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FOREWORD

This document comprises Vol. IV of a four volume technical report aimed
at developing car/trailer handling and standards. A condensed executive
summary of the entire program and key results is given in Vol. I. Volume II
containg the main technical discussion and summary test results with three
rear wheel drive tow cars. Volume IIT contains appendicies providing raw
data and other supportive material for the Phase I tests. Results of
Phase II testing, with two front wheel drive tow cars is presented in this
volume. Thesge tests represent & validation of the requirements proposed
in Vol. IIT.

The research program was accomplished by Systems Technology, Inc.,
 Hawthorne, Californie, for the Office of Passenger Vehicle Research of
the National Highway Traffic Safety Administration, under Contract DCT-
HS-7-01720. The contract technical manager was Dr. J. Kanianthra, and

the STI project engineer was Mr. R. Klein. The STI Technical Director was
Mr. I. L. Aghkenas.

Significant contridutions made by STI staff members include Mr, H. T.
Szostak for test direction and data analysis, Mr. L. Ingerscll for vehicle
instrumentation and maintenance, Mr. S. Whitfield for test driving, and
Ms. S, A. Riedel for development of the automated data reducticn techniques.

Special acknowledgement is given for the fine cooperation and assistance
extended to this program by the following organizations and individuals:

® Mr. J. Abromavage, U-Haul International
Chairman of Trailer Hitch Sub-Committee of the
SAE On-Highway Recreational Vehicle Commitiee

® Mr. R, Madison, Consultant for the Recreational
Vehicle Industry Association

& Mr, R, Wilkinson
Fleetwood Enterprises

® Mr. J. Shumway
Prewler Industries

& Mr., R. Franke
Coachman Industries

® Mr. J. Carr
Shasta Trailers

® Mr. C. Keck and Mr. 5. Kulp
Holiday Rambler
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e M., DI, Swanson and Mr. L.- Huetsch
Atwood Mpbil Products

@ Mr. R. Chirakos
Dexter Axle Co.

® M. L. Caldwell
Eaz-Lift

& M., E. Kuma
Cali-Camp Industries
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BECTION I

INTRODUCTION

Thiz report presents results of a second phase of a program to develop
braking and handling performance criteria, and compliance formats for
passenger cars towing trailers. In the first phase of the study (described
in Vols. II and IIT) a full range of trailers were tested with three dif-
ferent tow cars representing the intermediate (Chevrolet Monte Carlo),
compact (Plymouth Volare), and sub-compact (Ford Mistang) vehicle classes;

the selection being based on weight difference and manufacturer.

During this, and the previcus Ref. 1 study, it was determined that weight
distribution plays a significant role in trailer towing handling and braking.
Consequently, increasing hitch load, and/or load leveling, significantly
alters the tow vehicle stability and stopping distance. For example, the
use of load leveling to obtain a "level" car/trailer attitude does not pro-
vide equal weight transfer when the front springs have a higher rate than
the rear springs; stopping distance is unfavorably affected with uneven
front/rear brake proportioning; and higher than normal throttle application
(due to trailer load) affects steering characteristics in steady turns.
Because of these factors it appeared desirable to expand the research tests
to include trailer towing test procedures for front-wheel drive wvehicles.
These vehicles typically have a very uneven (63/37) front/rear weight distri-
bution, and are bhecoming a large portion of the in-use population.

In regard to the trailers capable of being towed by this subecompact
vehicle class, structural and engine power capabilities 1limit the overall
trailer weight and hitch load. Consequently, tests were made with three

trailers at various weights to uncover the limitations.

Following the format of Vol. II (for the 3 rear wheel drive vehicles)
this report is organized according tc the U key test procedures. These
comprise sﬁraight line brake (for stopping pérformance), palse steer (for
trailer swing performance), constant radius circle (for tow car stability),
and bfake«in-turns (for combined longitudinal and lateral stability and per-

formance). Results of each procedure, with comparison to the rear wheel

TR-1114~1-1IV 1



drive test cars, are presented in individual sections. For summary, the
test program overview is presented first, and the overall conclusions and

recommendations are presented last.

TR-1114-1~IV 2



SECTION IT
TEST PROGRAM

This second phage of the test program sponsored under the Ref. 2 con-
tract involved testing two additionael passenger cars with three trailers,
This section presents data for these vehicles and the test matrix of combina-

tion~vehicle configurations.
A. TOW VEHICLES AND TRAILER BELECTION

Two subcompact front-wheel drive wvehicles were selected. These were
the new GM X bedy, a Chevrolet Citation, and a Plymouth Horizon. As noted
in Table 1, the Citation weighs sbout 500 lbs more than the Horizon and has
a higher front weight distribution.

Based on structurzl and suspension limitations it is not possible o
tow more than Class II trailers (3500 1lbs) with these subcompacts. In fact,
the manufacturers do not recommend towing any trailer over 1000 lbs unless
the tow car has some trailering options. Even with this, the user is cau-
tioned never to tow any trailer over 2000 1lbsi For example; Chevrolet pro-
vides the following caution in their owners manual:

CAUTION: Do not try to tow any trailer over 2,000 pounds

(900 kilograms) gross trailer weight (1,000 pounds (450

kilograms) for California emission equipped cars with air

conditioning) no matter what trailer towing equipment is

ingtalled. This could seriously affect your car's per-

- formance, durability or handling, which could result in

personal injury.
However, in order to determine the maximmm allowable trailer weights and
hitch loads, three single axle trailers were selected. As noted in Table 2,
these represented a non-braked utility trailer (GVWR 2600 1b), a camper
trailer with surge brakes, (GVWR 2100 1b), and a light weight, electric
braked, travel trailer (GVWR 3000 1b). Ioad leveling could not be used with
the subcompact vehicles since they can not accomodate a third class hitch,
however, air shocks were available for the Citation and provided the capa-
bility to maintein & constant rear suspension ride height with up to 350 lbs

hiteh load. The Horizon did not have an air shock replacement.

TR-111Lk-1-1IV 3
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B. TEST CONFIGURATION SUMMARY

A total of 3k different combination-vehicle configurations were tested.
These were obtained by varying trailer weight, hitch load, and trailer
brake capability on the three test trailers pulled by two tow cars. The
exact configurations are listed in Table > along with the test procedures

applied. A thorough discussion of each test procedure is given in Vol. II.

TR=1114w1~1V 5



TABLE 3,

FULL SCALE TEST SUMMARY

TEST CONFLGURATION TEST PROCEDURES
TRATLER
WETGHT HITCH ATR BRAKES CRT g SLE | BIT | BTA |OTHER
LOAD | SHOCKS ¢ PIC P{C P|C PJC P|C P
Utility 1000 0 N N
10 Y W N X X
1500 0 N N N XIx ®x|x X
5 Yy N N X XX XX
10 Y N N X XX XiX
15 Y N il X XX XX X|{xXx X
20 Y N N X X
2600 5 N N
10 ¥ N N X x X
Camper 1600 o} N N - X X
5 Y N -
i0 Y N|[Y ¥ |X X X | X x X X
10 ¥ N X X
15 Y Wiy ¥ x X X
Travel 2400 5 Y ¥ - X X
10 Y N 0% N X X X
10 Y N | 50%
10 ¥ N {100%Y | X X X |%X X |X X
15 Y N - X X
3060 10 N X
Hiteh ILoad = Percent trailer welght SLB = Straight line brake from 40 mph
Air Shocks = Yes if used to level CV, BIT = Brake in turn, 4O mph, 0.3 g turn
No if not used BTA = Treiler-alone brake
CRT = Constant radius turn (40O £t Other = 0.6 g tow car brake capability

diameter)

Ps =

TR=-1114~1-IV

Pulse steer at 55 mph

C = Chevrolet;

P = Plymouth




SECTION ITX

STRAIGHT LINE BRAXING

Based on the previous tests of eight‘trailérs and three tow cars it
was recommended (in the Vol. II report) that the stfaight line stopping
performance for combination-vehicles be i34k £t from 40 mph., This corres-
ponds to an average deceleration of 0O.hg.

To insure complisance, it was further recommended that the tow car o
trailer weight ratio, W./W¢, be proportion to the "trailer-alone” decelera-
tion capability, ax, .. Specifically, W./Wy be greater than 2.1 minus 3.5

a'xt&«’ i-e.,

We

3 2.1 “'3-5 &xta
Wy,

Basically, this requires the tow car to be at least 2.1 times the trailer
weight if there are no trailer brakes. With trailer brakes providing a
0.43 g capability (a typicel design) the itrailer could actually be heavier
than the tow car.

This braking expression was derived from a complete static braking model
with 10 percent hitch load, non-optimum brake proportioning (60F/4OR) and no
load leveling (see Appendix D of Vol. III). It is more readily interpreted
when illustrated graphically as in Fig. 1. In this plo%t, tow car to trailer
weight ratios above the boundary would theoretically pass the stopping dis-
tance requirement, and weight ratios below (or inside) the shaded boundary
would fail the requirement.

One of the key objectives of this second testing phase was to verify
the proposed boundary, especially for unbraked trailers where the proposed
stendard could restrict some current designs (i.e., since some states allow
3000 1b unbraked trailers).

A gecond objective was to determine if the proposed requirements, based
solely on rear wheel drive passenger cars, were also applicable to front
wheel drive designs.

