speed is 31, 
21, and 17 miles per hour, respectively, without the 
governor, and 29, 19, and 15 miles per hour, respec- 
tively, with the evovernor. The variation measured in 
speed is not great. However, for a given speed the 
variation in terms of weight may be as much as 5,000 
pounds. 

When using the results of the actual grade tests it is 
important to remember that the performance is an 
average value determined from the maximum perform- 
ances obtained for individual vehicles. In order to 
use the information intelligently it is necessary to know 
how much the individual performances deviate from 
the average performance. ‘Table 6 lists the percentages 
by which the sustained speeds of the individual vehicles 
deviate from the average sustained speed for several 
gross vehicle weights. The average deviation varies 
in most cases between 5 and 10 percent. The disper- 
sion indicated is within the accuracy desired for the 
uses that will be made of the average performance. 

TABLE 6.—Deviation of the performance of individual motor trucks 
from the average performance for each capacity group 

Average deviation, in percentage of the 
speed, for vehicle weights of— 

12,000 | 18,000 | 24,000 | 30,000 | 36,000 
pounds} pounds} pounds} pounds] pounds 

Type of vehicle 

Light trucks and tractor trucks_________- 5.8 7.9 6.6 Sly ee sae es 
Medium trucks and tractor trucks_____-- 2.3 8.1 8.0 9.0 4.9 
eA VetrOClor trUCKS: = emeranee =) S| ee Ty?) 2 fal 14.2 

The most significant fact revealed by the performance 
charts is that the increase in speed that results from a 
reduction of grade is small. The average gross vehicle 
weight rating for light tractor-trucks is about 24,000 
pounds. With this gross weight the average light 
tractor-truck is capable of 23, 17, 15, 14, and 12 miles 
per hour on 3-, 4-, 5-, 6-, and 7-percent crades, respec- 
tively. Reduction from a 7- to a 4-percent grade 
would raise the speed only 5 miles per hour, whereas 

FiGuRE 6.—GRADE ABILITY OF MEDIUM TRUCKS AND TRACTOR- 
TRUCK SEMITRAILERS, WITHOUT GOVERNOR. 
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reduction from a 4- to a 3-percent grade would raise 
the speed 6 miles per hour. It 1s evident that grades 
must be reduced to 3 percent or less if there is to be a 
marked betterment in performance. 

Another very significant fact is that there must be a 
large reduction in gross weight to increase the speed of 
a vehicle appreciably. To raise the speed of the same 
light tractor-truck from 14 to 17 miles per hour on a 
6-percent grade (the increase that would be obtained 
by reducing the grade from 6 to 4 percent) the gross 
weight must be reduced about 7,000 pounds. Since 
all of this reduction would come from the payload which 
originally would be about 12,000 pounds, there is a 
net reduction in load of almost 60 percent. 

An increase in the power of the motor has also been 
mentioned as a means of bettering the speed. In order 
to increase the speed of the vehicle with a 24 ,000-pound 
gross weight from 14 to 17 miles per hour (an increase 
that would require a payload reduction of 60 percent 
or a 2-percent grade reduction) a motor almost as 
powerful as that used in a heavy truck would be 
required. This means about a 45-percent power in- 
crease to obtain an increase of 3 miles per hour in road 
speed on a 6-percent grade. The power would have 
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to be at least doubled to provide what could be con- 
sidered a reasonable speed. 

It appears that it will be impracticable to apply any 
one method to obtain a reasonable speed. However, 
there is the possibility that a combination of the three 
methods can be used. For example, if a 25-percent 
reduction in payload is made, the weight of the hght 
truck originally weighing 24,000 pounds will be reduced 
to 21,000 pounds. With this reduced weight and a 
power increase of 25 percent (an increase that would 
result jf a motor as powerful as that in the medium 
truck were used), the speed on a 6-percent grade would 
be 18 miles per hour. A grade reduction from a 6- to 
a 4-percent grade would further increase the speed to 
23 miles per hour. The combination of the three meth- 
ods would thus increase the speed from 14 to 23 miles 
per hour. It is evident that the use of a combination 
of the three methods would result in a large cost to the 
interests concerned, and even then the speeds would 
not even approximate desirable road speeds. 

DECELERATION TESTS MADE TO DETERMINE TRACTIVE 

RESISTANCE 

The determination of tractive resistance is of second- 
ary importance but it is a very necessary part of the 
study. Deceleration tests were made on each vehicle 
to determine the total tractive resistance, which is com- 
posed principally of the friction between tires and road 
surface, the inherent friction of the vehicle, and the 
resistance offered by the air. The first two forces 
named are commonly grouped as rolling resistance. 
The conversion of performance from one grade to 
another, the use of acceleration values to determine 
grade ability, the determination of efficiency factors, 
and the computation of a theoretical performance, all 
depend on this factor. 

The deceleration of a vehicle when coasting on the 
level in neutral gear is proportional to the forces 
(rolling resistance and air resistance) that oppose the 
motion of the vehicle. The following equation expresses 
the relation: 

where 
TR=total tractive resistance in pounds, 
m=mass of vehicle, and 
a=linear deceleration of vehicle in feet per 

second per second. 

However, the above equation does not take into con- 
sideration a certain energy that is stored in the rotating 
parts when decelerating or accelerating. The energy 
of the rotating parts must be added to the energy of 
linear motion which is expressed by the above equation. 
The force equivalent to this energy is: 

where 
F'=force equivalent to energy of linear motion, 
{=moment of inertia of rotating parts, 
r=effective radius of rotating parts in inches, and 
w=angular acceleration in radians per second 

per second. 

When a vehicle is coasting in neutral, the only rota- 
ting parts decelerating are the wheels, brake drums, 
propeller shaft, and rear axle assembly. The moments 
of inertia of the propeller shaft and rear axle are so 

small in comparison to that for the wheels that itTis 
practical to omit them from the consideration of the 
stored energy. For the wheels and brake drums the 

On, a : 
angular acceleration is equal to where @ is equal to 

the linear deceleration and 7 is equal to the effective 
ee ee 

radius of the wheels. Substituting E for @ and com- 

bining the equations for the energy of the rotating parts 
and of linear motion the formula for determining trac- 
tive resistance is found to be: ’ 

or 
= (m-+ko) a 

where 
TR=total tractive resistance in pounds, 
m=mass of vehicle, 
a=linear deceleration of vehicle in feet per sec- 

ond per second, and 
ky=mass equivalent constant for neutral gear. 

, The mass equivalent constant can be determined ex- 
perimentally if the deceleration is measured for a vehi- 
cle coasting on two different grades, one of which can 
be, and in this study was, level. As the total resistance 
on the grade is equal to the total resistance on the level 
for the same road speed and for the same load, the mass 
equivalent constant can be determined by solving the 
following equation for ko: 

W sin A—a,(m+ky) =a;(m+ky) .-_----- Ges) 
where 

W=weight of vehicle in pounds, 
A=anele in degrees that grade line makes with 

horizontal, 
a,=linear acceleration on grade in feet per second 

per second, 
a,=linear acceleration on level in feet per second 

per second, 

— and 

ky=mass equivalent constant for neutral gear. 

m=mass of vehicle= 

It can also be computed theoretically if the moments 
of inertia of the wheel assemblies are known. In most 
cases they were obtained from the manufacturer and 
used to compute a constant that could be used to check 
the experimental value. The theoretical ko is obtained 
by adding the moments of inertia for the wheels and 
brake drums and dividing the total by the effective 
radius squared. Table 7 contains the average .mass 
equivalent constants, both theoretical and experimen- 
tal, by capacity groups and vehicle types for all the 
vehicles tested. 

TABLE 7.—Average mass equivalent constants for neutral gear by 
capacity groups and vehicle types 

Mass equivalent 
Tire size constants 

Capacity group and vehicle type 5 Pa oul cies 

Truck or| Semi- erent evens 
tractor trailer ce Dee ee value value 

Tightitrockss sees. see eee 7. 50X20 | pl Se fee. pe 15 
Light tractor-truck semitrailers._..______] 7.5020 34X7 28 27 
is RevolitbaaWinay (Cl cla ee A ek Se ee OR 00X20 ae 29 25 
Medium tractor-truck semitrailers.______ 9.0020 | 9.7520 52 40 
Heavy tractor-truck semitrailers__.___.__|10. 5020 | 9. 75X20 56 51 
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Figure 10.—AcCELERATION-SPEED CURVES FOR A TRACTOR- 
Truck SEMITRAILER COASTING ON A O-PERCENT AND A 4.5- 
PERCENT GRADE WitTH A Gross VEHICLE WeriGHtT oF 12,000 
POUNDS. 

The deceleration tests were made on two sections of 
concrete pavement. One was level and the other a 4% 
percent grade. Values of deceleration were obtained 
for speeds ranging from 4 miles per hour to about 40 
miles per hour. The effect of wind and any irregular- 
ities of grade on the tractive resistance was compensated 
for in some measure by test runs in both directions on 
the level section. 

UNIT TRACTIVE RESISTANCE FOUND TO VARY WITH WEIGHT 

At the start of the tests the tractive resistance was 
determined for but one gross weight. However, it was 
soon discovered that not only the total tractive resist- 
ance but also the unit resistance in pounds per thousand 
pounds varied appreciably with weight. Thereafter 
each vehicle was tested with three different loads. The 
difference in total tractive resistance for any two gross 
weights was proved to vary directly with the increase in 
weight, so it was possible to determine the tractive 
resistance for any combination of weight and speed. 

