Development of Car/Trailer Handling and
Braking Standards. Vol. lll: Appendices for
Phase |
NTIS, November 1979

EDC Library Ref. No. 1083



DISCLAIMER

These materials are available in the public domain and are not copyrighted.
Engineering Dynamics Corporation (EDC) copies and distributes these materials to
provide a source of information to the accident investigation community. EDC

makes no claims as to their accuracy and assumes no liability for the contents or
use thereof.



PB80.1968637

LR MR LA

DEVELOPMENT OF CAR/TRAILER HANDLING
AND BRAKING STANDARDS

Volume Ill: Appendices for Phase |

Richard H. Klein
Henry T. Szostak

Systems Technology, Incorporated
13766 South Hawthorne Boulevard
Hawthorne, California 80205

Contract Ne. DOT HS-7-01720
Contract Amt. $245544

November 1979
FINAL REPORT

This document is avatiable to the U.S. public through the
National Technical Information Service,
Springfield, Virginia 22161

Prepared For

U.S. DEPARTMENT OF TRANSPORTATION
National Highway Traffic Safety Administration

Washington, D.0. 20530

REPRODUCED BY
U.S. DEPARTMENT OF COMMERCE

. NATIONAL TECHNICAL
INFORMATION SERVICE
'SPRINGFIELD, VA 22161

BUI HY-ouD 320



This document is disseminated under the sponsorship
of the Department of Transporiation in the interest
of information exchange. The United States Govern-
ment assumes no liability for the contents or use
thereof. ‘



Technical Report Documentation Page

1. Repoet No,

DOT~-HS-805 328

2, Govarnment Accession No.

3. Recipient's Cotolog No.

3 =Y

Hmam .
B0 pesgsp

Co-]

<

4. TiHe and Subtitle

Development of Car/Trailer Handling and

Braking Standards
Vol. III: Appendices for Fhase I

5. Reporr Date

February 19?97

6. Performing Orgonizoetion Code

8. Performing Otgonization Rapert Neo,

7. Authorls)
Henry T. Szostak

TR-1114=1

9. Performing Organization Name ond Address

Systems Technology, Inc.
13766 5. Hawthorne Blvd.
Hawthorne, CA 90250

10, Work Unit No. (TRAIS)

11. Contrast or Grant No,

DOT-HS-T701720

13. Type of Report ond Period Coverad

12, Sponsoring Agency Name and Address

Department of Transportation
N.H.T.S5.A.
Washington, D.C.

Final Report
8/77 - 11/79

14, Sponscring Agency Code

15. Supplementery Notes

14, Abstract

- This document contains supportive information relevant to the main

technical discussion and results presented in Volume IT.

This ine

cludes all relevant specifications and descriptions of the tow
vehicles, trailers, instrumentation, equipment, and test procedures

used in the test portion of the program.

Also included are sup-

porting data reduced from straight line braking tests, cornering

tests, and trailer damping tests.
analog tape.

Raw data are contained on 4 FM
A run log summary is presented fto ldentify conditions
of each test run recorded on tape,

17. Key Words

traller, traller towlag, vehicle dymamics
test procedures, handling, braking,
combination vehicle, standards

18, Distribution Storement .
Document is available to the publice
through the National Technical
Information Service, Springfield,
Virginia 22151

19, Security Classif. {of this report)

unclagsified

20, Security Clessif. {of this pogel

unclassified

21, Me. of Poges 22. Price

Foem DOT F 1700.7 (8-72)

Reproduction of completed page authorizad




TED0YED ON Beinely G5 SE20 #0tid Rnanairyy P Sl i mr)
"BRT TG TN SHN ORS SATORE IREE DI [RNT Gins SpianlD EDREE B0 01y C(AVRO] PEE 3 U g,

5 s . T =]
OM~ i o-o I o-- 1 ou i u.u i w E ) i 4 bl B .H.|||...... E
LN N e LAEE. LN AN A B | Ty rrtes = ————
qau 0 og o& Ovm- ] O [!m -
m o = ER A
do = _— -
e E o= 2
[ -t T [Foy- ] acmosichuey = =
™~ ooy , e ug syn) 2. - = ———
O ETTYTTEIT E @ = = - o
= oz L
o = T '
N spsed 2om s #2160 apgu o _—— = i
o wes KGN 14 Dsap Degrd ™ —= T ¥
ot - aro oy ' ud = =— !
w Euend w't s ' —E = - w
) syl vz ) § = 2 I o
e wa3uno pinyy e sy s = ._._
@ = .n}u
INNOA =
TR T
2=z -
YU Loy i (0% QL] sy 4 - —= - u-
4 Bpunot T samaBopy o ‘.I;.l}iim = u
0 Lo oo sl 8 = -
3 F o
TilismT S5vm g —E —_ =
—s = “
snsow Y] 1, 000"01 } s9sm130y L] a =3 ™ «.H
A S0} drenby o TGN 1 daenby NE._ w o e
) Spavk arenby T Bsp)au Quwhia & 5 = e
K ®oym gaenbe [T 511 )0eT mnba M0 = - o
5 —=
Yy —E
- o |- —
s = o uwy
) Lo 88 ROy umy = u
oh npmi vi 81w " » = = " wa
Y w0y P sampen w = = "
w aoyou e [Ty o z =
w L LT 00 BN LA T |||.....l.fm..i. ——
8 _TE -
HEBWIT — =
. [ = -
, , - ) C g I oqmig
kg puEg sj Ay Apdpinyy MODY SR) GoypR jequmly - uunum -
» = P
SEIRACHN IO WELj SuorsIsAue]) mlEW zeIEdy - E
4 = - o
=