TR-1114=1~1IV ‘ 7
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c-v
DECELERATION
>0.44g

{ossumes tow car
capabllity of 0.6g)

o

134
ft f
.
Om 40 Mo
Limy
}

Tow Cor Troiler Weight, We/W;

I c-v
DECELERATION
<0.4g Pru'cﬂca.i
Trailer Size
Limit
! | 1 | |
OC) , A .2 3 4 5

Trailer Alone Deceleration,ay,, (@)

Figure 1. Recormended Tow Car/Trailer Weight Limit to
Meet 0.4 g C-V Deceleration Requirement

As described in Vel. II, the straight line brake test procedure involves
maximum performance stops from 40 mph. At least six replications are made,
in which incipient tow car lockup is allowed, i.e., preferably 5 runs below

lockup and 3 runs with partial lockup.

The average test results for each tow car and C-V are presented in Table h
and 5. Individual test run data are presented in Appendix B of this volume.
First, in regard to tow car alone performance, both vehicles met (or exceeded)
the requirements of FMVSS-105-T75. The Citation was close to the stopping
distence requirement (89.3 £t average vs. 91 ft required) and the Horizon
was well below {at 79.3 ft or 0.68 g average). In addition, the Citation
exhibited a front wheel lockup limitation whereas the Horizon exhibited rear

wheel lock-up. For optimum car alone performance, the front lock-up is

TR=-1114-1-IV 8
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desired. However, for trailer towing, the rear lock limitation is beneficial
sihce the increased rear tire load pfovided\by‘the trailer hitch load can

be turned into braking force. On the other hand, & vehicle nominally exhibit-
ing front wheel lock-up will lose overall braking capability when trailer
towing since increasing hitch load continually unlcoads the front axle, thus
making lock-up even more premature.

In regard to CV braking performance, most tests were performed with a
10 percent hiteh load, however one trailer was tested at hitch loads from
0 to 15 percent {in 5 percent increments) to evaluate the differences due
to tow car lock-up. Various trailer weights and breking capability were also
‘tested in order to provide a comparison with Fig., 1. Since the performance
boundary of Fig. 1 was based on a 0.6 g tow cer (per 105-75) it was desirable
to test both tow cars st this level. The Citation was aiready close enough,
however the Horizon required reduced brake force levels in order to simlate
the 0.6 g tow car. Stopping distances increased eccordingly. Figures 2
and 3 éompare the stopping distance results with the predicted performance

boundary. Using these figures we will discuss the performance of each type
of trailer brake system.

A. UNBRAKED TRATLERS

As noted previously, the recommended tow car to trailer weight ratio of
2.1 shown in Figs. 2 and 3 for unbraked +railers may be criticized since it
- would impact on some current trailers, and the boundary has not been adequately
validated. Indeed, test results indicate that the performance of front wheel
drive CV's exceed the predictions, and in fact, are performing with near-
eptimuﬁ brake force proportioning. For example, it was shown in Vol. II
(Fig. 3) that a 1500 1b unbraked trailer could, ideally be stopped in 13k ft
(at 0.4 g) by & 0.6 g tow car if the tow car weight was greater than 2150 lbs,
i.e., & tow car to trailer weight ratio of 1.%. This is very close to the

performence achieved by the Citation plus unbraked trailer combinations in
Fig, 2.

Toc more sccurately determine the weight ratio necessary to achieve a
134 £t stopping distance from 4O mph, we can plot stopping distance versus

trailer to tow car weight ratio. This form of presentation provides g nearly

TR-1114-1-IV 11
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Figure 3. Comparison of Horizon CV Straight Line Brake Performance
with Precposed Criterion
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linear relationship such as shown by the dashed line in Fig. L. The actual
data very closely matches the optimum brake force curve and shows that the
trailer should not weigh more than 67 percent of the tow car,

With higher car-alone performance, plus rear lock-up tendency, the
Horizon with unbraked trailers provided even shorter stopping distances.
This is shown in Fig. 5. Since &ll analysis and eriterion must assume a
tow car just meeting the FMVSS-105-75 requirement of 91 ft from 40 mph
the open symbols shown in this figure represent that performance capability.
These data points are also below (i.e., better than) the optimum brake force
line because the rear lock-up tendency increases overall brake force as hitch
load is increased. Only when hitch load exceeds 150 lbs does the front axle
unioad sufficiently to cause front wheel lock-up.

Simplified Relationship
200+ Sgcvg SDc “'!“WQ/WC}

Optimum Brgke Force

(Vol.II, Fig 3) for 06g -
Tow Cor

150

@
Q
c
8
2
Q Lama]
e r L L bl bkl bl L L8k PP IIIIIIFA LA
a > Criterion
a O
o
n 9
a =
. E g 100 _
sg T
S E Citation +
= £ @ Utility |
£ 50 > Camper
E © 15 ft Trave!
8 10% Hitch Load

p—

0 ! 1
} 5 1.O
Low Traller to Tow Car Weight Ratio,W; /We
ALONE

Figure 4. Unbraked Trailer Stopping Performance Versus
Trailer to Tow Car Weight Ratioc., Citation Tow Car.
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Simplified Relationship
SDey = SD¢ (1 + Wy /We)

200 k-
Optimum Brake Force
(Vol.IL, Fig 3)for 06g -
Tow Car —~
150+~
DIIIIIIIIIIIIIY. 134 ft
Criterion
—
FRONT
b Excess L/U

Tow Cer

Combination Vehicle Stopping Distance
from 40 mph, SD¢(ft)

[8]0] s ¢ Capabiiity
| FRONT OR REAR L /U
* REAR REAR
L/U L/u Horizon +
3 Utility
50 - . & Camper
G 15§t Trove!
Solid symbols represent maximum
tow car prake performance,0.68g
10 % Hitch Lood
0 i ]
{n 5 .0
gg\; Trailer to Tow Car Weight Ratio,Ws /W¢
ALONE

Figure 5. Unbraked Trailer Stopping Performance Versus Trailer
to Tow Car Weight Ratic; Eorizon Tow Car

The effects of hitch load (for both tow cars) are shown more directly
in Fig. 6. The Citation follows the nominal (or anticipated) trend of
increased stopping distance with increased hitch load., The Horizon exhibits
the reverse trend at low hitch loads (due to increasing brake force capa-
bility at the rear) up to about 150 lbs at which point front lock-uploccurs
and further increases in hiteh loads increase stopping distance.

TR=1114-1-1IV ~ 1k
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B, SURGE BRAXE TRAILER

Surge brakes on the camper trailer improved stopping distance from
126 £t to 113 ©t. This is not as mich as possible since the trailer alone
brake capability was only 0.3 g. This value is based on the surge brake
gain, G, the desired combination vehicle deceleration, 8xcys 0@ the hitch
load. Specifically, from Vol. II, pg. 32.

axev[G/(1 + G)]
8%ta . FHL
' 100

For this trailer the surge brake gain was determined to be 2.1 (see Appendix A)
the hitch load was 1C percent, and desired deceleration criterion was 0.k g,
Inserting these figures yields a trailer alone deceleration capability of
0.296 g.

Tt was also shown in Vel. II that with surge brakes a surge trailer should
stop in a distance equal to an unbraked trailer of weight:

_ Yyitn Surge
WNo Brakes © G+ 1

or 516 lbs when G = 2.1. Referring back to Fig. &, the surge brakes should,
ideally, produce CV stopping distance of 100 ft, or 26 ft better than the
no brake case. Sincelthe actual improvement was only half this value the
surge mechanism was not functioning as well as possible; probably due to
onset delays (usually 0.3 sec) and sliding friction (see hystersis plot in
Appendix A).

C. ELECTRIC BRAKES

Two configurations of electric brakes were tested; maxirmum and 58 percent.
This latter represents a 0.29 g trailer alone capability and was set using
the trailer alone calibration curve presented in Appendix A. The full trailer
brekes provided 0.5 g capability at full GVWR (3000 lbs). As anticipated
this maximum trailer alone level provided a CV capability well above the
proposed 0.4 g requirement (refer to FPigs. 2 and 3). At the reduced brake
force level the CV was still able-to exceed 0.4 g.

TR-11141-IV 16



Thege results are consistent with the recommendations of Vol, II that
no more than 1500 1bs should be supported by each 10 in. brake. At 1200 lbs

" per brake, the test trailer was well below the maximum recommended.

A summary of the straight line braking results, and implications for
modifying the tow car to trailer weight recommendations are presented in
Section VII.

The primary problem that will occur in meeting the straight line brake
and brake in fturn regquirements is specifying the tow car weight necessary
for unbraked trailers. This occurs because some states allow unbraked
trailers up to 3000 1b. For example, it was recommended in Phase I, for
rear wheel drive tow cars, that the tow car be a minimum of 2.7 times the
trailer weight. 1In this phase we have determined that for front wheel
drive cars this multiplier can be reduced to 1.%5. This value definitely
represents a lower bound, since it represents optimum brake force at both
front and rear. If we hope to meet (or exceed) a 0.L g CV deceleration
requirement with all tow vehicles, the 2.1 value represents a more conser-
vative recommendation. However, even assuming the mere optimistic value
of 1.5, the 3000 1b unbraked trailers would have to be towed by at least
a compact sized vehicle (GVWR 2 4500 1b). If such a restriction is not
possible, the overall stopping distance requirement will have to be relaxed.
This would, however, be inconsistent with the stopping capability of braked
trailer combinations. ‘

For braked trallers the recomended tow car to weight ratio selected
above can be reduced by a factor of 3.5 times the "trailer-alone" braking
capability {in g units), i.e.,

WC
W'_t- 2 1.5 - 5'5 a‘xt&

Current contemporary trailer manufacturers are providing 0.43 g capeability,
and test results from both phases showed 5 out of 7 trailers (with brakes)
exceeding this value. Only when the traller weight exceeded 1500 1b per
each 2" X 20" brake did a trailer not meet 0.13 g. Assuming this trailer

design criterion there would be no restriction on minimum tow car weight.