A time-distance record of each deceleration run was 
obtained with the time-distance recorder described 
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under the actual grade tests. The time-distance record 
was divided into 2-second intervals, and approximately 
instantaneous speeds were computed at each time 
interval. Time-speed curves were plotted with the 
time in seconds as the abscissa and the speed in miles 
per hour as the ordinate. Since the slope of the time- 
speed curve at any point is the deceleration in miles per 
hour per second, it is possible to determine the values 
of deceleration at any given speed. Figure 9 shows 
time-speed curves for one of the tractor-truck semi- 
trailers. 

The slope was measured at 2-mile-per-hour intervals 
by drawing tangents to the curve by means of a mirror 
that was specially developed for the purpose. The 
mirror is so silvered that it both reflects and transmits 
light. The mirror is held perpendicular to the plane of 
the curve and the bottom edge is placed over the point 
at which a determination is to be made. By causing 
the image of the part of the curve in front of the mirror 
to coincide with the part of the curve visible through 
the mirror, the vertical face of the mirror becomes a 
plane perpendicular to the tangent. Table 8 contains 
the values of deceleration obtained for one of the tractor- 
truck semitrailers having a gross weight of 12,000 
pounds. The values of deceleration in table 8 are 
plotted against speed in figure 10. The decelerations 
used to compute the tractive resistance were transcribed 
from the smooth curve shown on this figure. 

TABLE 8.—Values of deceleration for a tractor-truck semitrailer 
coasting on a O-percent grade with a gross vehicle weight of 
12,000 pounds 

Deceleration in miles per hour per second for — 

Speed, 
m.p.h. | Run | Run} Run} Run| Run} Run} Run | Run 

No. | No. | No. | No. | No. | No. | No. | No. Average 
27, 28, 29, 30, ois 32, BBE 34, 

north| south] north} south] north} south} north| south 

M.p.h./| Ft./sec./ 
sec. sec. 
0. 143 0. 210 

. 148 PPA S 

. 152 223 

. 162 . 238 

. 169 . 248 

. 184 . 270 

. 200 . 293 
. 224 . 329 
228 . 834 
248 . 364 
277 - 406 
271 . 397 
296 . 434 
327 - 480 
851 615 
858 . 525 
382 - 560 
409 . 600 
450 . 660 
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The total tractive resistance that was computed from 
the deceleration shown in figure 10 for the 0-percent 
grade is contained in table 9. The total resistance is 
divided by the thousands of pounds of gross weight (12) 
to determine the coefficient of tractive resistance in 
pounds per 1,000 pounds. The vehicle for which these 
results were derived was also tested with weights of 
21,000 and 30,000 pounds. The coefficients of tractive 
resistance for each of the three weights are shown in 
figure 11 to indicate how the tractive resistance varies 
with gross weight as well as with speed. 

TABLE 9.—Tractive resistance! for a tractor-truck semitrailer 
with a gross vehicle weight of 12,000 pounds 

Total | ¢1,; Total : 
Speed, Decel- vece Sen é s pee Decel- pBCiye faite 
m.p.h. | eration | resist- : m. p eration | resist- ° 

rates resistance rales resistance 

Ft./sec./ Lb./1,000 Ft./sec./ Lb./1,000 
sec. Pounds 1b. sec. |Pownds lb. 

See eee 0. 212 82.5 GLO ZAsee seen 0.401 156.1 13.0 
Geet . 223 86. 7 (629 |e anes as . 430 167.4 13.9 
ne - 239 93.0 Wot NiwdOsce tee oe . 459 178. 2 14.8 
uliye sees a= . 253 98. 4 S525| | s0seeese eee - 490 190.8 15.9 
|) ee ee 220 105. 4 8. Sul nora - 523 203. 3 16.9 
LAS eens . 290 112.8 OAS Oa ane a eee . 561 218. 2 18.2 
at ee eee, - 310 120.6 TOKO poO see see . 604 234. 8 19.6 
Re epee ese = Se . 330 128. 4 HOUBICANIN esheets . 660 256.8 21.4 

PAD Ae ae ee .352 | 137.0 UB IZ Set ea -728 | 283.0 23. 6 
Py ee ee . 378 147.0 12.2 

1 Tractive resistance, TR=—a(m-+ko) 
M=313 
ko=16 

TR=—389a 

From the total resistance in pounds determined for 
the three weights, tables are prepared that enable the 
tractive resistance to be obtained for any weight and 
speed within the limits of the tests. Since the difference 
in total resistance for any two gross weights was proved 
to vary directly with the increase in weight, it was 
possible to prorate the difference to other weights. 
Table 10 shows the total tractive resistance for various 
loads and speeds and table 11 lists the coefficients that 
were determined from the values of total tractive 
resistance given in table 10. Similar results were 
developed for each of the vehicles tested. 

It was necessary to know the tractive resistance for 
each of the vehicles tested in order that certain analysis 
could be accurately made. However, in order to obtain 
values of unit tractive resistance that are more appli- 
cable for general use, the average tractive resistance has 

been obtained from the results of the individual vehicles 
for the single unit trucks and the tractor-truck semi- 
trailers in each size group (light, medium, and heavy). 

TABLE 11.—Unit tractive resistance for a tractor-truck semitrailer 
at various speeds and weights 

Unit tractive resistance, in pounds per 1,000 pounds, for weights of— 

Speed, a} 9[ 361-3] 6) se fs | S57 3) Senes 
=) S S S S S ogil/egiecg ie 

mph. | 28/38/38 |88/88/88) 38/88/88 | 88/33 
Talal salasalsal| daa) <a] Sal yal| salon 

GR2es secc (a7? ee (Ee) 7.3 7.3 1.3 7.4 7.5 7.6 Mardi 7.8 
bh es es Se Wotl 7.8 7.8 7.8 7.8 7.8 7.9 7.9 8.0 8.0 Soak 
10besees 3 8.2 8.2 8.2 8.2 8.2 8.2 8.3 8.3 8.3 8.4 8.4 
PS Se ep eee 8.8 8.8 Bind 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 
14S oe 9.4 9.3 9. 2 9.2 9.2 9.2 Gon 9.1 9.1 9.0 9.0 
16 3sce222 2 10.0 9.9 9.7 9.6 9.6 9.5 9.5 9.5 9.4 9.4 9.4 
[Seen = 10S | L0s4 P0225) 1050 9.9 9.9 9.8 9.8 | 9.8] 9.8 9.8 
200 ee Aaa PI! 1028) | 10. Ga OsoalOl ea 10S) | TOsSReOS eeto we 10. 1 
22 Sa eees LQDA TSP UIS4A | LER LOL OR MOSS ae LO 7 LON ZaeLO Ome One 10.5 
245 nee LSLON oso E25 a |) DUIS S| SS eA tie Sil) Loe ete eee ee ap ta! 
265 peeee 13:9) PASS3) | 1258) | 1254) | MSS 2 SO ISS ly aie mle rier 11.5 
29 Sec eens 14.8 | 14.1") 13.6 | 1852 | 12099) 1257) W205 | 12.385) dra 250 11.9 
30 ae ees 15:9} 25s 1 1426 | 14.0 | Vesey s76) 13.2) P29 ae eee 12.4 
OD Rae ers T6. 9 1620 1715.6 | 1520) |) F440 6ny 4 bs) 1450) ||) anes sata 13.0 
347 a ee 18.2 | 17.3 | 16.7 | 16.2 |-15.8 | 15.6 | 15.0 | 14.6 | 14.2 | 1358 13.6 
fleas ee 19.6 | 18.7 | 18.0 | 17.5 | 17.1 | 16.9 | 16.1 | 15.5 | 149 | 14.5 14.3 
BoLeeescene QIAN QO 1G). 7) 19 ASSGe STAs Loa LG ye eG Om tao 16.2 
40 23.6 | 22.4 | 21.5 | 20.8 | 20.3 | 20.0 | 18.9 | 17.9 | 17.1 | 16.4 16.1 
4) See poy te Ee ee ees | Pere ae es 21.6. | 20.3.) 19.2 | 18:2 } 1733 17,0 

The average unit tractive resistance in pounds per 
thousand pounds for the light and medium single unit 
trucks and for the light, medium, and heavy tractor- 
truck semitrailers is shown in tables 12 to 16 inclusive. 
These tables contain the coefficient of tractive resist- 
ance for various conditions of weight and speed. For 
the light tractor-truck semitrailers, table 14, the unit 
tractive resistance is shown for speeds ranging from 4 
to 38 miles per hour and for gross weights ranging from 
12,000 to 30,000 pounds. At the lower speeds the 
variation of unit tractive resistance with weight is 
negligible. At 4 miles per hour the coefficient is 7.2 at 
12,000 pounds and 7.8 at 30,000 pounds. However, 
at the higher speeds there is a large variation. At 38 
miles per hour the coefficient is 23.7 for 12,000 pounds 
and only 15.3 for 30,000 pounds, a decrease of 35 per- 
cent. The results have been confined to the range of 
loads and speeds used on the tests, but the values can 
be expanded to determine the approximate resistance 
for speeds and weights not included in these results. 