]

SHOLOVI NOISHIANDD Jluiiwm

ornusadiian
LI TR

Fiopen JGno
LT T )
[T
sty
sany
sy

nRmaey
Bl erenim
LESE R T
V19300 Adenby
VIO D Gignhy

LT
REMIBY

18l Ty
L1037 P

 CTRTY

e

P WeyEang 3

(139%8) IHNIVEIANT]

[N ] RIEA iGNy ahl
(Y] bRty 3N o
[} oyl L
a4y L) Ww
e LT M
o L] 4
ot a0umo pangy ™y
1 wovodooigm deny
4 yeadenoy ds)
INA10A
(LR H]
[ ] oML L
o aprrad n
[ 14 DER ~m

Oulem) sy

o ooy

T LU T ] 2
Y] Spizh pionie o
&0 ey oA ™
g9 seypg acning o~
LELTY
gL L Lo g
&0 ptd ph
.3 = N
g Lo Sl o
Hi9Wi

iy fdney MOTY LI RO mmig

SOINSUEYE SHION 91 SEN[MINARG] RGOty

ii



FOREWORD

This document comprises Volume III of a four-volume technical report
aimed at developing car/trailer handling and standards. A condensed
executive summary of the program and kKey results is given in Volume I.
Volume II contains the main technical discussion and summary test results.
This volume contains appendices providing raw data and other supportive
material for Phase TI.

This program was accomplished by Systems Technology, Inc., Hawthorne,
California for the Office of Passenger Vehicle Research of the National
Highwaey Traffic Safety Administration, under Contract DOT-HS-T7~01720.

The contract technical mansger was Dr, J. Kanlanthra, and the STI project
engineer was Mr. R. Klein. The STI technical director was Mr. I.L. Ashkenas.
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APFRIDIX A
'TOV VEHICLE AKD TRAILER SFEOIPICATIONS

Tnis appendix contains all the relevant specifications, measured
paraméter‘valu@s, and vehicle equipment descriptions for the three tow
vehicles and eight trailers used in the initial test program, These

deta are presented in Tables A-1:and A2, respéectively.

In addition, there are extended descriptions of special design fea-
tures of geveral trailers where they relate to field test results. This
includes manufacturers recommendations posted on the trailers, tandem
axle roll steer effects, and the unusual pitch down behavior of the horse
trailer during brake stops.

IOADING RECOMMENDATIONS IN U~-HAUL TRAILER
Recommended loading for the U-Haul trailer was:
® Cargo capacity = 1,680 1b
Place 61 percent of cargo weight in front half

@ Hitch load = 10 percent trailer weight
@  Increase air pressure in rear tires of tow car 5 psi above normal
® Tie down partial loads to preveni cargo shift,

TANDEM AXLE ROLL STEER EFFECTS

The way in which typical trailer tandex axles are designed results
in a very large amount of differential roll steer iﬁ the front and rear
axles. This produces an effect on trailer swing motions and steady state
cornering equivalent to that of a heavier hitch load. Conseguently,
for these types of tandem axle trailers, there is the potential for an
iﬁbrovemﬁnt in trailer swing damping (over that predicted) but a loss
in the tow car understeer gradient during cornering. The following
analysis quantifies these effects.

TR=1114=1-ITI A-1



TABIE A-1

TOW CAR SPECTFICATIONS

—

Load capscity

Construction of
Casing

Rim Width

E
1620 1b @ 32 psi
2 steel ply belts
2 ply polyester
radial
T.OO"

B
1320 1b @ 2 psi
2 glass ply belts
2 ply polyester
bias~belted
5‘0011

Tow Cars
Specifications
Interrediate Compact Subcompact
1976 Chevrolet 1976 Plymouth 1978 Ford
Vehicle Monte Carlo Volare Mustang
2 door coupe 4 door sedan 2 door coupe
GYWR 5513 1b 4775 1b 3861 1n
Front 2727 ib 2550 1b 1942 1b
Rear 2786 1b 2475 1b 1935 1v
Veh. Cargo Capacity 1100 1k 1100 1b - 700 1b
Passengers ’ & passengers . 6 pessengers 5 passengers
Trunlk 200 1b 200 1b 100 1b
Curb Weight
Front 2320 1b 195¢ 1b 1515 1n
Rear 1820 1b 1480 1b 1200 1b
Total B140 1B 3500 1b 2715 1b
Test Weight {including
driver but without
hitch head)
Front 25L0 1b 2190 1h 1820 Ib
Rear 2120 1o 1840 1b 1510 1b
Total LE&6o 1v L03C b 3530 1b
Tire Make FPirestone Radial Goodyear Polyglass Michelin Rediel
Size GR~T0=15 Du78-14 BR78-13X
K¥om, Pressure 28 psi 32 psi (max. losd) 32 psi {max. load)
Icad range