TR-111k-1-1V 17



BECTION IV
TRATLER DAMPING PERFORMANCE

It was previcusly shown by test data in Vol. IT that several key factors
influence the trailer swing damping. In terms of providing an improvement
in damping these were as follows:

@ Increase tow car to trailer weight ratio (i.e.,
larger car or smaller trailer).

® Tnecrease hiteh load.

@ Decrease moment of inertia about c.g. (i.e., reduce
barbell effect).

@ Reduce speed.

In addition it was shown, analytically, that increasing trailer effective
tongue length, fp, and increasing trailer tire cornering stiffness, Yaz,
were alse beneficial. Test date provided in this second test phase show

that front wheel drive vehicles support the previous conclusions.

Twenty-eight combination-vehicle configurations were tested with the
two front wheel drive tow cars and three trailers. Hitch loads were the
primary variable, although trailer weight was varied with the utility
trailer, and speed was varied for most configurations. Load leveling (via
& weight distributing hitch) or sway dampers were not used. The average
trailer damping ratio for each of these configurations is presented in
Table 6. These data were derived from four individual test runs (see
Appendix D) using a time series least squares fit to a pure second order

system response.

The trends in trailer damping {at 55 mph) as & function of hitch load
are graphically presented in Figs. Ta, b, and ¢ for the three trailers.
As expected, increased hitch load is the primary factor in improving
trailer damping. 1In addition, it can be sgeen that for & given hitch load,

the heavier tow car provides higher trailer damping.

Also shown on Figs. Ta, b, and ¢ are lines representing the maximum

and minimmm damping ratios. The former represents the analytical

TR=1114-1-1V 18
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ntrailer-alone" damping ratio. This corresponds to the maximum damping

that each trailer could achieve, if, Por example, 1t were pulled by a tow
car of infinite mass, or if there was no lateral movement of the hitch
point. 1In effect, it is a locus of hitch loads for a given trailer that
locates the center of percussion {for forces applied at the trailer tires)
at the hitch point. The latter line, drawn across at { = 0.15, represents
the proposed damping criterion. Where this line intersects a line connect-
ing the data points represents the minimum allowable hitch load for that
particular tow car to trailer weight ratio. Other tow car to trailer weight
ratios can be derived by extrapolating the damping ratio points at other
hitch loads. This has been accomplished and presented in Fig. 8 for each
trailer, respectively. A comparison to analytical predictions can now be made,

Since two of the three test trailers used in this phase were also tested
in Phase I with rear wheel drive tow cars, the Vol. II results have been
overplotted on Figs. 8a and 8b. For example, in Fig. Ba, this comparison
shows the FWD tow cars to be less prone to trailer swing than their RWD
counterparts. In other words, the FWD tow car would allow a lighter hitch
load than that necessary on an equivalent weight RWD tow car.

The analytically derived boundary lines are also shown on Fig. 8a and 8b.
These lines were computed from the following equation previously presented
in Vol. II:

I, . Ttle HL _ {HL )2
‘ _ Q/zeﬁyﬁa to g 100 100
v U/ 2Igy, sy We
. W‘\/’W i

Trailer Alone Hookup Factor Tow Car
Damping Ratio, Sensitivity
fra

For the previcus work an "average" tow car sensitivity constant of 3.7
was used. This value resulted in the predicted damping either matching or
paralleling the full scale data. For the front wheel drive tow cars it

appears that a lower wvalue of C (less tow car sensitivity) is more
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appropriate. Analytically derived curves using these lower values of (4
are shown in Figs. 8b and 8c to illustrate the comparison with full scale
data.

In the previous figures the trailer weight has been constant and the
peneficial effects of increased tow car weight illustrated. The same trends
hold true if, for a given tow car, the trailer weight is decreased. Veri-
fication of this trend is shown in Fig. 9 for the variable weight utility
trailer., These results are as anticipated since a lighter trailer reduces
the hookup factor and tow car sensitivity terms in the equation for combina-

tion vehicle damping ratio.

The effects of speed on trailer damping is the last discussion item.
Speed adjustment curves such as derived in Vol. II, Appendix E are valuable
for use in adjusting data points taken at off-nominal speeds, in pre-
dicting the maximum safe speed (for {., = .15), or the speed for trailer
instability, i.e., {oy = O. Since the previous curves were based on computer
similation and verified by only a few full scale tests it was desired, in

this test phase, to check and refine the curves.

The data from Table 6 for 35, 45, and 55 mph (for each trailer at 10
percent hitch load) have been plotted in Fig. 10 for the two tow cars. Also
shovn on Fig. 10 are the speed adjustment curves used in Vol. II. The new
curves are slightly shallower {less speed sensitivity) but do follow the
shape of the previous curves, Using these new curves (or the ones sketched
parallel) it is possible to estimate the speed at which a given traller
will cross the (proposed) minimmm stability boundary and/or the unstable
boundary. For example, Table 7 predicts these speeds for each CV configura-
tions. Speed limitations such as suggested by Table 7 are another approach
to a trailer safety standard, however, from an enforcement standpoint it
would be more desirable to limit the hitch load so that the minimum safe

speed is always eqgual to or greater than 55 mph.
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TABLE 7. ESTIMATED MAXIMUM SAFE SPEED AND UNSTABLE
SPEED FOR EACH C-V CONFIGURATION

TOW CAR | TRAILER %igﬁ? SfEED’fgg S;é%ﬁ?ﬁ%éﬁ;)
Citation Utility 10 > 80 > 80
1000 | |

1500 | 10 { 70 > 80

5 54 > 80

0 43 ]

2600 10 57 | > 80

Camper 10 €5 \ > 80
1600

5 5k > 80

b | 69

Travel 15 NG > 80
2400

10 53 > 80

5 L7 79

Horizon i Utility iC 58 > 80
| 1000

| 0 46 8

% 1500 § 10 62 > 8o

! | 5 Lt &7

¢} 39 63

2600 10 | L 79

5 1 ko 66

Camper ' 10 g 57 > 80
1600

> b 19

43 3

Travel 15 68 > 80
2400

10 51 > 80

b2 70

Note: Assumes low g cornering; speeds will be significently
lower if lateral acceleration exceeds 0.5 g or if
trailer swing exceeds 10 deg.
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SECTION V

TOW CAR STEADY-STATE TURN STABILITY

In Vei. II it was shown, both analytically and with test results, that
adding hitch load reduced the tow car understeer. This reduction is ampli-
fied at higher lateral acceleration levels, and when load leveling is added.
The performance measures used for evaluating these effects were understeer
gradient at low lateral acceleration, XK,, the lateral acceleration at which
understeer gradient becomes zero, ayg-p, and the lateral acceleration for
incipient jackknife, By 3t The tentative, or propesed handling requirement
was that the tow car maintain pogitive understeer gradient up to and includ-
ing 0.3 g lateral acceleration and that it not jackknife at 0.5 g. It was
determined that by limiting the meximum hitch load this requirement could
be met or exceeded. Consequently the proposed maximmm hitch load versus
tow car to trailer weight ratic boundary shown in Fig. 11 was derived. It
wag the objective of the tests described in this phase to check these bhoun-
daries for front wheel drive wehicles.

Fourteen different combination vehicle configurations, plus tow car
alone, were tested for understeer gradient using the constant radius cireieé
test procedure. Basically this was done at various hitch loads without load

leveling, however one configuration, designed for demonstration only, included

load leveling of sufficient magnitude to raise the rear axle of the Citation
off the ground. This was done to illustrate how unsafe such a condition
would be. Results of these tests are given in Table 8, Individual steer
vs. lateral acceleration plots are given in Appendix B, The key conclusiouns

can be summarized as follows:

® All configurations (without load leveling) exhibited
positive understeer up to and inecluding C.L5 g.

® All configurations exhibited a decrease in understeer
with increasing hitch load.

® Ioad leveling such as to totally unload the rear axle

pPreduced a combination so oversteering thait jackknife
occurred at 0.1 g cornering!
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TABIE 8

TOW CAR UNDERSTEER — CONSTANT RADIUS CIRCLE TEST RESULTS

TOW CAR UNDERSTEER UNDER~- |LATERAL
TCW CAR GRADIENT | STEER |ACCEL.
TRAIIER/ WEIGHT Hgggx FRSEN‘gG;mgAR FOR  [GRADIENT,|NEUTRAL REMARKS
< M5gle,<.3g ] STHER
DISTRIBUTION| Y4 -
deg/e) | (deg/a} | ayy o
Citation| 3200 e} 62/38 5.51 5,19 1AL > Before trailer testing
Alone 45
5.60 .84 After trailer testing
Utility | 1500 5 60 /40 k.18 .2 Increasing understeer at 040 g
10 57/k3 k.11 2.87 Increasing understesr at 0.40 g
15 55 /L5 k. ps 2.79 Incressing understeer et 0.35 g
20 52/48 3.43 2,43
Camper 1600 10 57/43 5.60 4.0k
Travel | 2400 10 5L /46 3.79 3,48 Date only to 0.3 g
0 =32, ~32. o Rear wheels off ground. Maximum
+5000 ft- Bo/o speed on 200 £t circle 17 mph,
(lbs Load (EST) or .1 . Demonstration Only,
Leveling
Horizon | 2675 58/42 5.16 L.gh Initial Test
Alone .59 Test after utility and camper
tests
Utility | 1500 s 58/u2 5.16 5,06
5 56 [k 5.95 4,63
10° 5k /L6 5.0 3.59
15 52/u8 L k3 L.01
20 50/50 L.ko 311
Camper 1600 10 54 /L8 k.19 3.h2
Travel 2400 10 52/48 2.9 Constant speeds and cosat down
2.83 Contimwous speed up
2.86 Continuous coast down
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The key results have been graphically presented in Fig. 12. It is
obvious that, to the extent of the hitch loads that can be practically
applied, there is no problem with oversteer or jackimife with the subconm-
pact front.wheel drive cars.