The average unit tractive resistance for the light 
trucks is compared with that for the ight tractor-truck 
semitrailers in figure 12 for a common weight of 16,000 

TABLE 10.—Total tractive resistance for a tractor-truck semitrailer at various speeds and weights 

‘ 3 ‘ Increase, 12,000 to | Increase, 21,000 to 
Total tractive resistance for weights of 21,000 pounds 30,000 pounds 

Speed m. p. h. 7 j 

12,000 14,000 16,000 18,000 | 20,000 | 21,000 | 23,000 25,000 27,000 | 29,000 | 30,000 Total Per 2,000 Total Per 2,000 
pounds | pounds | pounds | pounds | pounds | pounds | pounds | pounds | pounds | pounds | pounds Out pounds OL pounds 

Cae re Sk pe ene! 86.7 101.4 116.1 130. 8 145.5 153.0 170.8 188.6 206. 4 224, 2 283. 1 66.3 14.7 80. 1 17.8 
9 ee ee ee ee : 93.0 108.7 124.4 140. 1 155.8 163.8 181.2 198.6 216.0 233. 4 242.0 70.8 15. 7 78. 2 17.4 
1) oe eee eS AE oe 98. 4 115.0 131.6 148, 2 164.8 173.0 190.3 207.6 224.6 242.2 251.3 74,6 16.6 78.3 17.4 
1 eevee ee ee Sa 4 ee 105, 4 122. 5 139. 6 156. 7 173.8 182.3 199.5 216.7 233. 9 251. 1 259. 9 76.9 iy pg! 77.6 17.2 
[ae oS ee ee ee eee 112.8 130. 4 148. 0 165. 6 183. 2 192. 2 209. 6 227.0 244.4 261.8 270. 4 79, 4 17.6 78, 2 17.4 
1 Ks oer ee eee oe a eh 120.6 138. 2 155.8 173.4 191.0 199.7 218.0 236.3 254. 6 272.9 282. 2 79, 1 17.6 82.5 18.3 
LS eco Se 2 eee ee ae ee 128. 4 145. 9 163.4 180.9 198.4 207.0 226.1 245. 2 264. 3 283. 4 292.9 78.6 17.5 85.9 19.1 
POA) Se en ee ee 137.0 155. 0 173.0 191.0 209.0 217.9 237.0 256. 1 275.2 294.3 304. 0 80.9 18.0 86.1 19,1 
77 Agee * Deep. $1) Sees SE 147.0 164.8 182. 6 200. 4 218. 2 227.0 246.9 266.8 286. 7 306. 6 316.5 80. 0 17.8 89.5 19.9 
24 eee oie oa Soe eee 156. 1 174.7 193.3 211.9 230.5 239.9 260. 4 280.9 301. 4 321.9 332. 0 83.8 18.6 92. 1 20.5 
26-26 —— 3 167.4 186.0 204. 6 223. 2 241.8 251.0 271.5 292. 0 312, 5 333. 0 343.4 83.6 18.6 92. 4 20.5 
8 Oe oe EE ee 178. 2 197.9 217.6 237.3 257.0 267.1 287. 2 307.3 327.4 347.5 357.5 88.9 19.7 90. 4 20.1 
BORE ree et eee ee = 190.8 211.5 232, 2 252. 9 273. 6 284. 0 303. 5 323. 0 342. 5 362. 0 372.0 93. 2 20.7 88. 0 19.5 
B2 ies a aeece eee ae ee oe 203. 3 225.7 248, 1 270. 5 292.9 304. 0 323. 1 342, 2 361.3 380. 4 390.0 100. 7 22.4 86.0 19.1 
BA sak ced ace a e e 218. 2 242, 4 266. 6 290.8 315.0 327.0 845. 4 363. 8 382, 2 400. 6 409.9 108. 8 24, 2 82.9 18. 4 
36 ..32..0 2a ooo a eee ee 234.8 261.4 288. 0 314.6 341. 2 354.9 sia wu 387.3 403.5 419.7 428.0 120.1 26.7 73.1 16, 2 
OS is ties Seek Oe eee ee 256. 8 285.8 314.8 343.8 372.8 387.1 402, 2 417.3 432. 4 447.5 455.0 130.3 29.0 67.9 15.1 
40 gas Aen ee a Ae eee ie a 283. 6 313.6 344. 2 374. 9 405.4 421.0 434. 6 448. 2 461.8 475.4 482.0 138.0 30,6 61.0 13.6 
A ig i Be ose Bn Pt ee | oe See ee eae | ae a |e | 455.0 467.0 79.0 491.0 503.0 000:0|Seeeenen demu ance 54.0 12.0 
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ALL TRACTOR TRUCKS (17 MODELS) 

UNIT TRACTIVE RESISTANCE - 
POUNDS PER THOUSAND POUNDS 

0 4 8 12 16 20 24 28 32 36 40 4h 48 

ROAD SPEED - MILES PER HOUR 

FiagurE 13.—VARIATION OF Unit TRACTIVE RESISTANCE WITH 
SprEeD FOR ALL TRAcTOR-TRUCK SEMITRAILERS WITH A 
16,000-Pounp Gross WEIGHT. 

gether with the average unit resistance for all the vehi- 
cles of this type. The average tractive resistances 
indicated by the four curves are in close agreement with 
the exception of those shown for the heavy tractor 
trucks. Only four heavy tractor trucks were tested 
and one of these had a very high tractive resistance. 
The average resistance of the other three heavy vehicles 
is in line with that shown for the light and medium 
capacity groups. 

AVERAGE VALUES OF UNIT TRACTIVE RESISTANCE ACCEPTABLE 

FOR ALL PRACTICAL PURPOSES 

The comparisons made in figures 12 and 13 prove 
that there is little variation in the average unit tractive 
resistance for the types and sizes of vehicles considered 
in this study. For this reason it is acceptable for all 
practical purposes to use average values of tractive 
resistance for all the single units and other average 
values for all the combination units. These average 
values of the unit tractive resistance are given in tables 
17 and 18. For the single unit trucks (table 17) the 
resistance is shown for weights ranging from 8,000 to 
24,000 pounds and for speeds ranging from 4 to 38 miles 
per hour. For the tractor-truck semitrailers (table 18) 
it is shown for weights ranging from 12,000 to 42,000 
pounds and for speeds ranging from 6 to 40 miles per 
hour. There is little variation in the unit tractive 
resistance for a given speed and weight between the 
average values obtained for the two types of vehicles 
as is shown in figure 14. 

TABLE 17.—Average unit tractive resistance for all single-wnit 
trucks 

Unit tractive resistance, in pounds per 1,000 pounds, for 
weights of— 

Speed, m. p. h. 
cs os ed us 3 a a Slod 
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ALL TRACTOR TRUCKS 
| 

ae 
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SPEED - MILES PER HOUR 

UNIT TRACTIVE RESISTANCE 
POUNDS PER THOUSAND POUNDS 

Fiaure 14.—VARIATION OF UNIT TRACTIVE RESISTANCE WITH 
Sprep FoR ALL TRUCKS AND TRACTOR-T RUCK SEMITRAILERS 
Wirn a 16,000-Pounp Gross WEIGHT. 

The average deviations of the unit tractive resistance 
for the single-unit trucks and for the tractor-truck sem1i- 
trailers from the average values shown in tables 18 and 
19 are 10.0 and 11.3 percent, respectively. Assuming 
that the average deviation is about 10 percent, which 
appears to be a reasonable value, the error that might 
be introduced in the computation of grade ability with 
the average values for a given vehicle would not be 
great. For example, for a gross weight of 40,000 pounds 
and a speed of 20 miles per hour, the coefficient of 
tractive resistance is 9.8 pounds per 1,000 pounds. 
The average expectant error would be 1 pound per 
1,000 pounds, which is equivalent to a 0.1 percent grade. 
If a 4-percent grade was being considered, the resultant 
error would be only 2 percent. 
An important point to remember when using the 

tractive resistances reported here is that the tests were 
made on trucks equipped with a body 8 feet wide with 
24-inch sideboards, and on tractor-trucks with a semi- 
trailer 8 feet wide with 18-inch sideboards. If a van 
type body had been used instead of the platform body, 
the tractive resistance would undoubtedly have been 
greater than that shown, particularly for the higher 
speeds. Also, since all tests were made on concrete 
surfaces, the application of the results must be limited 
accordingly. 

The development of a method for computing the 
performance of a vehicle from its specified character- 
istics required a determination of efficiency as well as 
tractive resistance. The common practice has been to 
assume an efficiency factor in order to allow for losses 
in the transfer of power from the clutch to the driving 
wheels. However, no efficiency factor has yet received 
general acceptance. The results of the actual grade 
tests, together with the certified power, have been used 
to provide effictency factors for all the vehicles tested. 
The efficiency factors were obtained by applying the 
results of the actual grade tests to a basic performance 
formula derived by equating the force produced at the 
driving wheels to the sum of the grade resistance and 
the tractive resistance. 