B
150 1k @ 32 psi
2 steel ply belts
2 ply rayon

L.s"

Steering Type

Saglnaw Power

Beosted Recirc. Ball

Chrysler, Power

Boosted Recire. Ball

Ford Power Boosted
Rack and Pinion

Overall ratio 17.1 20.0 18.75
Hysteresis with o o o
no load (at T 11 i
steering wheel) -
Wheelbase, Jj 116.00" 112.80" 96.00"
Cverhang to
ball hiteh, 4y &2 ,s" 58.25" 4L8.50"
Wheel Track, Front 61.625" 59.50" 56.00"
Rear £1.50" 58.62" 55.00"

TR-111k=1-1I7



TABLE A-1 (Concluded)
Tow Cars
Speeifications
‘ Intermediate Compact Subcompact

Front Suspension
Max. Jcounce Travel

Short and Leng
Arm Independent

Short and Long
Arm Independent

Short and Long
Arm Independent

Available at Test 57" 7% il {no% obvious)

Condition

Springs Coil Coll

Antl Roll Bar Yes Yes Yes
Solid Axle Seolid Axle Solld Axle

Rear Suspension L Bar Linksge Pogitioned by Poaitioned by

Control Leaf Springs Teaf Springs

Springs Cell Leaf

Anti Roll Bar Yes Yo Yes

Max. Jounce Travel

Available at Test 5.0" 5.p54 b, 75"

Condition

Rear Shock Absorbers
Added for Hitch
Loa.d Capacity

Gabriel Hy-Jackers
"Atr Lift" Type

Gabriel Hy-Jackers

Gabriel Hy-Jackers

Vacuum Boosted

Brakes Menual Operated Vecuum Boosted
Froot Dlsc Dige ' Disc
Rear Drum Drom Drum
350 C.I.D. 225 C.I.D. 1ho €.1.D.
%rn‘gai? ;i:g? on Automatic Automatic Automatic
Transmlssion Transmission Transmission
TR-1114=1-I11 A=3




TABLE A-2. TEST TRAILER SPECIFICATIONS
Welght Specifications Brekes
Tvpe Kfg. Model
Mfg./Size/Actustion
Empty Test GVWR GAWR Hiteh Ioad & / /
U-Haul
Utility 5 x 8 920 1500 2600 10 percent | Nene
35338V 3694
Starcraft
180 4o 300 | Bendix, Drum, Surge
Camper S‘ca.r'angfr?er 6 h30 1600 2050 2050 surb max. frot u;ed.) ’
. Shasta 1750 3006, Dexter, 10" Drum,
18' Travel 1978 28% 2280 3388 3300 388 Electric
' " Kelsey Hayes, Drum,
19' Travel . Traveleze 3560 4000 (no tag) » Electric
. Prowler L 4000 2510 Dexter, 10" Drum,
22‘ Travel 1978 2316 >0 per axle Electric
Holiday Reambler
' Statesman 1000 3400 Dexter, 10" Drum,
e7' Trevel Series .127 5300 6000 €800 per axle Electric
1978
American %000 .
Trailer and Mfg.| 7 Atwoed, 10"Drum,
Boat Co. with 16' ;Ef:'f 2000 3100 3100 Surge
Glastar Bost ke
. 2000 Interstate, 10" Drum,
Horse ?zlﬁil:ea) 2020 hOOCJj {no teg} Electrie.
5800 On reaxr axle only
TABIE A-2 (Continued)
. Fl A
Dimensions
Type Wreelb L
eeibase, fg, g’:gg:gn Track Trailer Box | Tongue | Overall | T0%F 01 o oran1
Axle § to Bell Hitch | o 0¥ | Width | Lengbh X Width | Length | Helght ?f;i;‘ifi Length
Utimty 92" m 75‘!’ 9&" x &l! h-t i 81 .5H 15.5" 11|'*6N
Camper 125" NA 56.375"| 124.5" x 80" 50" 53.5" 15,50 15130
18" Travel 137" NA aL" 184" x ga¥ ~3" 100" 20.5" 17t =6"
19" Travel tha? A 76.5" 178" % g4" ~Iy 100" 17.5" A0
22% Travel 16h' 31.5" 81.5" 222" x gr.5" ~ 3t gg" 18.5" 21'-8" j
27" Travel 202,5" 33" 85" 300" x gy ~BEM 105.5" 1h,5 egraz”
35" in
Boat 183" =t Boat Alone Iront ,
3 A 57.5 220" x 86.5" of 1974101
Boat
Horze g2.78" 3z.57 78" 108" % &7 26.5" 91" 11.6" 10107
TR-1114-1-TII A=k




TABLE A-2 (Concluded)