There are two basic reasons for this positive result. First, since
FWD cars normally come with 58 to 62 percent of the curb weight on the
front axle, the addition of nominal hitch loads never results in more than
50 percent of the tow car weight on the rear axle, Recall from Vol. II that
rear drive tow cars achieved an oversteer/jackknife response only when about
60 percent of the tow car weight was on the rear axle. For the two FWD tow
cars, the worst case loading (300 1b hitch load) resulted in only 52/48 front
to rear weight distribution for the Citation end & 50/50 distribution for
the Horizon., The second reason for %oli& understeer with all configurations
is that forward traction applied at the front tires. Knowing how the trac-
tion ellipse limits operate, it is easy to see how traction applied at the
front wheels will increase understeer., In addition, the bigger the trailer
drag load, the more traction is needed at the front wheels,

With regard to the proposed maximum hitch load boundary, Fig. 15 shows
that all configurations fall in the allowable hitech load region. To inter-
sect this boundary the Horizon would have to tow the 2400 lb travel trailer
at an 18 percent hitch load (or 432 lbs) or load -up the utility trailer to
2150 1bs and use a 20 percent hitch load (again & 430 1b hitch load). The
Citation would require a 512 1b hitch load to intersect the boundary. Both
are Tfar beyond the manufacturer's recommendation and beyond what could

practically be applied without scraping the rear bumper on the ground.,
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Figure 13. Comparison of Understeer Results with Proposed Maximum
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SECTION VI

COMBINED BRAKTNG AND CORNERING

The final combination-vehicle test procedure was simed at uncovering
any tow car and/or trailer stability problems during a brake-in-turn maneuver.
In Vol. II it was recommended that 0.4 g deceleration during 0.3 g cornering.
be demonstrated. It was further stated that if the +tow car and trailer
could meet the previous three requirements {of Sections III, IV, and V) it
would be able to perform this brake-in-turn maneuver without transient overw
steer tendencies (defined as a yaw rate/speed change of 0.3 deg/sec/mph)
for more than one second. Testing in this second phase was to verify this

proposed standerd for front wheel drive tow cars.

All test runs are identified in Table § and 10 for the two tow cars,
Results indicated on these tables include stopping distance from 40 mph,
average maximum deceleration level, Bmay? VoY rate per speed slope,
Ar/Ma, time duration of yaw rate change, and effective turn radius (come
puted from peak r/u x 57.3). Ideally the turn radius would remain con=
stant at 355 ft, consequently any transient oversiteer tendencies will

appear as & tightening of the turn circle, i.e., a reduction in turn radius,

None of the test runs shown in Tables 8 or 9 showed any jackknife ten-
dency or exceeded the transient oversteer réquiremsnt. In general, both
tow vehicles exhibited front lockup during thé maneuver. Iocking this axle
(or a wheel on this axle) minimizes any'ovefsteer tendency. However, not
all configurations were able to achieve a 0.4 g average deceleration. This
occurred for the unbraked trailer combinations and is due to the reduction
@n tow car deceleration capability in going from straight shead to 2 0.3 g
turn. For example, the Citation changed from 0.6 g straight ahead to"0.47 g
in a turn and the Horizon changed from 0.68 g to 0.52 g. For the Citation
plus utility trailer the deceleration changed from 0.46 g (116 ft) straight
ahead to 0.37 in the turn. For the Horizon/Utility cowbination the reduction
was from 0.56 g to only 0.4k g since the tow vehicle alone started with
greater capacity. The travel trailer with no brakes alsc did not meke 0.4 g
however this could not be achieved even in the straight ahead test.
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Based on these results it is not necessarily possible to demonstrate
a 0.4 z deceleration during a 0.3 g turn (especislly for unbraked trailers)
even though the CV can pass the previcus three handling and braking reguire-
ments. Rather than revising the straight line reguirement upward it is
recommended that the demonstration test be revised downward from "O.4% g"

to a "maximum deceleration (with tow car lock-up) or 0.4 g; whichever occurs
K

first."
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SECTION VII

CONCLUSIONS AND RECOMMENDATIONS

This final phase in the development of handling and braking standards
for passenger cars towing trailers has tested two front wheel drive subcom-
pacts plus three nominal trailers in over 30 combination vehicle configura-
tiocns. Results have verified and revised the previous results and recom-
mendations, especially with regard to unbraked trailers. In fact, the front
wheel drive vehicles make better tow cars than their rear wheel drive counter-
parts. This is due to their nominally high front weight bias which becomes
more evenly distributed when a hitch load is added. This improves braking,

tow car stability, and trailer swing.

This section reviews the suggested handling and braking criteria and
means for insuring compliance presented in Vol. II and shows how conservative
these boundaries will be for front wheel drive tow cars. In addition, an
integrated handling standard is derived for the three trailers tested in
this phase. Plots such as these can be derived by trailer manufacturers and
are recommended for gach trailer model as a means for implementing the pro-
posed standards.

~

A. HANDLING AND BRAKING PERFORMANCE CRITERIA

The following performance criteria were previcusly recommended for pas-

senger car/trailer combinations:

® All combination-vehicles shall be capable of stopping
within 134 ft from 40 mph, i.e., average deceleration
of 0.4k g.

& All trajlers of a combination shall exhibit a minimm
trailer swing damping ratioc of 0.15 (i.e., 3/4 cycles
to one-half amplitude) at 55 mph.

& All tow cars of & combination shall exhibit a positive
understeer gradient up to and including 0.3 g cornering.

® All combination-vehicles shall demonstrate 0.4 g decel-
eration during 0.3 g cornering without incurring transient
oversteer {increased yaw rate) for longer than 1 sec
duration.
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All these reguirements can be met by proper selection of 2 trailer for a

given tow car size (i.e., weight) and proper setting of hitch load.
B. MEANS FOR INSURING COMPLIANCE

The above requirements can be insured by specifying & tow car to trailer
weight ratic as a function of trailer brake capacity (for braking tests)
and of hitch load {for handling tests). BEach is discussed below.

1. Braking

‘The primary problem that will occur in meeting the straight-line brake
and brake in turn requirements is specifying the tow car weight necessary
for unbraked trailers. This occurs because some states allow unbraked
trailers up to 3000 1lb. For example, it was recommended in Phase I, for
rear wheel drive tow cafs, that the tow car be a minimum of 2.1 times the
treiler weight. In this phase we have determined that for front wheel drive
cars this muitiplier can be reduced to 1.5. This value definitely represents
a lower bound since it represents optimum brake, force at both front and rear.
If we hope to meet {(or exceed) a d,h g CV deceleration requirement with ail
tow vehicles, the 2.1 wvalue represents a more conservative recommendation.
However, even assuming the more optimistic wvalue of 1.5, the 3000 1b unbraked
trailers would have to be towed by at least a compact sized vehicle (GVWR >
4500 1ps). If such a restriction is not possible, the overall stopping dis-
tance requirement will have to be relaxed, This would, however, be incon-

sistent with the stopping capability of braked itrailer combinaticns.

For braked trailers the recommended tow car to weight ratio selected
avove can be reduced by a factor of 3.5 times the "traller-alone" braking

capebility (in g units), i.e.,

W
o

Current conitemporary trailer manufacturers are providing 0.4% g capability,

and test results from both phases showed 5 out of 7 trailers {with brakes)
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exceeding this value. Only when the trailer weight exceeded 12500 1lbs per
each 2" X 10" brake did a trailer not meet 0.43 g. Assuming this trailer

design criteria there would be no restriction on minimum tow car weight.,
2, Hendling

Trajiler and stability can be insured by specifying & minimum hitch load
boundary as a function of the tow car to trailer weight ratio for each
trailer model. A different model would be defined as a change in weight,
effective tongue length, tires, and/or moment of inertia. Methods have been
presented in Vol. II, in Ref. 3, and by the Recreational Vehicle Manufac-
turers Association (RVIA) to analytically derive this boundary. However,
some full scale CV tests are necessary to properly coalesce the analytical
and emperical results. Front wheel drive cars will have a lower tow car

sensitivity factor than rear wheel drive tow cars,

Tow car stability can be insured by specifying a fixed maximum hitch
load boundary as & function of tow car to trailer weight ratio, for varlous
values of load leveling. Three values have been illustrated; none (using air
shoeks only) minimim {based on using air shocks to their fullest and then
sdding leveling torque as necessary to relevel the CV), and maximum (based
on no air shocks and leveling torque such as to transfer 25 percent of the
hitch load to the front axle). Based on results presented in this volume,

front wheel drive tow cars will find these boundaries somewhst conservative.

Combining the trailer and tow car stability boundaries results in an
integrated handling compliance plot for each trailer. Figure 1ha, b, and ¢
show examples of this format for the three trailers tested in this phase.
Note that the minimum tow car size is equal to greater than the trailer
weight; a good rule of thumb. Also, the front wheel drive tow cars allow
a lighter hitch load than an equal weight front wheel drive car, In either
case the optimum hitch load for the minimmm weight tow car is about 15 per-
cent. This figure is another common rule of thumb. Increasing the tow
vehicle weight rating quickly opens up the allowable hitch load region.

This consistency implies a proper selection of the performance criteria.