The basic performance formula used to compute the 
grade ability of a vehicle is as follows: 

TXGEXE 

CAA ar 210 75 
where 

GV W=gross vehicle weight in pounds, 
T=torque at a given engine speed in pound- 

inches, 
GR=total gear reduction, 
H=efficiency, 
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TABLE 18.—Average unit tractive resistance for all tractor trucks 

Unit tractive resistance, in pounds per 1,000 pounds, for weights of— 

Speed, m. p. h. ‘ee 
12,000 14,000 16,000 18,000 20,000 22,000 24,000 26,000 28,000 30,000 32,000 34,000 36,000 38,000 40,000 42,000 
pounds | pounds | pounds | pounds | pounds } pounds | pounds | pounds | pounds | pounds | pounds | pounds | pounds | pounds | pounds | pounds 

Dee esos Coon ok 7.5 7.5 7.5 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 fey tnd ed aod ted 
hee ete, a ee 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.9 
Rees ore oss o es 8.8 8.7 8.6 8.5 8.5 8.4 8.4 8.4 8.3 8.3 8.3 8.3 8.2 8.2 8.2 8.2 
iD 2S. 22 ee See 9.6 9. 4 9.2 9.1 9.0 8.9 8.8 8.8 8.7 8.7 8.6 8.6 8.5 8.5 8.5 8.5 
LE al eee 10. 4 10.1 9.8 9.6 9.5 9.4 9.3 9.2 9.1 9.0 9.0 8.9 8.9 8.8 8.8 8.8 
DG saa acsa. sss 11.2 10.8 10.5 10, 2 10.0 9.8 9.7 9.6 9.5 9.4 9.3 9.3 9, 2 9.2 9.1 9.1 
1 Ee ane ee eee 12.1 11.6 11.2 10.8 10.6 10. 4 10. 2 10.1 9.9 9.8 9.7 9.6 9.6 9.5 9.4 9.4 
DO teeth stone. 13.0 12.4 Les) 11.5 11.2 10.9 10.7 10.5 10, 4 10.3 10. 1 10.0 9.9 9.9 9.8 9.7 
WNIT A Se Se 14.0 13. 2 12.6 12.2 11.8 11.5 11.3 11.0 10.9 10.7 10.6 10.4 10.3 10. 2 10. 2 10. 1 
Op eS poe 15.4 14.1 13. 4 12.9 12.5 12.1 11.8 11.6 11.4 11.2 11.0 10.9 10.7 10.6 10.5 10, 4 
ZO Mae oe ee to 16.2 15.1 14.3 13.7 13.2 12.8 12.4 12,1 11.9 ilage 11.5 11,3 11.2 Valea 10.9 10.8 
Dee aa Ses 17.4 16. 2 15.2 14.5 13.9 13.5 13.1 12.8 12.5 12. 2 12.0 11.8 11.6 11.5 11.4 11.2 
lated Sk ie Sp ae es 18.7 17.3 16.2 15.4 14.8 14,2 13.8 13.4 13at 12.8 12.5 12.3 12.1 12.0 11.8 LL 7 
BPRS 3-7 ae aes 20. 1 18.5 17.3 16. 4 15.6 15.0 14.5 14.1 13.8 13.4 13.2 12.9 12.7 12.5 12.3 12. 2 
of ee eee 21.7 19.9 18.5 17.5 16. 6 16.0 15. 4 14.8 14.5 14.1 13.8 13.5 13.3 13.1 12.9 12.7 
BO seme sees ek 23, 4 21.4 19.9 18.7 17.8 17.0 16.3 15.8 15.3 14.9 14.6 14.3 14.0 13. 7 13.5 13.3 
BS ae ore 25.5 23. 2 21.5 20. 1 19.0 18. 2 17.4 16.8 16.3 15.8 15.4 15.1 14.8 14,5 14,2 14. 0 
CN) es SS a of ca 27.9 25. 2 23.3 21.8 20.6 19.6 18.7 18.0 17.4 16.9 16. 4 16.0 15.7 15.3 15.1 14.8 

TABLE 19.—The determination of over-all efficiency for a typical 
tractor-truck semitrailer 

[Make—A. Model—X. Transmission gear—2d. Total gear reduction—20.58. 
Grade—4}4 percent] 

Manutfacturer’s Over-all effi- 
: Coeffi- : Bee hh Rolle : engine torque | Giant of ciency 

ert tained | ing oe tractive] f+g 
speed | radius Me resist- Meee 

wenn Net ance ae Net 

Per- | Per- 
Pounds |M. p.h.| Inches |R. p.m.) Lb.-ft. | Lb.-ft. | Lb./lb. | Lb./ib. | cent | cent 

33,800... 12.0 | 16.83 2, 465 154 144 | 0.0087 | 0.0537 80. 4 86. 1 
33,800__-- 12.0 | 16.83 2, 465 154 144 . 0087 . 0537 80.4 86.1 
33,100__-- 12.5 | 16.77 2, 580 151 141 . 0088 . 0538 80. 2 85.8 
33,100___- 12.6 | 16.77 2, 600 151 140 . 0088 0538 80. 2 86. 4 
31,600___- 13.4 | 16.96 2, 730 148 136 - 0089 0539 79.3 86. 2 
1 OU sees 13.4 | 16.96 2, 730 148 136 . 0089 . 0539 79.3 86. 2 
29,600____ 14.9 | 17.03 3, 025 139 125 . 0092 . 0542 79.7 88. 7 
29,600___- 14.7 | 17.03 2, 980 140 127 . 0091 . 0541 79. 2 87.3 
27,500__.. LOZOW ELS 17 3, 220 130 116 . 0094 0544 80. 0 89.7 
27,500... ites Wa eae ey) Bae) 133 119 . 0094 0544 78. 2 87.3 
27,600__.. 15.6 | 17.17 3, 140 134 120 . 0093 . 0543 77.9 86.9 

»400__.. 16.8 | 17.22 3, 340 124 109 . 0096 0546 74.9 85.3 

r=effective radius of driving wheels in inches, 
f=coeflicient of tractive resistance in pounds 

per pound of weight, and 
g=grade in feet of rise per foot. 

The efficiency is then determined by solving equation 8 
for F as follows: 

_GVWf+g)r = “TX GR votre (9) 

where the numerator represents the torque actually 
produced at the driving wheels and the denominator 
the torque that would have been produced at the same 
point if there were no losses during the transmission 
of power. 

EFFICIENCY COMPUTED FOR A SAMPLE TRUCK 

The actual grade tests measured the speed that a 
vehicle could maintain on a given grade with a given 
gross vehicle weight. The coefficient of tractive resist- 
ance was determined by the deceleration tests that have 
been described. The effective radius of the driving 
wheels was measured in the field for each gross vehicle 
weight. The torque and the total gear reduction were 
obtained from specifications supplied by the manufac- 
turer. All information necessary for determination of 
the efficiency was therefore available. 

For example, a certain tractor-truck semitrailer main- 
tained a uniform speed of 25.2 miles per hour in fourth 

gear on a 4.5-percent grade with a weight of 12,500 
pounds. The radius of the driving wheels for this 
weight and the coefficient of tractive resistance for the 
weight and speed involved were determined to be 16.9 
inches and 0.015 pounds per pound of weight, respec- 
tively. The total gear reduction when the vehicle was 
operated in fourth gear was 7.15. 

Charts that show the certified power and torque at 
various engine speeds were used to obtain the torque 
produced by the engine. In order to obtain the torque 
it was first necessary to find the engine speed equivalent 
to the road speed of 25.2 miles per hour. The engine 
speed was computed in the following manner: 

RPM—1EXGRXS 

1687.15 25.2 _ 
in 16.9 7 

where 

RPM -=engine speed in revolutions per minute, 
S=road speed in miles per hour, 

GR=total gear reduction, 
r=eftective radius of driving wheels in inches, 

and 
168=factor to convert units to revolutions per 

minute. 
The torque produced at 1,780 revolutions per minute 

was 165 and 156 pound-feet, the manufacturer’s certified 
maximum and net torque respectively. The efficiency 
factors for the maximum and net torque were then 
determined to be 90.5 percent and 94.4 percent by sub- 
stituting the values given above in the equation for 
efficiency: 

1. For maximum torque, 

__ 12500 (0.015+0.045) 16.9 

oe 165 X12 X7.15 PAE 

2. For net torque, 

7712500 (0.015-+0.045) 16.9 _ 94 4. 
1bO elo 

The maximum torque is produced by an engine that 
is stripped of all accessories except those that are neces- 
sary for its functioning. The net torque is that pro- 
duced by an engine that has all the accessories operat- 
ing, such as fan, generator, exhaust pipe, muffler, and 
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FoRMULA FOR A TRACTOR-T RUCK SEMITRAILER IN THIRD 
GEAR ON A 4.5-PERCENT GRADE. 

trail pipe, that are standard or regular equipment on 
the engine. The engines of the chassis tested in the 
field were removed and tested on a cradle dynamometer 
to determine the net torque and horsepower available 
at various engine speeds at full throttle. The results 
of these tests were compared with the net torque and 
power values certified by the manufacturer and were 
found to be in close agreement with them in all except 
a few cases. In instances where there was a marked 
variation that could not be reasonably explained, the 
efficiency factors were not computed. 

The determination of the maximum and net efficiency 
factor for one gear ratio of a vehicle is given in table 19. 
An average efficiency factor was obtained in this man- 
ner for each gear ratio for each of the vehicles tested. 
The variation of the efficiency factors with the total 
gear reduction for all the vehicles tested, regardless of 
capacity and type, is shown in figure 15 for the maxi- 
mum and net torque. The values of 85 and 90 percent 
that are commonly used appear to be fair average 
values, but for particular speed conditions much more 
accurate values are now available. The curves drawn 
through the scattered points are hyperbolas, the 

equations of which were determined by the method of 
least squares. The hyperbola was found to fit the 
points and the conditions better than either a straight 
line or a parabola. The equations for the curves are: 

1. For maximum torque, 

B=74.36+ 9 

2. For net torque, 

56.15, 

GR 

The variation that occurs about the average efficiency 
is defined by a standard deviation of 3.5 for the maxi- 
mum torque and 3.1 for the net torque. In other 
words, about 68 percent of the values le within 3.5 
percent of the efficiency shown by the curves. 

Figure 16 compares the performance of a tractor- 
truck semitrailer computed by using the basic per- 
formance formula with that actually measured on a 
4.5-percent grade. The net torque certified by the 
manufacturer and the values of efficiency and tractive 
resistance shown on figure 15 and table 18 were used to 
determine the theoretical performance. The actual 
performance is indicated by the plotted points. The 
theoretical performance is shown by the solid line. 
The average variation between the two sets of results 
is about 2.5 percent. This degree of accuracy cannot 
be expected in all cases, but the variation will seldom 
exceed 5 percent. 