Tires
Type Rated Rec, Wheel Suspension Type
s Size Load oo o | Tire | wim
: Capacity Press. | Width
Gg"gﬁf ne Blas Solid beam sxle
Utility Tr;cti on 670~ 15LT 1530 1b 4 ply 45 psl | 5.25" | Leaf springs
: HL MLl @hs pel nylon Compression shackles
. Coodyear . ot
Camper Hi-Lander 51 30-12 1045 1b Blas ply 8C psi — ?zl;dsbezm axle
GT @80 pel al springs
5 Sovdysar 8.55 x 15 B te Bias P Solid beam axle
18' Trevel bt Vel - L ply 50 pai | 6.00" | Leaf sorings
§.T. 8.1, 2000 1b nylon Compression shackles
o Blas S014d beam sxle
. T . non
19" Travel L%;?Ph T 20; 15 1723 ™ i ply L5 pst | 5.75" | lesf springs
nylon Compression shackles
dayton 78 | o oo g ' Solid beam axles {two)
22' Travel | Thorough- ‘S T. 1365 1b Bias ply 35 pai | 5.00" | Leaf aprings, tenslon shackles with
Bred ' @35 psi front to rear ipntereonnecting linkage
, P Solid beam axles (two)
Dayton . R Bias
c leaf springs, tension.shackles with
2m el | Th LO0- 00" | ’
T Trav Tr:z;:::ed 7.00-15LT 1520 1b iy?_i‘i 45 psl | 6.00 front to rear lnterconnecting linkage
Hydraulic¢ shock absorbers. at each wheel
Goodyear
Custon g 2 plz' ii‘;’;r" 80144 beam axle
Boat - Pawer H78-1%4 1770 1b Eglasly 1y- %2 pei | 5.50" | Leaf springs
Cushion @52 pel es}:er zz sing : Compression sheckles
Polyglass
Goodyear g Bias 50114 beam axies (two)
All | Leaf springs, tension shackles with
Horse Weather T-15 % 13 g;a% ‘2‘? b ?_ii 3 psi | 535 front to rear intercomnectlng linkage
haY) B ny. (see followlng detalled descriptlon)
_TR-HHLJ-III A=-5




Effect of Tandem Axle Geomatyry on Hook=up Factor

As déscribed in Section IV of Vol. II, "hook-up factor’ gives a rela-
tive indication of the lateral hitch force on the tow car. This force
is acting to cause a tow car yaw response in the same angular direction
as the trailer yaw acceleration, and is a maximum when the trailer swing

is at its maximom swing amplitude.

Tandem axle geometry effects (due to trailer roll) can produce a side
force at the hitch which 1s in the opposite direction, and thus will help
help to improve trailer swing damping. For example, at maximum trailer
swing, the trailer roll angle will also be at its maximam, and in the
same direction. Using Fig. A-1, it can be seen that if the rear axle
is steered clockwise and the front axle counter-clockwise (due to the
roll angle) the tire side forces resulting from this differential angle
will produce an opposite force at the tow car hitch,

TOW CAR

| /F,,

Figg:e A=71. Tandem Axle Rell Steer Effect on Hiteh Force

TR-1114~1-IIT A-6



In Fig. A-1, the incremental hitch force, AFy is given by:

Y
o3 €P Lax
I
where:
YQ5 = Trailer tire cornering coefficient
¢ = Trailer roll angle defined by the roll gradient
Kg, times the lateral acceleration (in g's),
i.e., ¢ = Kpay
€ = Geometric roll steer coefficient. From
tandem axle trailer chassis drawings a typical
value would be approximately 0.435
2sx = Tandem axle center to center distance
> = Trailer wheelbase (hitch to axle distance)

Since the lateral trailer force, Fy, in steady state cornering is the trailer
weight times the lateral acceleration, i.e., Wiay = Fy, then the ratio of

incremental hitch force to total lateral force is given by:

AP, ch Loy € Kg

Assuming typical parameters such as fgy = 33 in., e = 0.535, Kg = 5, and
Yoz (for two tires) = 300 lbs/deg

For the 22 ft travel trailer, fgp = 164 in, Wi = 4,000, then

AR, 21,500

. Fy ~ TLooo X 16k = 0.0328

TR-111L4-1-IIT A=



Since this factor is acting in the opposite direction to the regulsr hookup
factor given by Eg. 11 in Vol. II, it rust be substracted from it.

In terms of effective hitch load, the tandem axle design has the poten-
tial of increasing the hitch load by about 5 percent. This can be determined
from Table 17 in Vol. IT by comparing the hookup factors at 5 percent and
10 percent hiteh load, i.e., HUF changes from 0.094 to 0.063.

EFFECT OF TANDEM AXLE ROLL STZER
ON TOW CAR BTABILITY FACTOR

In steady state cornering, the incremental hitch force AFh, is acting
like an added hitch load on the tow car, i.e., acting on the tow car hitch
in a diregtion of decreasing umdersteer. For example, the ordinary lateral
hitch force due to hitch load is simply the hitch load times the lateral
acceleration. Thus the roll steer effect has a direct equivalency as a
hitch load, i.e.,

AF

h
aho= g
¥y

For the 22' travel trailer, the effect of the tandem axle roll steer
is a hiteh loed equivalent of:

300(%%)(0.1;35)(5) = 131 ,lb

Therefore the effect of the tandem axle roll steer is eguivalent to
adding 131 1b (or 3.3 percent) more hitch load.