Although the trailer examples presented in Fig. 14 give a good overall
picture of the tow car/trailer tradeoffs, application by a user probably
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always will start with a specific tow car. In this case, the upper hitch
load limit may be dictated by the tow car manufacturer due to limitations
of power, cooling, structure, etc. Generally, the manufacturer's limit
will occur prior to reaching the stability limit., For example, many sub-
compacts recommend hiteh loads no more than 100 1lb; whereas Fig. 14 would
allow up to 40C 1b. In short, manufacturers' maximmm hitch load recommenda-

tions should always take precedence.
3. Handling &nd Braking

No additional handling requirements appear necessary in order to meet

the brake in turr perfermance reguirements. However, unbraked trallers
weighing more than 67 percent of the tow car cannoct decelerate at a 0.k g
average. Since tow car lockup determines the transient tow car stability
change it is recommended that if the CV cannot decelerate at 0.4 g, the test
be conducted at the maximim deceleration with lockup of one wheel on cne
axle permitted. In effect, the combined handling and braking performance
eriteria stated previously should be changéd to read:

All combination-vehicles should demonstrate maximmm

deceleration (with tow car lockup) or 0.4 g decelera-

tion (whichever occurs first) durin§m0.3 g cornering,

without incurring transient oversteer for longer than

1 sec duration.
If additicnal tests are conducted with passenger cars that exhibit rear wheel
l6ckup {in straight ahead braking) it is recommended that they be tested with
minimum hitch load treilers in order to represent the worst case condition.
Previously, with front wheel lockup tendency, the maximum hitch load configur-

ations (with no trailer brakes) represented the worst case,
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APPENDIX A

TOW VEHICLE AND TRAILER SPECIFICATIONS

This ap?endix contains all the relevant specifications, measured para-
meter wvalues, and vehicle equipment descriptions for the two tow vehicles
and three trailers ugsed in this final test program phase. These data are
presented in Tables A-1 and A-2, respectively.

Individual tow car and trailer braking test results are presented in
Fig. A~1 for the Horizon, Figs. A-2 and A-3 for the surge brake gain of

the camper trailer, and Fig. A-4 for the electric brake travel trailer.

Since several questlions have come up regarding trailer roll-steer
effects, the roll steer coefficient of the travel trailer was determined
in Fig. A-5 to be 0.3 deg/deg.
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TABLE A~1. TEST VEHICLE SPECIFICATIONS
TOW CARS
EPICIFICATICRS TOWK-STZED COMPACT SUB-COMPACT
Vericle 1979-198C Chevrolet 1979 Plymouth
Citation Horizon
% Door Sedsn ~ Deor Sedan
VR 3571 1ib 3145 1
Front 2000 ib 1700 13
Zear 2T 1k 1465 In
Vericle Cargo Cepacity Bo= b 75 b
Passengers 5 Passengers 4 Passengers
Trank 150 1b | 115 1b
T
Curb Welgh= : !
Front © {760 1b obss
Rear 590 1b i 875 1b
Total 2130 1% ; 2300 1b
Test Weight {inzlucing
driver =it witheus .
riteh head) ; :
Front 1935 1b 1560 1b
fear 1200 1b 115 1k
Total 3135 b 2675 1b
Tire ¥ake Unirgoyal Fastrek Redisl Firestone Deluxe (hampion Radial
Size P 185/80 R 13 P155/80 R 13
tiom Pressure 26 psi 29 pai
Ioad renge B

Load capecity
Corstruztion of
Casing
Rim Width

1301 1b at 35 pai

2 ply Fibergless Belts
1 ply Polyester

3.5"

B

959 1t 8t 35 osi

2 ply FTibergiass Belts
1 ply Pelyester

L,s»

Steering Type

Overall ratio
Hysteresig with
no loag {at

steering wheel)

Saginaw Power Bocated Rack

Wheelbzse, £y
Qverhang to ball
hiteh, 2n
Wheel Track, Front
Hear

and Pinien i and Pinien
17:5 18.0

12,25 deg £2.25 deg
104,9" 9g9.2"

1&8" 35;|

8.7 55.5"
57.0" 55.1°

- Frons Suspensicon

Springs
Anti Roll Bar

Coil
Yes

Macpherson Struats Lower A-ATms

Macpherson Siruts Lower A-

Coil
Yes

f2ar Suspension

Springs
Antl Roll Bay

Bean axle on trailing arms,
¢ plus Panhard Rod
' Ceil
Yes

arms
Coil

of trailing arms

Sear Shocd Absorbers
Added for Hitch
Lead Capacity

Delco "Alr Lifs”

H

¥o Air Shocks awvaileble

3rakes
Front
Rear

Vazuwn Bocsted
Disge
D

Manual Operated
PDise
D

Ingine and
Transmission

175 1.3 V-
Automatic Transmission

105 C.I.D. 4 Cylinder Engine

Automatic Transmission

TR =117 41TV

A-2

Saginaw Power Bocsted Ragk

Semi~indesendent trailing

Yes, via beam Intersonnection




TABLE A-2.

TEST TRAILER SPECIFICATIONS

WEIGHT SPECIFICATIONS
TYPE | MFG. MODEL BRAKES
EMPTY TEST VR GAWR HITCH ILOAD MFG, /SIZE/ACTUATICN
Unility | U-Haul 92C 1500 2600 UNK 10 FPercent Hone
5 x5
3533AV380h
Cemper Starcraft 1430 1600 2090 2000 180 to 300 Bendix, Drum, Surge
Starmaster & curdt maximiei 7 X 1.75
1977
16 Ft Cal-Camp. 2200 hoo 12400 | 3000 Kelsey Hayes
Travel Mustang 10 x 2 in. Drum,
1510 Electric
a) Weight and Brakes
F E
LERGTH -
— f?fgtgﬁgg’xf§i BETWEEN | TRACK | TRAILER BOX | TONGUE | OVERALL Eé§g§N§P | ovearL |
TANDEM WIDTH | LENGTHE X WIDTH { WIDTH | HEIGHT N A
HITCH HEIGHT
AXTES
Utility gp+ NA TH" 9)"_" ® BO" §+1 it 81 '5" 15‘517 11 |‘_,,5-r
Camper 1250 KA 56.375"} 12k.3" x Bo» 50" 53.5" 15.5% 153"
16 Ft 140.5" WA 66" 159" % 8o" b5 T 20" T
Travel
b) Geometry
TIRES
TYFE MFR., RATED CASTNG REC. | WHEEL SUSPENSION TYPE
MODEL ShZE Load | consraucrton | e | RIM
= CAPACITY * PRESS. | WIDTH
Utility Coodyear |670-1517 | cv Bias ks psi | 5.25"] Solid beam axle
U«Haul 1530 1b 4 ply Leaf springs
Traction at 45 nylon Compression shackles
Hi-Miier pal
Caunpep Goodyerr {B:5C-12 ol Bias ply 80psij — Solid beam axie
WL+ Lander 10ks 1n leaf springs
CT at, 80
psi
16 7t Bridge- [T7:00x1k ¢ mgr 4 piy 36 psi | 5.0" | Solid beam axle
Travel Stone 1430 1b Polyester leaf springs
at 36 2 ply nylon Compression shackles
psi helt J

¢ Tires and Suspension
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Trailer: Comper

Test Wgt: 1800 b

Axle Load: 1440

GAWR: 2090

Hitch Load: 10 % (1601b)

Data Run No. 136 - 142

Broke Type: Bendix Surge Brakes

1000 Je =)  Wheel Lock-Up

800

600

Slope = 4.65 Ib/psi

Brake Force {lb)

400

200

I 1 i
0 100 200 300 400
Hydraulic Line Pressure (psi)

Flgure A-2, Brake Fcrce vs. Hydraulic Line Pressure

for Surge Brake Trailer

TR-1114-1-IV A-5

1
500



400

Camper Trailer
Dota Run Ne. 248

300

200+

Hydraulic Brake Pressure ( psi)

100 1~

Surge brakes have a high
amount of friction, which
causes large hysieresis
and discontinuities in the
dota.

The doshed line is the best estimate
of the slope, when the friction
would be relieved by chassis
vibrations.

Average Slope = 46 psi/lb

Surge Gain= 4,65 1b/psi{Fig. A-2) x 0.46psi/lb= 2.1

Figure
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i 1 . 1 ‘
200 400 - 600 800 1000
Appilied Horizontal Force at Hitch {(Ib)
A-3, Hydraulic Brake Pressure vs. Applied Horizontal
Hitch Force, for Surge Brake Trailer -
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Troiler : 16 ft Trovel
Test Wgt: 30001b
Axle Load: 27001b
GAWR: 35001b
Hitch Load: 10%

Data Run No: 153-159
Brake Type: K.H. [0 in,

Very Light
Incipient Lock-Up

1500 Qommrme(D~t—Hard Lock-Up
1000
)
=
©
o
&
S -
)
;:
500
J | | |
0 2 4 8 i0
Trailer Brake Voltage
Figure A-Lk, Brake Force vs, Applied Trailer Brake Voltage
for 16' Travel Trailer
TR-1114-1-1V A-T
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APPENDIX B

RUN I0G SUMMARY

This appendix contains a complete listing of all tests recorded on FM
tape. Tables B-1 and B-2 detail the exact run numbers asscciated with each
test. These run numbers can then be associated with tape footage numbers
on two FM tapes by reference to the raw run logs kept with the FM tapes.

A description of the FM tapes (i.e., sensors, scale factors, center frequency,

etc.) was given in Vol. III, Apperndix B.
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TABLE B=-1.