H=85.64+ 

GRADE ABILITY OF USED TRUCKS DETERMINED BY 

ACCELERATION METHOD 

A cheaper and shorter method for determining grade 
ability was desired for use in the used-truck study. Of 
the various methods investigated,! the acceleration 
method proved to be the most satisfactory. Its accu- 
racy was checked by using it to determine the grade 
ability for each new truck for the grades on which the 
actual grade tests were made and by comparing the 
results determined by the two methods. 

The drawbar pull or force produced at the driving 
wheels of an accelerating vehicle at a given road speed 
is a function of the acceleration at the given road speed 
and the mass of the vehicle. The following equation 
expresses the relationship: 

where 

P=drawbar pull in pounds, 

a=linear acceleration of vehicle in feet per second 
per second, 

m=mass of vehicle, and 

k,=mass equivalent constant for a given transmis- 
sion gear. 

The mass equivalent constant, which is used to com- 
pensate for the energy stored up by the rotating parts 
when a vehicle is accelerating or decelerating, was dis- 
cussed and defined in the discussion of tractive resist- 
ance. In the case of a vehicle accelerating in a given 
gear the mass equivalent constant can be determined 
experimentally by equating the power output on the 

1 Comparison of Methods for Determining the Hill Climbing Ability of Trucks, 
by C. C. Saal, PUBLIC ROADS, February 1939, p. 233. 

Ee 
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level at a given speed and weight to the power output 
on a known grade at the same speed and weight. The 
following equation results: 

W sin A+a,(m+k,)=a;(m+kz) 

or 

ee SL ae ae (12) 
(y— Ag 

where 

W=weight of vehicle in pounds, 
A=angle in degrees that grade line makes with 

horizontal, 
a,=linear acceleration on grade in feet per second 

per second, 

) 
N| — oT | 

m=mass of vehicle= 
32. 2 

a,=linear acceleration on level in feet per second 
per second, and 

k,=mass equivalent constant for a given trans- 
mission gear. 

The mass equivalent constant can be determined 
theoretically by adding the constant determined for the 
vehicle in neutral gear to that for the crankshaft, fly- 
wheel, and clutch. It is determined by the following 
equation: 

IGR 
‘i kz=hy+ 
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Merpium, AND Hnavy TRActToR-TRUCK SEMITRAILERS. 

where 

k,=mass equivalent constant for a given trans- 
mission gear, 

ky=mass equivalent constant for neutral gear, 

J=moment of inertia of rotating parts, 

GR=total gear reduction, and 

r=effective radius of rotating parts in inches. 

The average experimental and theoretical mass equiva- 
lent constants (k) by capacity groups and vehicle type 
are shown in figures 17 and 18. 

The total force or tractive effort produced at the tire 
surface of the driving wheels at a given speed is equal 
to the drawbar pull plus the tractive resistance of the 
test vehicle. This force can be utilized to pull a certain 
gross vehicle weight up a given grade at the road speed 
for which the force is measured. In order to compute 
erade ability the foree must be equated to the compo- 
nent of the gross vehicle weight parallel to the gradient 
and the tractive resistance of the vehicle on the grade. 
The following equation expresses this relation: 

JE -{- GVW, = GV W.g+ GVW ‘ofe 

or 

GVW2=7— 7 

where 

GV W.=gross vehicle weight in pounds that can be 
carried on a given grade, 

TE=tractive effort=P+GVW,)f, 
P=a (m+k,)=the drawbar pull in pounds, 

GVW,=gross weight of test vehicle in pounds, 
fi:=coefficient of tractive resistance in pounds 



48 

per pound for the speed and weight for 
which the drawbar pull was measured, 

fo=coefficient of tractive resistance in pounds 
per pound for the weight that can be 
carried on the grade, and 

g=grade in feet of rise per foot. 

There are two unknowns in the above equation, the 
gross vehicle weight that can be hauled up a given 
crade at a sustained speed and the coefficient of tractive 
resistance for that weight. In other words, before the 
coefficient (f2) can be determined accurately, the gross 
vehicle weight (@VW,) must be known. Since this is 
impossible, a trial computation is made assuming (f2) 
to be equal to (f;). Using the trial weight, a new 
coefficient is obtained with which a second computation 
of weight is made. The weight computed on the second 
trial seldom varies enough from the first one to cause 
a variation in the coefficient that would necessitate 
another trial computation. 

Each test vehicle was accelerated at full throttle in 
each transmission gear, starting at the slowest speed at 
which the engine would operate smoothly and ending 
at the maximum permissible engine speed. The tests 
were made on a level section of highway and also on a 
4.5-percent grade. The tests on the grade were neces- 
sary in order to determine the constant for the energy 
stored by the rotating parts. A time-distance record 
was obtained for each test run from which the values 
of acceleration were determined in the same manner 
as described for the determination of the values of 
deceleration. 

SAMPLE CALCULATION OF GRADE ABILITY USING 

ACCELERATION VALUES 

An illustration of the computation of the grade 
ability from values of acceleration is given in table 20. 
The values of acceleration were obtained for a tractor- 
truck semitrailer operating in third gear with a weight 
of 12,000 pounds. The effective mass is composed of 
the mass of the loaded tractor-truck semitrailer (3873) 
and the mass equivalent constant (64). At 20 miles 
per hour the acceleration is 2.210 feet per second per 
second. ‘The drawbar pull is therefore 2.210 (373+ 64) 
—966 pounds. For this particular vehicle the coeffi- 
cient of tractive resistance for a weight of 12,000 
pounds and a speed of 20 miles per hour is 11.4 pounds 
per thousand pounds. The total tractive resistance is 
thus (11.412)=137 pounds. Since the tractive effort 
of 1,103 pounds (966+137) is directly proportional to 
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the power output, the correction to standard atmos- 
pheric conditions is made at this point. The factor in 
this case is 1.001 indicating that the tests were made 
at almost standard conditions. A corrected tractive 
effort of 1,104 pounds was used to compute the grade 
performance for this vehicle on 4.5- and 6-percent 
grades, the grades on which the actual grade tests 
were conducted. 

From table 20 it is seen that the tractor-truck semi- 
trailer had sufficient power to sustain a speed of 20 miles 
per hour on a 6-percent grade with a gross weight of 
15,600 pounds. The first trial computation of the 
sross vehicle weight utilized the coefficient of 11.4 
pounds per thousand pounds. A gross weight of 15,500 
pounds resulted from the first trial. Since the coeffi- 
cient for 15,500 pounds and 20 miles per hour is 10.9 
instead of 11.4 pounds per thousand pounds, as assumed, 
a second trial was necessary. The second trial with the 
new coefficient resulted in a weight of 15,600 pounds, 
for which the coefficient is still 10.9. <A third trial was 
therefore not necessary. 

Figure 19 shows a comparison between the grade 
abilities determined for a tractor-truck semitrailer on a 
6-percent grade. The plotted points indicate. the 
results determined by the actual tests. The solid line 
shows the results determined by the acceleration tests. 
The variation between the two sets of results is of small 
magnitude. This is a fair sample of the accuracy that 
can be expected. 

Figure 20 shows a cumulative frequency distribution 
of the percentage of variation between the results 
obtained by the two methods for all the vehicles. In 
almost 80 percent of the cases the variation was less 
than 5 percent. The acceleration method was con- 
sidered accurate enough to be used in the controlled 
tests of used trucks and tractor-trucks. 

The purpose of the tests on used trucks was to deter- 
mine the effect of wear and mileage on the performance 
of motor trucks. Acceleration tests were made on 
used trucks, of the same make and model as the new 
trucks tested, to obtain a factor that would represent 
the decrease in performance resulting from wear and 
mileage. The Maryland Motor Truck Association 
cooperated to the fullest extent in this phase of the 
study. Their members furnished, without compensa- 
tion, 17 vehicles that had mileages ranging from 10,000 
to 90,000 miles. The grade abilities of these vehicles 
were compared with those of the new trucks to deter- 
mine the effect of use on their performance. 

TaBLE 20.—Grade ability by acceleration method for a tractor truck semitrailer operating in third gear 
[Correction factor =1.001. 

<2 ae Accelera- | Drawbar | Tractive | Actual trac- 
Speed (m. p. h.) tion, a pull 4374 Sige tive effort 

1 

Ft./sec./sec.| Pounds | Zb./1,0001b.| Pounds 
ee gs Ee ee et Ae 2. 540 1,110 ane 1, 202 
TRE 1S SVR vd PES 2. 512 1, 098 8.2 1, 196 
1 PARE ae ik AN ee SP oe Se 2. 472 1, 080 8.6 1, 183 
LAN ee, Se oe eee 2. 421 1, 058 9.3 1,170 
ieee MOL ade ct. OCr cane 2. 361 1, 032 10.0 1, 152 
Ai: ee Se nel A Sah ate eS LMR oer 2. 290 1,001 10.7 1,129 
JA aE BBs ta Se AS SES is ERSTE 2. 210 966 11.4 1, 103 
eae ee OM See ae ee 2. 120 926 12,2 1,072 
Aes te ae cee ee na 2. 025 885 13.0 1, 041 
Ye Se ep eet Ne fae Bees a 1. 920 839 13.9 1,016 
D8 FGma eed Cama eee aoa ae 1.810 791 14.8 969 
fs ea IRE ie Se SIS oe ais eat 1. 690 739 15.8 929 
+ a eee AO SSE It yl Lp a 1. 568 685 16.9 888 

GVW=12,000 lb. M=373. K3=64. M-+K3=437] 

4.5=percent grade 6-percent grade 

Corrected => 
tractive ; ‘ 

Tractive , Tractive effort ; VW , GVW 
GVW Redgate using fa GVW rae using fs 

Pounds Pounds | Lb./1,0001b.| Pounds Pounds | Lb./1,0001b.| Pounds 
1, 203 22, 900 7.9 22, 8 , 800 7.8 17, 800 
1, 197 22, 500 8.3 22, 500 17, 600 8.2 17, 600 
1, 184 22, 100 8.7 22, 100 17, 300 8.7 17, 200 
Neale 21, 600 9.2 21, 600 16, 900 9. 2 16, 900 
1, 153 21, 000 9.5 21, 200 16, 500 9.7 6, 600 
1, 130 20, 300 9.9 20, 600 16, 000 10. 2 16, 100 
1, 104 19, 600 10.5 19, 900 15, 500 10.9 15, 600 
1,073 18, 800 11.0 19, 200 14, 900 11.6 15, 000 
1, 042 , 000 11.8 18, 300 14, 300 12.4 14, 400 
1,017 17, 300 12.5 17, 700 13, 800 13. 4 , 900 

970 16, 200 13.6 16, 600 13, 000 14.5 13, 000 
930 15, 300 14.7 15, 600 12, 300 15.6 12, 300 
889 400 16.0 14, 600 11, 600 17.2 11, 500 
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Figure 19.—CoMPaARISON OF GRADE ABILITIES DETERMINED 
By AcTUAL GRADE TESTS AND By ACCELERATION TESTS FOR 
A TyPpicAL TRAcTOR-TRUCK SEMITRAILER ON A 6-PERCENT 
GRADE. 