It should be noted from the above calculations that the effect of this
tanden axle steer design feature is not a cure-sll, but merely & tradeoff.
The effectiﬁe hiteh load is incressed which produces lmproved trailer
swing demping at the expense of having less tow car understeer. - From a
practical standpoint the benefit of this feature is that trailers with
tendem axles may utilize .3 to 4 percent less hiteh load than an equivalent
single axle traller. ‘

TR-111L4-1=IIT A-8-



HORSE TRAIIZR TANDEM AXIE DESIGH

The tandem axle suspension design of the Btidham trailer uses tension
shackles. The way in which these tension shackles are interconnected, via
a pivoting lever arm, causes the suspension to be unstable in the pitch
direction. In other words, the lower the tongue the higher the down force
exerted by it. Not only does this effect interfere with obtaining consistent
hitenh load settings but it makes brake test§ mesningless.

.

The following brief description is provided to show why this trailer
suspension reacts the way it does. Figure A-2 shows the horse trailer
‘suspension orientation at & trailer weight of 4,000 lb. The shackle

orientation and static loads at 10 percent HL are given in Fig. A-3.

Figure A-2. Side View of Horse Trailer Suspension

4201ib 420 1b

| Z—— 6.25 in. -\ /‘R
B / ;BOOIb 2.25in.
Lo Qi}

N

7.75 in. .-—J,

Note: A%t & trailer welght of 5,800 1b, the angles were more
extreme, 1.e., the 6.25 in. dimension closing to
~5.65 in. and the shackle forces increasing from
420 1b to 690 1b

Figure A-3. Shackle Orientation and Loads at
10 Percent Hiteh Load

TR-1114=1-I1I CA-9



~ The mein problem with this suspension is the nonlinear veriation in
hitch load. Without the ability to use load leveling bars, the hitch
height cannot be mainteined statically. Upon hookup to the tow car, the
hiteh load causes & drop of as much as 4 in., from the original height.
This in turn increases the hitch losd further, or about 5 percent from
that intended. This effect was amplified in test procedures where appli-
cation of only moderate brake deceleration rates would cause the trailer to
piteh down into the road surface.

This unstable piteh rate does not contimie indefinitely however. As
the center rocker arm angle becomes larger, it tends to limit at some
maximim angle. At this point the individusl axle deflection rates resume
their nominel rate derived from the springs alone, without rocker arm |
deflection. At this point the hitch load decreases rapidly with pitch down
at the hitch. This effect is shown in Fig. A-L.

100~

N 272 Ib/in.

Incrementdl Hiteh Load Due to
Suspension Effect Only {(1b)

Level
- 100 | | | ]

-3 -2 - 0 l 2 3
Bati Hitch Height (in.)

Figure A-4. Incremental Hiteh Load Due
to Suspension Effect Only

From this figure it can be shown that the hiteh load will inerease spproxi.
nately 27 1b for each inch the hitch point is lowered. Hitch load will
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also incresse due to the forward motion of the center of gravity when the
nitch point is lowered (about 15 1b/in for the 4,000 1b test trailer),
consequently the totel increase in hitch loed will be about L2 1b/in.
This effect can be viewed as an unstable pitch rate since any trailer
rotation will tend to inerease the motion further.

With the 5,800 1b test weight configuration, the unstable pitech rate
is more dramatic (see Fig. A-5) and can change the hitch load as much as
80 1b.

00 b
g}
]
AHL 2
{in.)
0
-100 ~
| Level
l i ] i i i J
-3 -2 -] 0 I 2 .

Ball Hitch Height (in.)

Figure A«5. Incremental Hitch Load Due to Suspension Effect
Only, Heavy Weight Configuration

L)

In summery, this suspension design exhibits an unstable hiteh load
variation due to the shackle angle. Most other tandem axle trallers (with
leaf spfing suspensions joined at the middie with an intercommecting rocker
arm) hafe tension shackles splayed at angles away from each other. This
places only tension forces horizontally in the rocker arm, which then

results in a stable state for all suspension motions.
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It is possible that this type of suspension may tend to smooth out the
ride gqualities for the horse’'s benefit, with its bogié-wheeled type action.
But certainly the use of load leveling bar devices, or conversion to
different shackle angles, would meke this traller more acceptable for
towing by ordinary passenger cars.
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APPENDIX B

FULL-SCALE INSTRUMENTATION, TEST EQUIFPMENT,
AND TEST PROCEDURES

The purpose of this appendix is to document the instrumentation, test
equipmeﬁt, and test procedures used for the full scale tests. This includes
the onboard vehicle instrumentation (i.e., sensors, signal conditioning
electronics, and recording devices) and the peripheral test equipment such
as the brake actuators, check chains, jacklmife limiter, etc., that were
necessary to conduct some of the test procedures. Nine dynamic test maneuvér

procedures and two static test measurement methods are described.
THSTRUMENTATTON
Sensors For Magnetic Tape Recording

’Eight basic senscrs were installed on each combination vehicle. These
included the following:

Steering Wheel Angle. A potentiometer was mounted on the steering columm
and gear driven by the steering wheel.