CITATION TEST RUNS

TRAILER PER;EM SLB OTHER BIT FST CRT
None —_ 1=10 12-20 11, 21 Low
Car=-fAlone ’ Gain
J-HAUL
1000 1b 16 22-%5 36w3G
1500 1b 20 R 1Y
1500 1b 15 Y752 L16-hE |5%a5 L1a
1500 1b 10 61-67 58=59 58

' |
1500 1b 5 70-T78 79-80 |69 Low Gain
1500 1b o] 85«91 818k
2600 1b 10 96~10k 92-35
CAMPER
1600 1b ! 15 105106
i 10 112-121] 1%6=142 108-111 [107
{BTA) _
5 ! 122-19%
1
0 124126
No Brakes 10 | 127-13%5 1434153
Low Gain
No Brakes | 10 154161
Rerun |
U-HAUL
1500 1b 10 162-172
Rerun
TRAVEL
2500 1b, 10 1731832 186-191 [183b-185
(BTA) Low Gain
100% Br. e 1214 215.220
201205
0% Br, 10 1G2-200
50% Br. 10 | 206-213
5 207231
1% 204226
Kone ! 232-2u1 2L3 Low Gain
Car Alone
Surge Br. 2LEIBTAY :
Gain
Viheels OIT talT
Gr. + T.T. j

TR-~111hwl=TV

B=Z




TABLE B-2. PLYMOUTH HORIZON TEST RUNS

maniEr  |PEROET s1p OTHER BIT PST | CRT
ﬁone 1=11 (Br. Gain)} | 12=19 20 (Hi Gain)
Car-Alone 124-132 13% {Low Gain)
U-HAUL
1500 1bs 20 %5 (Hi Gain)
15 ZEall 4WT-52 |h5-4E | 53 {Low Gain)
10 54wb0 61-6% 64 {Lew Gain)
5 6668 65 (Low Gain)
o Th=82 69-72 | 73 (Low Gain)
U~HAUL
2600 1b 5 203-20kL
10 86-95 8385
CAMPER
1600 1b 15 ) 96+ 104 1105=106
10 109-114 | {SIB .6g 107-1081 115 (Low Gain)
Tow Car)
13416 | 1h7-152
5 116-118
0 : 119-12%
TRAVEL
3000 1b 10 (BTA)
153=159
TRAVEL
2400 1b 15 160=-162
' 5 163=167
10 168-176 1 (.6 g 192 189-191 | 200 Step Sp.
T.C. and | 197 and Coastw
100% T.T., Note Down
Br, SLB)
i 177-182
10 (.6 |198-199 201 Contin,
, T.C. No | 100% TB Sp. and
| T.T. Br. Coast=-Down
SLB)
18%-~188

TR=111kw1-IV B-3






APFENDIX C
STRAIGHT LINZ BRAKE TEST DATA

Table C-1 and C-2 present all tow vehicle alone and ccmbination vehicle

data for the Citation and Horizon, respectively.

TR-1114=1-1IV C-1



PABLE C-1. STRAIGHT LINE BRAKE DATA FOR CHEVROLET CITATION
CONDITIONS
RUN TOW PEDAL AVG
TRATLER| WEIGHT|HITCH! TLOAD LOCK-UP; SDig
W0.! VEHICLE Losn | evarvg| FORCE + STD. DEV.
1]Citation |None 3200 1 - — | ks NO 98.9 | Press too low
2| Alone 57 : RF 95.1
%1 {3200 1bs) 50 :  NO ok.3 {88.0% k4,1
b 50 O 85.9
=l Before CV 51 NO 8L.8 186.9+k,0
-6l Tests osp NO 85.4 (No” Lock-Up)
7 L 53 | Mo |87.9 )
8 , 53 NO 82.8
9 % 52 IF 19241
10 | 57 RF | 86.1
232|Citation |None | 3200} - - 50 NO 116 ‘P‘ress too low
253! Alone : 50 I
234 70 |- BF . 90.7 t
235 | After CV 65 E
2361 Tests ‘ 65 ; :
2571 65 NO 86.9 190,643
258 65 No |8k |
259 6 | I o2 |
eho. i > ) IF  193.1
2l ? |65 | CLF [96.1
: ]
o2|Citation | U-Heul | 1000 | 10 NO | 4B NO {118
23| P L8 NO 101
ok L 50 BF 1107
25 | i PoLs BF (113
o6 ‘ | b5 ! RF 1106
27 ? 40 |RF INC. ‘101 {107
28 40 NG 107 15,7
29 ho . BF {108 105
30 ! ho . IF 109 7.5
31 ; 38 | LF  Abort |(No Lock-Up)
32 ; 35 ¥o 102
33 { - NO  iAbort
3k ? : 38 NO 112 |
55 : 38 o 98k !
i
bl % 1500 | 15 o 38 No 118
48 | 35 O 117
49 ! 37 NO 115 {120 +4.5
50 Ll BF 117 1117%1.5
51 Lo BF 127 i{No Lock-Up)
52 38 BF 123
TR-1114=1-IV =2




TABLE C-1. CONTINUED
CONDITIONS

RUN TOW PEDAL AVG

: TRATILER|WEIGHT|HITCH| LOAD IOCK-UP| SDLo
NO.| VEHICLE LOAD | LEVELING FORCE + STD, DEV.
f1!Citation |U-Haul | 1500 | 10 NO ko NO 124

62 38 NO 116 A
63 X NO  bort 116 £ 4.6
o ; %8 NO 110

65 ; iT] NO 116

66 { Lo NO |11k

67 i i L0 WO 115
162 Rerun Same Condition : Lo NO 120
163 Switched Front/Rear ! L7 No o |115
164/ Tires a7 0 v (kb
165 l 52 NO 115
166 ! 55 o 113 |114£3.6
167 i | 58 oo (111
168 ‘ &3 ¥ 1109 {11k 3.4
169 &7 NO 111 | (No Leek)
170 3 BF 119
171 70 BF 17
172 65 RF  Abort

PR - i S -

70lCitation |{U-Haul | 1500 5 NO | Lo NO 120

y&! , 37 NO Abort

T2 ! 37 No {115

73 ‘! 1 Cox NO 114

Th g ! | Lo O 120 {117 2.5
5 | E L3 NO (118 J117%2.7
76 ! ho NO  |Abort | (Mo Lock)
71 Lo NO 115

78 bs RF 118

85 1500 0 NO Lo NO  |Abort

86 ' 40 o  |108 |

871 4o NO 112

881 ; ko NO {113 (11227
891 ] ] 40 NO 110 1111 £2.,0
90 | | 4o NG 1112 |{No ILock)
91 ‘ ’ I Lo RF 1116

. ! | 1

96 2600 5 10 NO L3 RF (143

97 P 35 RF 145

98 : 33 RF Lhort

99 2 KO  |Abort [155+ 7.8
100 20 NO 158
101 30 ite] 157 159+ 2.5
102 30 NG 158 | (Mo Lock-Up)
102 35 No 161
104 30 NO 163
TR-1114=1-1V C-3




TABLE C-1. Continued
CONDITIONS

RUN TOW PEDAL AVG

- TRAILER|WEIGHT|HITCH| ILOAD LOCK-UP| 8Dyo
N@.i'VEHiCLE LoAD | LavEnThe| TORCE + STD. DEV.
112|Citation |Camper | 1600 | 10 o] L5 BF 111
113 with 38 KO 115
11k Surge 35 BF 116
115! Brakes 38 BF  ibort |113%1.6
116 30 NO 115
117 33 No 112 113 +1.2
1181 35 (o) 112 | (No Lock-Up)
119 33 No 113
120! : 33 NG 11k
121 %o | BF |11h
127|citation |Camper | 1600 | 10 No | 42 | NO 121
126 No P k3 RF 128
%29l Brakes C 43 RF 126
130 35 O 121 126+ 6.3
131 | 3 | w1128
132! 37 NO 132 {126+ 7.k
133! 33 No 137 |(No Lock-Up)
134 {35 KO  Abort
135+ 42 NO 118

e -

15k Rerun Same Condition Lo NO 135
155 | Front/Rear Tires ko NO 12k
156 Switched ; Lo i) 120
157 | : 50 1 NO 120
1581 | 5 , No 123 |123£5.3
159 ; 4 ¢ MO 120 |Same/No
160 45 | =% |119 |Lock-Up
161 52 o] 120
201 {Citation 116? 2400 X WO  |Abori: |
202 Travel | Full \ 37 | LF,IT {97.7 1
203 Brakes| 10 37 ! BF,BT |97.0 |
20k 38 | BF,RT |97.3 [98£1.7
205! 35 | BF,RT |96.9 |Including
21 37 RT  |101 |Lock-Up
..,,,,_"M..i,k,k, . R . i JR P K e = J T
206 citution  [16° | =84 | 10 37 ¥o 121
07! Brakes 36 -~  Abort
208 i(7oo 35 - 11k
209 1) 28 - 111 Jiikx k.9
210 37 - Abort
211 36 - 118
212 37 - 108
213 35 - 111

TR=1114~1-IV
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TABLE C-1. CONCLUDED

CONDITIONS

RUN TOW PEDAL AVG
TRATILER | WEIGHT |HITCH! ILOAD IOCK-UP| SDhg|

NO. | VEHICLE TOAD |LEVELTG| FORCE + 8TD. DEV.