The acceleration method which was developed in con- 
junction with the actual grade tests on new trucks and 
which has already been described was used to measure 
the performance of the used vehicles. Because it was 
not always possible to obtain vehicles of the same 
model that had the same gear ratios and tire sizes, it 
was necessary to compare the performance of the new 
and used vehicles measured in terms of tractive effort 
at a given engine speed rather than in terms of gross 
vehicle weight and speed on a given grade. 

The tractive effort of a new vehicle operating on a 
given grade and in a given gear was computed for 
various road speeds by equation 2: 

Tia Ve WG ees ek 8, (2) 
where 

TE= tractive effort in pounds, 
GVW =gross vehicle weight in pounds, 

f=coefficient of tractive resistance in pounds 
per pound of weight, and 

g=grade in feet of rise per foot. 
The engine speed equivalent to the road speed for which 
the tractive effort was measured was determined by use 
of equation 10. 

iy RES 

where 
RPM=engine speed in revolutions per minute, 

S=road speed in miles per hour, 
GR=total gear reduction, 

r=effective radius of driving wheels in inches, 
and 

168=factor to convert units to revolutions per 
minute. 

TRACTIVE EFFORT-ENGINE SPEED CURVES PLOTTED 
FOR USED VEHICLES 

The tractive effort of a used vehicle was measured 
by acceleration and deceleration tests made on a level 
section of road. The drawbar pull and the tractive 
resistance determined from the values of acceleration 
and deceleration were combined to obtain the tractive 
effort available at various engine speeds. A tractive 
effort-engine speed curve was then plotted for each 
transmission gear. The following equation was used to 
compute the tractive effort for the used trucks: 

THE=a(m+k,)+GVW(f)---------- (a5 

VARIATION - PERCENT 

Figure 20.—CuMuULATIVE FREQUENCY DISTRIBUTION OF THE 
PERCENTAGE OF VARIATION BETWEEN THE GRADE ABILITY 
DETERMINED BY THE ACTUAL GRADE TESTS AND BY THE 

ACCELERATION TESTS. 

where 
TE= tractive effort in pounds, 
a=linear acceleration of vehicle in feet per 

second per second, 

GVW 
m=miass of vehicle=—5-5- 

panes 

k,=mass equivalent constant for a given gear, 
a(m+k,)=drawbar pull in pounds, 

GVW=gross vehicle weight in pounds, 
f=coefficient of tractive resistance in pounds 

per pound of weight, and 
GV W(f)=tractive resistance in pounds. 

In the case where the used models had the same tire 
size and gear ratios as the new model, the comparison 
of performances for a given gear is a direct one between 
the tractive efforts at a given engine speed or road speed, 
computed by using equations 2 and 15 shown above. 
But when the final gear reductions are not the same, it 
is necessary to convert the tractive effort of the used 
model for one gear reduction to that for the gear reduc- 
tion of the new model. 

The relation that was used to convert the tractive 
effort of a used model to one that could be compared 
with that of the new model was derived as follows, 
starting with the basic performance formula (equation 
8): 

ere GHEE. 
CG / | rn, re a el a ce 8 

Ai TU9) o 
since 

GAA ia Oi CE ne oa eee = 2S (2) 

fig eet te (16) 

therefore for one set of conditions 

fit, — En aes. 2: (17) 
] 

and for another set of conditions 

iE AE oe le ae (18) 

Dividing equation 17 by equation 18 and assuming 
that for similar engines the torque, 7’ in the equations, 
will be the same at a given engine speed and that the 



or © POEL IT CEROA DS Vol. 23, No. 3 

PERCENTAGE OF VARIATION 
FROM OPTIMUM PERFORMANCE 0 10 20 30 40 50 60 70 £0 90 

USE-THOUSANDS OF MILES 

Figure 21.—Ture Errect or Usrt on tHE HILL-CLIMBING 
ABILITY OF Motor TRUCKS. 

over-all efficiency will be equal, which is the case when the 
variation in gear reduction is not great, the following 
relationship results: 

TE, = 
TE. Spee) 

GR.Xr; 

where 
TE,=converted tractive effort of used model. 
TE.=tractive effort determined for used model. 
GR,=total gear reduction of new model. 
GR,=total gear reduction of used model. 

r;=loaded radius of driving wheels on new model 
in inches, and 

r2—=loaded radius of dri iving wheels on used model 
in inches. 

For example, one new model produced a tractive 
effort of 1,522 pounds at 2,200 revolutions per minute 
with a final gear reduction of 12.85 and a loaded radius 
of 19.11 inches. The used model with the same engine 
produced a tractive effort of 1,442 pounds at 2,200 
revolutions per minute with a final gear reduction of 
12.89 and a loaded radius of 19.85 inches. Using 
equation 19: 

ai 12.85 19.85)\ __ 
{Bik = 144 eas (ott) = 1,493 pounds. 

The variation between the performance of the new and 

used model is therefore rere oe =0.019, or a re- 
) 

duction in performance due to use of 1.9 percent, since 
the tractive efforts of both chassis are for the same set 
of conditions of engine speed, gear reduction, and 
loaded tire radius. 

The percentage of variation between the tractive 
effort produced by the new and used models was com- 
puted at several engine speeds over the useful speed 
range of at least one gear. The procedure followed and 
the results of the tests on a new truck and two used 
trucks of the same make and model are shown in table 21. 

The performance of the new truck was obtained from 
the results of the actual grade tests on a 5-percent grade. 
The tractive effort was computed by multiplying the 
gross vehicle weight by the factor (f+-g) which is the 
sum of the coefficient of tractive resistance and the 
tangent of the angle of grade. 

The tractive effort determined for the used truck by 
the acceleration method is plotted against engine speed. 
From these curves the tractive effort shown in the table 
was obtained for the engine speed at which the tractive 
effort for the new truck was determined. This tractive 
effort, designated as TF, in the table, was converted 
to the gear reduction and loaded tire radius of the new 
truck in the manner just described. The percentage of 
variation between the performance of the new and used 
vehicle was then computed using the performance of 
the new truck as a base. 

TaBLE 21.—Comparison of the tractive effort for new and used 
trucks of the same make and model 

Performance of used | Performance of used 
Performance of new truck truck with 12,000 truck with 51,000 

on a 5-percent grade miles miles 

Z 

A 

E 8 iS 
eee teks a hee 2 ee = 
oy Ss € ein | Shy 1S a Ss a 
a| & ay eee eae S & | & s 

|1, 000) Lb. Per- Per- 
Lb. |R. p.m. 1,000 lb. Lb. | Lb. | Lb. | Lb. | cent | Lb.| Lb.| Lb.) cent 

10__| 30.6 1, 060) 9.9 0. 05991, 835)1, 770)1, 755 80) —4. 4)2, 090) 1, 745 —4,9 
12__| 30.1 1, 275 10. 4) . 0604/1, 820 L 750 ry 735 85) —4. 7|2,050)1, 710) 110) —6.0 
14__} 29.4 1, 485 10.9) . 0609, 1, 790}1, 720)1, 705 85| —4. 7/2, 010/1, 680) 110; —6.1 
16__| 28.4 1, 690 11. 6} . 0616/1, 750)1, 680) 1, 660 90)—5. 1]1, 950/1, 630} 120) —6.8 
18__| 27.2 1, 900 12. 3} . 0623)1, 695)1, 620)1, 600 95|—5. 6}1, 880,1, 570} 125) —7.4 
20__| 25.6 2,110 13. 3} . 0633) 1, 620)1, 550, 1,530} 90/—5. 6/1, 790)1, 495) 125) —7.7 
22__| 23.8 2, 320 14. 3| . 0643/1, 530}1, 470)1, 450 80|—5. 2}1, 680)1, 405} 125) —8.2 
24__| 22.0 2, 520 15.5) . 0655/1, 440} 1, 8380/1, 355 85|—5. 9} 1, 570 I; 310} 130) —9.0 
26__| 20.0 2, 730 17.0} .0670/1, 340|1, 280/1, 255) 85)/—6. 3/1, 440)1, 200) 140|—10.4 
28_.| 17.5) 2,940) 18.8! .0688'1, 205/1, 180!1, 160 45|—3. 7|1, 310/1, 095) 110 —9.1 

A Verage.wWariations ee l.< os. 25 see eee eee =| On | be eee eee ee —7.6 

TRUCK PERFORMANCE NEED NOT DECREASE WITH USE 

The percentage of variation between the performance 
of new and used trucks is shown graphically in figure 21 
for all the tests. The abscissa is the mileage the vehicle 
had been driven and che ordinate is the percentage of 
variation from the base performance. The variation 
from the base line is never more than 8 percent. How- 
ever, it is not always in the negative direction. In 
about one-third of the cases the performance of the used 
truck was better than that of the new truck. The bars 
are marked L, M, and H, to indicate that the test 
vehicle was in the light, medium, or heavy group. Itis 
interesting to note that the heavier models of used 
vehicles had performances better than those of new 
vehicles. Since a majority of the vehicles were obtained 
from operators who service their motors regularly, the 
performance of the used vehicles may have been of a 
higher standard than that found generally on the high- 
way. The results definitely prove that trucks can “be 
maintained so that the performance does not decrease 
with reasonable use. 