Yaw Velocity. A yaw rate gyro was mounted Fo the floor pan, in the mid-

car location.

Trailer Articulation Angle. A special apparatus designed and built under
DOT-HS-4-00900 was used to measure the trailer articulation angle relative
to ﬁhegtow car. This consisted of a parallelogram type structure with two
orthogonal gimbals on the car side and two orthogonal gimbals on the trailer '
side as shown in Figs. B-1 and B-2. The two gimbals attached to the car
bumper above the ball measure trailer yaw (2bout the vertical shaft aligﬁed
with the ball)., Although not used, the apparatus also measures pitch angle
{(as & rotation about the horizontal shaft), and trailer roll (about the
longitudinal shaft).

Forwerd Speed. A Nucleus NC-7 fifth wheel was attached to the trailer
rear frame/cr bumper to record forward speed.
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Hinge .
Tealler Yoaw
{ Articulation)

Trailer Attachment
Plate

@l/i/\ Car Mount
| ,

Figure B-1. Schematic Diagram of Car/Trailer
Hiteh Instrumentation

Figure B-2Z. TFhotogreph of Hitch Instrumentation
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Brake Stop Deceleration. 4n accelerometer was mounted on the floor

pan, in the mid-car location, with sensing fore an aft acceleration, This
is a sprung mass mounting, and small pitch motions observed on brake stops
required about a 5 to 10 percent correction factor (actual less than mea-

sured).

Brake Pedal Force. A load cell was mounted to the brake pedal pad to
record applied force during brake stops.

Tow Car Brake Line Presgure. A pressure transducer was installed in

the brake line at the master cylinder.

Trailer Brake Signal. For electric trailer brakes, the electric volt-
age applied to the trailer brakes was recorded directly after going through
the signal conditioner box.

For hydraulic surge brakes, a pressure transducer was installed in
trailer brake line.

Non-Tape Recorded Sensors

Several other variables were measured, but not recorded on magnetic tape.
These are as follows:

Brake Stopping Distance. A Nucleus NC-7 fifth wheel was attached to the
trailer rear frame/or bumper. An electronic revolution pulse counter, with

digitel read-out, provided distance travelled. The count was initiated by
the brake light signal voltage,

Wheel Tachometers. A direct drive tachometer was mounted to each road
wheel hub (as many as 8 for a (V). These were used as indicators of wheel
lock-ups occuring during a brake stop test. During brake stops, these wheel
tach data were switched into the on«board strip chart recorder., In order
to conserve on strip chert cheannels, the left and right hand wheel tach for
each sxle were electronically summed into one signal as sketched below. In

this way, lock-up &t either wheel of one axle could be determined by the
pattern of the signal tracing on one strip chart.channel.
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e = 440
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Strip chart time history for broke stop
from 40 mph

Brake Lining Temperatures. Thermocouples were installed at each brake

lining, and temperatures read out on a meter between test ruas.
Signal Condltioning

Sensor outputs were scaled in a signal conditioning unit prior to tape
recording. This unit prox?ides either "high" or "low" gain, thus tests
having small applitude motions used high gain and tests having large motions
used low gain. Alsc, there is a built-in "tape calibration" that applies a
reference of *5 volts, or ground, to all recording channels prior to each
run. Finally, a reference voltage can be applied to the signal conditioning
input side to similate an incoming sensor voltage. In this mode, changes in
scale factors can be accomplished without actually moving sensors. Each
channel is alsc limited to %10 volts so that the FM recorder will not be

overmodulated.
Recordlng
Data were recorded on a 14 channel Honeywell 5600 C FM tape recorder.

Tape speed was 1-7/8 ips with center frequency 3.375 KHz (intermediate band).

Also an 8 chennel MFE strip chart recorder was used in the tow car on
all test runs. Data channel allocation, scale factors, and selection of
veriables to record vs. type of test run, are shown in Tables B-1 %o B-3.
Figure B-3 shows the location of all e@ipment. in tow car.
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TABLE B-1.

SENSOR SCALE FACTORS

SENSOR VARTABLE SIGNAL | TAPE | SIRIP HIGH
VARIABLE DESCRIPTION | CONDITION | RECORD | CHART GATN
CHANNEL | CHANNEL | CHANNEL
Baw Steering Wheel 1 1 1 10 deg/V
Angle 20 deg/V+
r Yaw Velocity L3 3 2 deg/s/V R
A U U A N
1 Car/Trailer Artic- 20 8 2 1 deg/V
wlation Angle
Ug 1 Forward Speed 17 7 b L mph /v
B Iongitudinal 15 6 5 0.10 g/v
Acceleration
Fp 2 Brake Pedal Force 2 2 6 10 1b/V
By 0 Tow Car Brake 7 | L 7 50 psi/V
Line Pressure |
— 1 r i it ity = oA R B A e o re———ar maaa — Woo———— ? . = i e v ———— - = m—)
Elect. By |Trailer Brake 5 L 3 8 1.0 V Brake
Voltage | ' 0.85 Volts
R T [t b ! ________ i_ oy ———
Boat ., Trailer Brake 6 3 ' 8 50 psi/V
Surge t |Pressure
Wy — W IF, RF, Tow Car 25 1
Wheel rpm (front)
w3~ Wy IR, RR, Tow Car 26 2 Strip
Wheel rpm ( rear)- o Chart
ws = wg  |IF, RF, Trailer 27 7 Pattern
Wheel rpm (front)
w7 = 4B IR, RR, Trailer 28 8
' Wheel rpm (rear) '
*With Plymouth Volare and Ford Mustang
60. @ 150 @ 000 @
CAR 40
SPEED Fp 100 Pp
{mph} 20 (ib) g4 {psi)
‘0 S ] i 1 '
-5 0 5 10 ° -5 0. 5% .10 9 <5 0 5§ 10
Vv v A
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TABLE 3,