192 | Citation! 16° Ne 10 37 No 146

193 Travel | Brakes by 139

194 50 LF 183

195 b7 136 |

196 W7 BF 149 |1k1 26.0

197 ko 141 138 £ 5.3

198 50 132 | (No Lock-Up)

199 ko 133

200 ko RF 146

TR=-1114=1-1IV Cw5




TA.BI.LE C""Et

STRAIGHT LINE BRAKE DATA FOR PLYMOUTH HORIZON

HITCH AVERAGE
RUN| TRATLER PEDAL | LOCK- TEST RUN STOPPING
wo. | wergrr | 0P | rorce| wp | PO | OF BSSTL prsmance wor usmD
1 3.5 220
2 57.5 — Brake Pregsure Too
3| None 70 115 Iow
4 85 Okt
51| Car Alone 95 BL
6| Before CV 95 T8.7
7| Tests 97.5 LR 81.2 | 79.33
8 95 LR |- TRT
g 90 82.9 | 2,45
10 92.5 76.6
11 82.5 76.9
23 | UnHaul 10 | 65 159
2% | (1000 1b) 8o —
25 J& 122 Brake Pressure Too
26 85 109 Low
27 o5 101
28 95 -
29 102.5 90.95
30 102.5 89.8 | 88.16
31 105 86.85
32 100 85,0 | +2.09
33 100 85.45
3k 107.5 | LR,RR | 86.9
36 | U-Haul 15 1100 110 Initial Run -,
37| (1500 1v) 102.5 — Brake Action Released
38 100 RF 98,2
39 100 RF 99.65| 99.34
Lo 7.5 RF {102 , Inconsistant Run -
1 92.5 o8.6 | #1.18
2 95 101.3
L3 95 8.4
4l 92.5 99.9
5k | U-Haul 10 95 102 Initial Run
55 | (1500 1b) 95 99.6 | 96.30
5 95 Gh,6
7 95 95.2
58 100 97.5 | £2.75
59 97.5 98.6
60 102.5 Ir | 92,3
TR-1114~1-IV Cw6




TABIFE (C-2. Continued

RuN | TRaTLER |1 peban | ook- | o |STERACE] st rum sToPPING
NO. WEIGHT g FORCE | up 40 SI; DISTANCE NOT USED
74 | U-Haul 0 * LR,RR | CV Jack Knifed

75 1 (1500 1b) 80 116

76 80 116.5 1 115.38

77 80 113.8

78 80 115.5

79 8o 117.5 | £1.93

8o 85 116.6

81 80 Inconsistent Run
82 g0 112.5

B& | U-Haul 10 80

&7 (2600 1b) 80 127.87 Iow Brake Pressure
88 ) 126.7

89 90 | LF,RF {129.0

5.8 +0.76 | No Brake Acticn
N 90 127.7

g2 90 127.7

93 9 128.3

Ok 97.5 127.8

95 92.5 Inconsistent run
109 | Camper 10 85 113

110 | {1600 1b) 90 110

111 0 113

112 | No 90 109

113 | Brakes o0 113 Brake Pressure
114 90 112 Too low

‘ Rerun

134 85 No Act.
135 85 122
136 e 108
137 95 108
138 95 105
139 100 100.7
140 100 100 97.79
141 105 No Brake Action
142 102.5 95.8
143 105 LR 93.3 | +2.82

1hi 105 IF Irconsistent Run
145 100 97.6
146 100 §99.33 }

TR~-1

*No Force on paper.
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TABLE C-2. Cencluded

HITCH b AVERAGE .
RUN [ TRAILER PEDAL | LOCK~ | oDy - TEST RUN STOPIING
NO . WEIGHT L?ﬁD FORCE | UP 'O |OF BEST DISTANCE NOT USKD

f
147 | Camper 10 82.5 117.051 117.68
148§ (1600 1b) 85 118.2
149 | No Brakes 8s 117.361 #1.47
150 | .6 g Tow 5 117.7h ‘
151 | Cax 8% 120.1
152 P 87.9 115.65
168 | Travel 10 92.5 87 Low Brake Pressure
169 | Trailer 102.5 | RF B4 Tneonsistent Run
170 | (2400 1b) 95 82.0 | 79.43 '
171 1 100% 100 7.3 ’
172 | Brakes g7.5 | R¥ Ineonsistent Run
173 | g97.% | RF 80.6  =1.89
174 95 77.8
175 95 773
176 95 | 80.6
177 | Travel 10 8o 87.7
178 | Treiler 82.5 8o.6 | BA.86
179 i (2400 1) 85 87.1
180 | 100% 85 91.5% | £5.19
181 | Brakes 85 83,95
182 | .6 g Tow 87.5 88.3
Car
_ U e .
183 | Travel 10 80 134,9
184 | Trailer 8o 138.9 | 137.22
185 | (2400 1b) 8o 137.2
186 |Wo Trailer 82.5 136.4 | +1.83
187 | Brakes 8o 139.8
188 | .6 g Tow ™ 136.1
Cax :

TR-1114=1=~TIV c-8



AFPENDIX D
TRATLER DAMPING RATIO DATA

This appendix presents individual pulse steer tesgt results for all
combination-vehicles, Table D~1 presents the Citation tests and D-2 the
Horizon tests. BPBoth damping ratic ({) and natural frequency {wn), in
radians/sec are given. The four run average was used in deriving the trends
presented in Section IV The individual test data were derived by fitting
a pure second order system to the measured hitch angle response. Examples
of this fitting procedure are shown in Fig. D-1 through D-4 for the
Horizon/Utility trailer at 0, 5, 10, and 15 percent hitch loads respec-
tively.

TR-1114-1-1V D-1



TABLE D-1.

COMBINATION-VEHICLE DAMPING RATIO RESULTS
WITH CHEVROLET CITATION

HITCH AVERAGE
TRATLER RUN SPEED —
TRAILER IQAD - 4 on
WEIGHT (%) NUMBER | (MPH) 4 Wy
Utility 10C0 10 36 55 275 ] 5.76 | L3277 | 6,28
37 55 248 1 7.15
38 A 55 ko5 | 6.be
B 55 321 | 5.92
C 55 356 | 6.21
D 55 .256 | 6,24
39 b5 343 6,17 | L3831 617
1500 15 54 A 55 B0k | 6,47
B .55 087 16,06
C 55 2h6 | 5.3
D 55 198 | 5.95
55 45 Lo | 6.88 i
56 A 35 [.382 [ 7.71 | .LOT . 7.59
B 35 431 7.46
¢ by B57 1 7.48 ) L2k 7,28
D L5 L3 7.4
57 A 55 258 | 7.49 | 1T | 6.21
B 5 589 1 5.75
10 58 A 35 320 ko2 |.320 | L.o2
B L5 27 | 7.10 | W27 17410
59 B 55 .28 — .25
C 55 .25 —
D 55 21—
L5 794 | 35 1.301 [L.69 |.361 |5.17
! B 35 420 15,65 :
a C 45 | .266 |5.97 | .255 |5.36
' D 4y =L S I
80 A 55 .252 [ 4.52 | .18 5,44
B 55 132 | 5.3k
C 55 096 {6.15
! T 55 113 5,78

TE-1114-1-TV




TABLE D-1. CONTINUED
HITCH AVERAGE
TRATLER ; RUN SPEED
TRAILER | yE16mT I@f‘? womeez | (eR)| & | “n t | o
Utility 1500 o 81 A 25 L2603 | 5,08 | L1854 | 5.13
B 35 L105 § 5.18
82 4 Le 128 | .27 116 | 5.531
B 45 10k | 8.3
C 55 071 D 847 1 L0761 5,51
83 A 55 087 1 5.35
B 55 L0685 1 5.81
8l 55 .083 | s.ko
2600 10 92 A 25 248 | 5,21 Dbkl 5,05
B 35 66 | bLoo :
C 35 302 1 5,52
D 35 360 | 537
E b5 k6 1 5,30 | Lok | 5021
F L5 Jhe b0
g3 A 55 .183 | 5.5%5 L1832 | 5.h0
B 55 .189 | 5.50
c 55 212 | 5,3k
D 55 .153 | 5.40
oL A 55 178 | 5048
B 55 167 | 5.56
c 55 199 | 5.17
D ) 161 | 5.8k
95 A 55 183 | 5.24
B 5 205 1 5.19
Camper 1600 15 105 A 35 572 | L6t 511 1 L8
B 35 .M?_r?ﬂ? :
C b L2961 5.13 | W335 1 LL76
D S 352 { 4.85
E 45 361 0 4,37
F s _5220 4,69 L
106 A 5 L2553 | 5,01 OTh AL TT
B 55 276 | Logs
c 55 | .292 | 4,36
D 55 275 | b.75
TR-1114-1-1IV D-3




TABLE D-1. CONTINUED
: HTTCH AVERAGE
TRAILER RUN SPEED
TRAILER | Yprgpr | OA | waper |[(eR) | 5 | “» : w
{%) ) L “
Camper 1600 10 108 A 35 291 | 5.35 | L3221 | 4.B5
B 35 355 ¢ L.8L
c 5 .30k _m%tgﬁn
D L 286 | 4.50 | 248 | 4,53
E Ly Lo L LoED
k) L5 207 | .77
109 A bs |..e20 | k.62
B LS 250 | L5
C b5 =T I T
110 A~ 45 295 | 5.00
B L5 .20k | k.59
C b 282 | LL68
D ) 258 | 4.ho
E |* 45 240 | 4,50
F 45 L2585 ¢ L ko
G L& 236 4.40
H __E; .388 u,n5
111 A 55 .182 | b.65 | .190 | u4.L8
B =5 .211 | .38
o 55 1TT | B.B6
D 55 .191 | 432
5 122 A 35 L250 | ki 236 1 4,54
B 35 211 | L.88
C 35 ok | BU36
D 35 2hr § hLs0 .
E 45 167 | koik ) 183 | L3
¥ 45 L199 1 b.L2
12% A 55 | .1h2 | 4,28 | 143 | ko5
B ! 55 .151 | 3.83
¢ 55 89 3,97
D 55 131 | 410
0 124 A %5 199 | k3L 231 | b33
B 35 .15h | 4.2
C 35 3hg 1 4,06
D 35 . 221 4,45
E k5 120 L k.25 | L11d | b2k
F 45 L1161 425
G L5 L105 | 4.2