The amount of maintenance on the used trucks should 
be known when considering the effect of use on the per- 
formance. Some of the motors of vehicles tested had 
been overhauled prior to the tests. The medium truck 
with 69,000 miles was given a major overhaul at 54,700 
miles, and the medium truck with 65,000 miles was 
overhauled at 23,000 miles because sand had gotten into 
the motor. Both of these vehicles were used to haul 
material from a sand pit and their performance as shown 
on figure 21 is slightly less than the base performance. 
The light vehicle with 80,000 miles was overhauled at 
about 40,000 miles. Its performance is also about the 
same as that of a new vehicle. In one instance a light 
vehicle was tested immediately before and again imme- 
diately after overhauling. The performance after the 
overhaul was slightly less than that before the overhaul 
as is indicated by the values of variation plotted at 
51,000 and 52,000 miles. None of the other vehicles 
were overhauled prior to the tests. 

In two cases the used models had the same gear reduc- 
tion and tire size as the new model. In these cases a 
direct comparison could be made between the grade 
performances in terms of gross vehicle weight and speed. 
Figures 22 and 23 show the comparison of grade ability 

or wee. SO aoe tC) ee pee ee 

atadé = +e 
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Figure 22.—CoMPARISON OF THE HiILuL-CLIMBING ABILITY IN 
THirp GEAR OF Nrew AND Usxep Licutr Tracror-TrucK 
SEMITRAILERS OF THE SAME MAKE AND MODEL ON A 5- 
PERCENT GRADE. 

for groups of light and medium tractor trucks. These 
comparisons serve to verify the conclusions drawn from 
the results shown in figure 21. 

In figure 22 the performance curve of the used vehicle 
with 80,500 miles crosses that for the new vehicle and is 
better than the performance of the vehicle with 25,200 
miles. The effect of use is practically nil in this case. 

In figure 23 the performance curves of the used vehicles 
cross the one for the new vehicle. The average varia- 
tion between the curves for the two used vehicles and the 
one for the new vehicle is approximately zero when 
negative variation is weighed against positive variation. 

The purpose of the tests on vehicles in service was to 
measure the behavior of other vehicles in the traffic 
stream with respect to the slow-moving vehicles and 
the hill-climbing abiuity of motor trucks when operated 
under ordinary driving. These tests have been con- 
ducted on various gradients under different traffic 
densities in Massachusetts, Dlinois, California and 
Oregon, in connection with their respective highway 
planning surveys. Included in this report are the 
results found in Massachusetts and California. The 
analysis of data in the vehicle behavior portion of the 
study, which has as its principal objective the determi- 
nation of what may be considered a reasonable mini- 
mum speed from the point of view of congestion, has 
not been concluded. 

The actual performance of all vehicles on the selected 
grades was measured with the equipment used on pass- 
ing studies.2, The trucks and combination units were 
identified when they passed a control station on the 
grade. After they had climbed the erage they were 
stopped at a loadometer station where they were 
weighed and complete data were obtained, as to make, 
year, model, capacity, vehicle type, tire size, etc. In 
this way it was possible to match the speed record of the 
vehicle with the vehicle characteristics without per- 
mitting the operator to know that his actions were 
being observed on the grade. 

In analyzing the charts each vehicle was treated in 
the order in which it arrived at the grade. The average 
speed of each truck was measured for each 50-foot sec- 

2Procedure Employed in Analyzing Passing Practices of Motor Vehicles, by 
F. H. Holmes, PUBLIC ROADS, vol. 19, No. 11, January 1939. 
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Figure 24.—GraApDE Apiuity oF Ligut, MEDIUM, AND HEAVY 
TrucKsS AND TRACcCTOR-TRUCK SEMITRAILERS IN ACTUAL 
SERVICE ON A 6-PERCENT GRADE. 

tion. From this record of speed it was possible to 
obtain the sustained or crawl speed and also the length 
of grade required to reduce the approach speed to 
varlous speeds. 

The trucks and combination units observed were 
classified into the three capacity groups corresponding 
to those used in the new truck study. The vehicles in 
each capacity group were distributed into weight groups 
and the average sustained speed obtained for each 
weight group. Figure 24 shows the average perform- 
ance of 517 vehicles observed in Massachusetts and 
California on 6-percent grades. Above 30,000 pounds 
there is little difference in the speed for a given weight 
between the performance of vehicles in the three ca- 
pacity groups. This finding is particularly important 
when it is considered that an increase in power is one 
of the means that has been considered for raising the 
speed. 
Fron the performance curves for the new trucks, a 
requirement of 20 miles per hour on a 4-percént grade, 
one that has been proposed in some quarters, is indl- 
cated to be equivalent to one of 14 miles per hour on a 
6-percent grade. From figure 24, this speed could be 
maintained with gross vehicle weights of 12,500, 16,000 
and 22,500 pounds for the light, medium, and heavy 
vehicles, respectively. These weights are approxi- 
mately the empty weights of the combination units. 
The effect of such a requirement based on actual opera- 
tion on the tractor-truck semitrailers is apparent. It 
would permit no carried load whatsoever. 
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Figure 27.—CoMPARISON BETWEEN THE GRADE ABILITY 
DETERMINED BY CONTROLLED TEsts ON NEW VEHICLES 
AND BY TESTS ON VEHICLES IN AcTUAL SERVICE FOR HEAVY 
pons AND TRACTOR-TRUCK SEMITRAILERS ON A 6-PERCENT 
RADE. 

INFERIOR PERFORMANCE CAUSED BY IMPROPER DRIVING 

A direct comparison between the performance of new 
trucks and that of the vehicles in service on a 6-percent 
grade is shown in figures 25, 26, and 27, for the light, 
medium, and heavy trucks and combination units. The 
difference in performance is caused either by improper 
maintenance or improper driving or both. In each 
figure the two curves tend to close at the lower speeds, 
which indicates that much of the difference is due to the 
improper selection of gears, a fact that is further sup- 
ported by the results of the used-truck study. The 
average variations are 31, 30, and 27 percent for the 
light, medium, and heavy groups, respectively. An 
average variation of 30 percent can therefore be expected 
for all the vehicles studied. This decrease in perform- 
ance must be given careful consideration in any develop- 
ment of a reasonable performance requirement. 

The effect of the length of grade on the speed of motor 
trucks is given by figure 28 for a 6-percent grade studied 
in Massachusetts. The curve for each gross weight 
eroup was obtained by averaging the speeds of all the 
vehicles in a group at a given distance along the grade. 
These curves can be used by the designer to determine 
how long a grade can be and yet not reduce the speed 
below a given value. For instance, a 6-percent grade 
could be 800 feet long and yet not slow the average 
vehicle to less than 20 miles per hour. The results 
apply to a grade with a level approach. Similar results 
are being developed for other gradients having different 
rates of ‘rade and approach characteristics. 

The correlation of the results of the actual grade tests 
with the information obtained at weight stations to 
determine the effect of various requirements on the 
present operation of motor trucks is one of the important 
developments of this study. The number of vehicles 
affected and the tons of payload that would be lost to the 
operators using U. S. Routes 1 and 40 between Rich- 
mond, Virginia, and Havre de Grace, Maryland have 
been determined for certain assumed requirements. 
The weight of the vehicles, their capacity (light, medium, 
or heavy) and their type were recorded at weight sta- 
tions. The maximum performance that can be expected 
from these vehicles is shown in table 22 for various con- 
ditions of speed and grade as determined by the actual 
gerade tests on new vehicles. The number of vehicles 
that cannot meet a specified requirement, such as 20 
miles per hour on a 4-percent grade, was determined by 

TABLE 22.—Grade ability of light, medium, and heavy trucks and 
tractor-truck semutrailers on various grades 

Gross vehicle weights for 
speeds of— 

Grade, percent Capacity 

15 miles | 20 miles | 25 miles 
per hour | per hour | per hour 

Pounds | Pounds | Pounds 
Light... 3 Pe eee 39, 000 26, 000 22, 000 

Bre Ds See See no hee Medium eee. 2 eee 42, 000 33, 000 23, 000 
Heavyic2 2252 eee 54, 000 41, 000 31, 000 

Light:22. 2-204 2 31, 000 21, 000 18, 000 
y Some Se re, eee Medium . 2.2 == 4 eee 34, 000 26, 000 19, 000 

Heavy..2. 2 eee 44, 000 33, 000 25, 000 

Light: 2.30% 2 oo ee 26, 000 17, 000 15, 000 
bi feet a er pe IE Medium 2-2)... 48 Saees meee 29, 000 22, 000 16, 000 

Heayyie 36, 000 27, 000 20, 000 

Lights: 22>. 43a eee 22, 000 15, 000 13, 000 
6:25 22 ee eee 8 Mediums 252-3 eee eee 24, 000 19, 000 14, 000 

| (Heavy. 3- 26 cence 31,000 | 23,000 | —-17, 000 

————— — 
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counting the vehicles that had weights that were more 
than the weight given in table 22 for a given set of con- 
ditions. 