SENSOR SELECTION, SIGNAL CONDITIONING, AND RECORDING

SIGVAL TAPE
CONDTTIONING RECORDER
A 1 sy |
i B 2 o 2
Bt 7 5 or 6 el %
2 € T = L
. 3 -
oot 17
15 et
By it 15
17 o S
Uy srrcaiind 17 -l
20 ot G
VA S 2 6 1 VB & 3
STRIP CHART
RECOHDER
Uy b e
r 5 b
Fy, 6 e
ay 5 e
¥
R — | ]
W2 Bow 1 juas - :
w3l N2 - =
5356 oY Pb FI' S S
wg By, 5 ek
i
- SIGNAL
WHEEL CONDITIONING
TACHOMETERS BOX
(wy ~ wp) = 25 25
(ovs — gy ) 28 26
g = ag) ol 27 27
(w7 — 48) - B 28
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Figure B-B.
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WHEEL
ANTI
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SELECT ADJUST
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WHEEL
TACHO WHEEL
SUMMING | TACH'S
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Equipment Iocation in Tow Car
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PERTPHERAL TEST EQUIFMENT
Brake Actustor

To provide a constant and repestable brake pedal force, an electro-
pneumatic actuator was installed on the brake pedal., A pressurized (120 psi)
air tank in the tow car provided the air supply through a pressure control
valve. By selecting a given pressure at the valve, the actuator provided
a repeatable step force to the brake pedal for up to 4 in. of travel., The
test driver electrically triggered the actuator by applying 28V to a sole-
noid relay. Releasing the switch released the force,

Steering Wheel Input Limiter

To provide repeatable limit stops for step steer tests, a strap was
attached from the floor to a receiver on the steering wheel with & remov-

able shear pin. Various step sizes were obtained by varying the strap
length. -

Jackkmife Limiters

Since it was desirable to test each vehicle configuration up to and
including Jjackknife, an anti-jackknife system was developed for the three
test vehicles. For the electrically braked trailers this was accomplished
by actuating the electric brakes when the hitch angle exceeded 15 deg, as
determined by electronic threshold and sbsolute value circuits. For brake~
in-furn tests the system also opened the cirecult to the tow car brake

actuator, thus leaving only the trailer brake on.

For the surge brake trailer, the anti-jacklmife circuit turned on the
auxiliary brake actuator system which appliai the trailer brakes.

Auxiliary Brake Actuator Bystem For
Surge Brake Trallers

To determine trailer-alone brake capacity for surge brake trailers, it
was necessary to develop an auxiliary brake actuatcor. This device, shown
schematically in Fig. B-4 was mounted on the trailer tongue and tied into
the trailer hydraulic brake line. The trailer surge brakes could be actuated
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PRESSURE
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T0
TRAILER
WHEEL
MASTER BRAKE
CYLINDER CYLINDERS

Figure B-4. Brake Actuator System for Surge
Brake Trailers

il

separately, at various preset pressure levels, to determine the brake capa-

bility at increasing line pressures. By further determining the line pressure

per unit herizontal hitch force, it was possible to compute the surge brake

gain, and hence the trailer alone-brake capability.

A description of the system shown in Fig. B-4k is as follows:

1.

TR-111k4=1

The solencid switching valve is a 2-way spool valve which
opens the trailer brake hydraulic line to the surge brake
master cylinder or to the auxiliary brake actuator master
eylinder, whichever is desired for & particular test.

5-10-



2. The regulated air pressure level is preset to produce

& given hydraulic line pressure whenever the driver-

controlled pushbutton activates the solenoid velve.

With the 2.25 in. diameter pneumatic c¢ylinder, 30 psi

‘air pressure produces sbout 800 psi hydravulic line

pressure, without vacuum boost. With vacuum boost,

the gain is much greater, depending on available

engine vacuunm.

For anti-jackknife protection the trailer brakes were activated when-

ever the hitch angle exceeded 15 deg. In this mode, this circuit switched
the salenoid valve tc the auxiliary brake actuator hydraulic line, activated

the air pressure solencid valve, and released the tow car brake actuator.

Individual Wheel Platform
Weighing Scales

Eight scales were used to weigh combination-vehicle wheel load distri-
butions, the percent transfer of hitch load to the tow car front axle by the
use of lcad leveling bars, and the trailer hitch load.

TEST MANEUVERS

The following describes nine maneuvers used in the test program. The
first”four represent those recommended in Ref. Bel. The remaining tests

served as backup or to determine supportive measures.