TR-1114=1=IV
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TABLE D-1. CONCLUDED
HITCH - AVERAGE
TRATLER RUN SFEED
TRAILER LOAD !
WE;GHT @) §UM%%§ FMPﬁ) ?“ﬂ tn 3 o
Camper 1600 o 125 A 55 L0871 | 3.95 | 062 | 3.99
{Cont} B 55 | 060 | 3.93
126 A 55 | 062 | b2
1 7 ? 55 . ,0&3 | 3,87
Travel 2400 10 186 A z 281 L.og | 276 | 4.00
B 35 2271 | 3.9
c L5 .200 | 3.50 | .195 | 3.82
D ks 76 | bk
187 A 55 114 | hoot | L1138 | 3.96
B = 137 | 400
1688 A 55 129 L0t
B 55 L2 ¢ h1h
C 55 119 1 416
D 55 L1bs | 3.6k
E 55 195 | 3.72
189 A 55 L1881 Lo
B 55 .118 | 3.78
190 A 55 12 1 k19
B 55 .156 | 3.78
c 55 37 | 3.9
191 A 55 .086 | 4.09
_ B 55 198 | 3.85
15 2ok A 35 318 | k21 | 318 | h2
B 23k | 3.9
¢ L5 . 201 L 19
D | 5 | 266 | 3.67
225 A 55 | .178 | k.18 | .217 | 3.9
B 55 219 | 3.62
226 A 55 L1841 L1t
B 55 250 | 3.81
c 55 2535 | 3.81
5 227 A 35 ATT | 1B ) U196 u.ai
B 35 —_— s
c 35 .195 | .25
5! 35 | 217 b5
P28 A | 45 | 163 | 3.72 | .165 | 3.7
B | ¥ 67| 310
229 55 004 1 ko1 LO98 | 3,92
230 A 55 L1558 1 3,85
B 55 L1H1T ) 3.97
C 55 082 | L,ok
231 A 55 065 | 3.84
B 55 .083 | 3,76
C 55 L0664 | 3,85
TR-111h=1-1V D-5




TABLE D-2.

COMBRINATION VFHICLE DAMPING RATIO RESULTS

WITH PLYMDUTH HORIZON

HTTCH AVERAGE
TRAILER RUN SPEED
TRAILER IOAD ¢ o
wazsgf (%) NUMBER | (MPH) i o,
Utility 1000 10 o1 A 35 251 | 6.63 | .256 | 6.7k
B 35 261 | 6.85
¢ Ly 187 | 6.76 | 181 6.865
D HE AT5 3 7.00
o2 A 1 55 160 (6.2 | L1685 | 6.9
B 55 154 | 6.67
" 55 L1621 6,91
D ) .18k 1 6,87
0 202 A 55 089 | 6.Lb
o B 55 107 | 6.34
c 55 089 | 6.39
D 55 096 | 6.27
1500 15 45 A 35 53k | 6.5 | LLEB | 6.53
B 35 361 | 6.6
C 45 .37 1 6.80 | .308 | 6.62
D L5 279 | 6,43
hé A 55 o272 | 6.32 | .5k | 6.50
B 55 249 | 6.3k
C =5 262 | 6.15
D 55 .25G | 6.53
E 55 250 | 7.15
10 61 A 35 353 | 6,26 | 320 | 6.40
B 35 .g@z 6.54
C 45 235 | 6,32 .20k | 6,37
D L5 1?33 6. 41
62 A 55 56 | 6.72 | 173 | 6.50
B 55 L1611 6.57
C 55 197 | 6.45
D 55 .192 | 6,09
63 A 55 .185 | 6.59
B 55 LMl 16,57
5 66 A 35 143 | 6.10 | 183 | 6.1
B | 35_|.e22 |6.12
c L5 L106 | 5.98 | L1084 | 5.98
D Le eisy 5.97
TR-1114-1-1V D-6




TABLE D-2. CONTINUED
HITCH ‘
rrarier | TRAILER | 10D RUN | SPEED AVERAGE
WEIGHT | (%) | WMBER | (aFH) | © ®n ? e
Utility 1500 5 67 A 55 Okl 15,7 L055 5.91
{Cont) 55 Oz | 5,92
68 A 55 063 | 6.03
55 072 | 5.99
0 69 A 35 76 | 6.32 0 L1166 6.2&|
B 35_ 155 | 6.16 o
C Ls .092 | .07 | 088 | 6.0k4
D L5 .08L4 | 6,00
A | 5 | .ok2l 5.79] .039 | 5.68
B 55 032 | 6,01
€ 55 .036 | 5.61
T2 A 55 L0bs 5 ko
B 55 .039 | 5.60
2600 10 83 A 35 213 1 5.66 1 225 | 5.77
B 35 228 | 5,76
c 35 .232 | 5.92
D 35 .2§§~W§g75
B4 A k5 153 1 5.52 | L1853 | 5.53
B L5 .152 | 5.49
¢ L5 .154 | 5.55
D ks Lasa 5.56
85 A 55 L088 | 5,51 101 | 5.47
B 55 L105 | 5.56
C 55 095 | 5,47
D 55 104 | 5.32
5 203 A 55 L0856 | .66 | 082 | L.ED
204 A 55 O | 4,53
Camper 1600 15 105 A 35 .500 | 4.60 | .B16 | 4,78
B 35 368 | 4,83
o 35 .380 | 4.86
] s L2095 | L,77 i L2888 | 4.65
E bs . 281 4,52
106 A 55 222 | L.63 ) .24z | b.52
B 55 o8 | L4.62
c 55 .252 | L.
D 58 o558 | k.59
E 55 .2%6 | L.36
TR-1114%-1-1V D-7




TABLE D-2. CONTINUED

HITCH AVERAGE
, TRATLER RUN SPEED
TRATLER 1 ymraue %%f? wpER | (PH) | S “n t o
Camper | 1600 10 107 A 55 L1830 b.8o | 161 | B.B6
(Cont) B 55 158 | L.BL
C 55 .185 | 5.06
D | 55 | .157 | k.76
108 A 35 336 | k.55 1 L322 | bbb
B i 35 308 | k.36
c 45 237 | bk | 228 | k.ep
D b5 219 | L8k
5 116 A 35 192 | book | 198 | h.o2
B 35 o0k | 4,89
C ks 2165 | 4.86 ] .157 | 4.68
D ks L8 1 L,70
117 A 55 .110 | 4.60 | .100 | 4.66
B 55 100 | 4T
c.l 55 .109 | 4,58
D 55 100 | 4.66
118 & 55 088 | 4,67
B 55 091 | 573
0 119 A 35 206 | k.o .23 | k81
B 35 261 | 4,70
120 A 55 OTh | LB | L076 | BLk2
121 A 55 075 | k.52
122 A 55 L080 | L4.36 |
125 A 55 075 | k.35
Travel 2400 15 160 A 35 357 | 3.81 | .331 | 3.98
. B 35 305 | By
C bs 250 | 3,88 | 243§ 3,91
D 45 236 1 3.04
161 A 55 Lok 1 ko9 | 19k | k.35
B 55 216 | L. up '
¢ 55 .150 | L. k2
162 A 55 170 | k.Le
B 55 216 | LT
c 55 .220 | 4.37
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TABLE D-2. CONCLUDED

HITCH AVERAGE
TRAILER RUN SPEED
TRAILER | ‘\ooeom zﬁff NUMBER | (MPH) | O “n t aoy
Travel 2400 5 163 A 35 Lo06 | B3 L L o3t L Lok
(Cont} B 35 L056 | 4.1b
C L5 L6 1 L1918 ] ka0
D L5 4L 1 blo0
164 & 55 LO58 1 b2k | L06T | 4.05
B B . 091 ko7 '
165 A 55 L063 | h,00
166 A 55 L.080 | 3.95
167 A 55 OEE | ba15
B | 55 L055 | ko1t
c 55 058 | 3.85
10 189 A 35 .259 1 4,30 | .280 | k.26
B 35 . 501 L, 20
¢ L5 208 0 L09 | L2121 Lo15
) e 196 | L.2y
190 A 55 b2 | koo | L1298 | k12
B 55 131 | 4,00
191 A 55 118 | .25
B 55 .125 | L.06
¢ 55 28 | L.09

TR~1114=1=IV D-9
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APPENDIX E

TOW CAR STABILITY FACTOR DATA

This appendix presents constant radius circle (CRT) test results for
all combination vehicles, In this test the speed and steering wheel
angle are measured as the vehicle is maintained on a 200' radius circle.
The driver attempted to maintain stéa&y copditions at 15, 20, 25, 27-1/2,
30, 32-1/2, 35 and 37-1/2 mph. Iateral acceleration is then calculated
from the average speed in any segment, l.e.; ay = %-. The average steer-
ing wheel angle was determined for the same speed segment, This is all
a completely automated analysis procedure in which the FM data is digital

and then aversged by digital computer.,

The understeer é;adient is then determined from the slope of the
steering wheel angle divided by steering ratio vs, lateral acceleration,
Since the slope changes asbove 0.3 g the slope from 0 to 0.3 g, as well
as the overall slope {from O to 0.45 g) was measured,

In Figures E-1 through E-18 the line drawn through the date points
represents a last square fit to the complete data set, The slope from
0 to 0.3 g is not drawn; only the slope is given,

TR-1114-1-1V . E-1
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