The percentage of the single-unit trucks and tractor- 
truck semitrailers that must decrease their payload to 
meet a requirement of 20 miles per hour on a 4-percent 
grade is shown by the bar graphs in figure 29. The 
variation in performance between the two types of 
vehicles is very pronounced. Approximately 65 per- 
cent of the combination units would be affected as com- 
pared to about 5 percent of the single units. Similar 
relationships have been determined for other conditions 
of speed and grade. Table 23 lists the percentage of 
light, medium, and heavy vehicles using U. S. Route 1 
between Washington, D. C. and Baltimore, Md., that 
cannot meet various requirements of speed and grade. 
For a requirement of 20 miles per hour on a 3-percent 
grade, 27.2 percent of the combination units would be 
affected as compared to 0.8 percent of the single units. 
For 20 miles per hour on a 5-percent grade, 80.9 percent 
of the combination units would be affected as compared 
to 10.6 percent of the single units. It is evident that 
the operators of the tractor-truck semitrailers would 
suffer the most. 

The figure and the table just reviewed indicate the 
number of vehicles that are affected, but they do not 
show in what measure they are affected. The amount 
of payload that would have to be removed from the 
vehicles to permit them to meet a given requirement is 
more important. Table 24 lists the total payload 
hauled by all the vehicles operating between Washing- 
ton, D. C., and Baltimore, Md., for an average 24-hour 
period. It also lists the payload in excess of that which 
could be carried if a speed of 20 miles per hour were 
required on 3-, 4-, 5-, or 6-percent grades. 

TABLE 23.—Percentage of light, medium, and heavy vehicles between 
Washington, D. C., and Baltimore, Md., that cannot meet various 
requirements of speed and grade. 

Percentage of single-unit | Percentage of tractor-truck 
Requirement trucks that cannot meet semitrailers that cannot 

requirement meet requirement 
ae -| 

Speed, . Me- vaseee | eels ae Z Me- _| Aver- 
m. p. h. Grade | Light aria Heavy age Light Alkan Heavy age 

Percent 
3 0 0 0 0 0 2.8 0 1.5 

pgs Ce 4 0 sll 0 wie 6.6 22.0 0 14.0 
5 -6 1.9 8.4 1,3 34. 2 $1.3 25.6 42.2 
6 2.1 7.6 13.3 4.2 60.9 72.4 59.0 66. 8 

3 .6 Lee 0 .8 34. 2 28. 4 0 27.2 
IS eo ee 4 2.8 3.6 13.3 3.5 68. 3 64.3 45.0 63.5 

5 8.5 14.0 21aa 10.6 83.1 79.1 82.1 80.9 
6 17.8 26.9 39.8 21.2 88. 5 88.9 94.9 89. 4 

3 21 10.9 13.3 5.0 60.9 76.0 59. 0 68. 7 
Bay ee ree 4 6.4 26.9 31.3 13.0 80. 2 88.9 91.0 86.0 

5 17.8 48.6 66. 3 28. 5 88. 5 96. 1 98. 7 93.7 
6 32.1 60. 9 84.3 42.5 93.4 97.8 100. 0 96. 5 

For this requirement on a 4-percent grade the total 
payload must be reduced 14.4 percent with 13.5 percent 
of this coming off the tractor-truck semitrailers. Fora 
3-percent grade, the payload must be reduced 3.4 per- 
cent. For the 5- and 6-percent grades, 28.0 and 39.8 
percent of the payload must be removed. In either 
case at least 85 percent of the excess load is found on the 
combination units. The translation of the excess load 
into terms of ton-miles and lost income can easily be 
made. The effect of these requirements on the trans- 
portation industry, even if they were sufficient to elim1- 
nate the congestion on grades, would be drastic. In 
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not Meret REQUIREMENT OF 20 Mines Per Hour on A 
4-PERCENT GRADE. 

TABLE 24.— Average excess load for trucks and tractor-truck semi- 
trailer combinations on 3-, 4-, 5-, and 6-percent grades at 20 miles 
per hour; 24-hour daily average traffic on U. S. Route 1 between 
Washington, D. C., and Baltimore, Md. 

Excess load for various grades 24- |m 
Type and capacity of | hou oe = 

vehicle vol- Po 
ume 3 percent | 4 percent | 5 percent | 6 percent 

= 

| Per- Per- | | Per- | | Per- 
| Tons | Tons cent!| Tons |cent!| Tons cent, Tons | cent! 

Hicht truicksases=-=eoe 1, 084 2, 380 2; 0.02 31) 0.3) 122) 1.4 233} 2.6 
Medium trucks___---_- 422) 1, 220) 7| .08 34) 94) 1.1 202) 2.3 

3 
4 

Heavy trucks____----- 83)/ 488/22 aa tE~ = =— 15}. 2} 51) .5} 100) 1.1 

Total trucks___- 9 1,589, 4,038) 9] .10| 80, 267| 3.0| 535| 6. 

Light _ tractor-truck | 
semitrailers____---_- 243] 1,530) 114; 1.3) 400) 4.5) 770) 8.6 965) 10.9 

Medium tractor-truck | | 
semitrailers_---..---- 359} 2,715] 178) 2.0 750; 8.4) 1,255) 14.2) 1, 700) 19. 2 

Heavy tractor-truck | | 
semitrailers_.__.----- 78 BGS| 20 os [ace 52) «6; 197) 2.2) 334) 3.7 

Total tractor | 
semitrailers_ _- 680} 4,810) 292) 3,3) 1, 202) 13.5) 2, 222! 25. 0} 2 999) 33.8 

2, 269| 8,848} 301) 3.4 14.4) 2, 489| 28.0) 3, 534) 39.8 1, 282 

1 Percentage of total payload hauled by all vehicles. 
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studying this table it is important to note that, while 
the combination units represent only 30 percent of the 
total number of vehicles, they haul 55 percent of the 
total payload. 

CONCLUSIONS 

The most important conclusions are derived from the 
results of the actual grade tests and the applications just 
described. They showed that for motor trucks even 
to approach reasonable speeds on grades: 

1. Grades must be reduced to 3 percent or less, or 
2. Engine power must be more than doubled, or 
3. Gross vehicle weights must be reduced excessively, 

or 
4. Some combination of the three must be used that 

will still be costly to all interests involved and practically 
impossible of immediate application. Before a final 
conclusion can be reached, the reasonable minimum 
speed must be determined and the relative economics 
of the three basic methods and of their combinations 
must be determined. The results do show plainly 
that it will not be possible to find a comprehensive 
solution. It appears that the immediate solution is the 

FQPVICTORY 

Vol. 23, No. 3 

localized one—the provision of wider surfaces at the 
points of most serious congestion. This does not mean, 
however, that emphasis should be removed from the 
other methods as a means of gradually improving the 
performance of motor trucks. 

On the average, there is a 30-percent variation 
between the possible performance and the actual per- 
formance of vehicles in service. Since not over 10 
percent of this variation should be due to lack of main- 
tenance, there remains a 20-percent variation that 
must be charged to improper operation of the vehicle. 
In some cases the speed could have been doubled if the 
gears had been shifted at the proper engine speed. 
A considerable improvement in performance could be 
realized merely by instructing the drivers as to the 
proper speeds at which to shift gears. 

The performance of a motor vehicle may be computed 
by using the unit tractive resistances and efficiencies 
developed by this study, with a degree of accuracy not 
heretofore possible. Further research is necessary to 
determine the tractive resistance for higher speeds, for 
motor trucks with other types of bodies, and for various 
types of road surface. 
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MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. 191MP. . Roadside Improvement. 10 cents. 

No. 272MP. . Construction of Private Driveways. 10 cents. 

No. 279MP. . Bibliography on Highway Lighting. 5 cents. 

Highway Accidents. 10 cents. 

The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 10 cents. 

An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 

Highway Bond Calculations. 

Transition Curves for Highways. 60 cents. 
Highways of History. 25 cents. 

Specifications for Construction of Roads and Bridges in National 
Forests and National Parks. | dollar. 

10 cents. 

DEPARTMENT BULLETINS 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

No. 1486D . . Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges, 
35 cents. 

Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 

No. 296MP. . Bibliography on Highway Safety. 
House Document No. 272 . . . Toll Roads and Free Roads. 
Indexes to PUBLIC ROADS, volumes 6-8 and 10-21, inclusive. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y , . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

REPORTS IN COOPERATION WITH UNIVER- 
SI TY<OF ILEINOIS 

No. 303. . Solutions for Certain Rectangular Slabs Con- 
tinuous Over Flexible Support. 

No. 304. . . A Distribution Procedure for the Analysis of 
Slabs Continuous Over Flexible Beams. 

No. 313. . . Tests of Plaster-Model Slabs Subjected to Con- 
centrated Loads. 

No. 314. . Tests of Reinforced Concrete Slabs Subjected to 
Concentrated Loads. 

No. 315. . . Moments in Simple Span Bridge Slabs ,With 
Stiffened Edges. 

UNIFORM VEHICLE CODE 

Act J.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

Act I1—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act III.—Uniform Motor Vehicle Civil Liability Act. 
Act 1V.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 

Medel Traffic Ordinances. 

A complete list of the publications of the Public Roads Ad- 
ministration, classified according to subject and including the 
more important ‘articles in PUBLIC ROADS, may be obtained 
upon request addressed to Public Roads Administration, Willard 
Bldg., Washington, D. C. 
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