Step Steer Test (SST)

A constant amplitude step steer is input and held for a2 minimm of
90 deg of path change at a constant speed. The test is rerun at speeds
between 10 and 5C mph, in 5 mph increments, to provide data points for the
understeer gradient analysls. When a combination vehicle has a jackimife
potential (i.e., high hitch load), additional 2.5 mph test speed inerements
are used in order to obtain data points in the ﬁraﬁsition range to jack-
knife. Also, when a tow car exhibits & breaksway from its initial under-
steer grédient at low lateral acceleration levels, then additional 2.5 mph
test speed increments are used in this low cornering level range so that
breakaway can be measured,

In order to provide amply cpportunity for each CV to reach at least
0.5 g cornering before reaching the 50 mph test point, the steering
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amplitude for the step steer was individually set for each CV configuration

such as to produce 0.3 g lateral acceleration at 30 mph. With this format,

typical jackknife prone CV's tended to oversteer and jeckknife in the 35 mph
to 45 mph range.

Coeast Down Steer Test (CDT)

The purpocse df this test is to show up differences in steering response
and stability factor due to the high level of engine power application needed
in the constant speed step steer yuns, As opposed to the normal step steer
test, this procedure starts from a given speed and merely allows the CV con-

figuration to "eoast-down" in speed with the %fransmission in neutral.
Constant Radius Turn Test (CRQ)

Thig proceéure requires radius turn circle at speeds between 10 and
40 mph. Each speed is held for a minimum of 180 deg. The speeds are chosen
to produce equal increments of lateral acceleraticn up to 0.535 g at 40 mph.
If the CV configuration response is nonlinear, the indrements should be as
small as 0.05 g. Both left and right hand tests are done (as with the SST).
Although the driver must exercise closed-loop steering control to follow
the 200 ft radius circle (painted on the pavement) simple averaging of the
steering wheel angle signal provides very accurate data points for the steer
angle, &y vs. lateral acceleration, &y plot. When divided by the overall
steering ratio, the slope (at any point) of steering wheel angle vs. Sy plot
‘gives the stability factor in deg/g.

These CRT tests basically provide replication of SST results. Hdwever,
the CRT test pfovides moye detail data in the transition range to a jack-
knife response end provides determination of understeer gradient at specified
ay level, up to a maximm of 0.535 g.

Pulse Steer (PS)

The pulse steer test consists of a rapid steering wheel input {and return)
to excite the trailer articulation angle (swing mode) djnamics while traveling
in a straight line at 55 mph. The trailer articulation angle response is

‘used to evaluate trailer swing mode frequehcy and damping ratio. These
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dynamics infiuence tow vehicle yaw rate recponse, degrade driver/vehicle
stability in lane regulation tasks, and increase driver workload. Trailer
swing mode damping is also important in determining vehicle response to
external inputs (e.g., roadway and lateral wind gusts). The princiﬁal per-
formance measure is swing mode damping ratio. ‘

This test can also be done with free steering wheel control after the
controlled steering wheel pulse input has reached its peak amplitude. Even
though this task is not representative of normal driver behavior, it is a
test many vehicle test engineers do in development of new cars. In essence,
the steering free version of this test shows effects that could be related
to excessive free play in the steering system, or to drivers who allow the

steering wheel force feedback to move the wheel.

Treiler Alone Swing Demping
Teat Procedure

It has been shown in Volume II that the traller swing damping ratio is
lower as a combination vehicle (toy) than if it were connected to an infinite
- weight tbw car. In this latter case, the damping is given by the trailer
elone damping equation ({ia).

To validate the analytical expression for trailer alone damping, the
trailer hitch load w&s set at a level which reduced the lateral hitch force
to zerc. This corresponds %o having zero "hook-up factor' in Eq.10 of
Vol. II. 7This condition is satisfied when It, = Myeh. Since the percent
- hitch load is equal to (h/£p) X 100, then the lateral hitch force is zero
when the percent hitch load is-egual to

100 Ito_ o
$HL = w(form-—'o)

t

Since the trailer alone damping ratio is rather large, there is very
iittle swing after the first excursion. Therefore, a separate means was

developed to apply forces at the ftrailer tire longitudinal position,

This invelved bolting a steel rail to the road surface at a slight angle
to the test path. A wheel was mounted to the trailer beam axle facing later-

ally so it would run against the vertical face of the rail. This apparatus
is shown in Fig. B-5.
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Figure B-5. Apparatus for Trailer Alone Damping Test Procedure
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The test procedure included the following steps:

1.

Markers were placed at the steel rail so that the
driver could aim the car at the marker. To provide
for a margin of error, this aim point placed the
trailer dolly wheel in contact with the midpoint of
the rail point.

The test path angle was adjusted to provide about
L to 5 deg initial trailer hitch angle, depending on
the wvehicle speed. :

Test speeds were increased up to the maximum of
55 mph.

Data from all runs were analyzed by determining
second order systemr damping ratio at each given
test speed. Data were normalized to the refer-
ence speed of 55 mph using the equation

¢ u@st(M&)
+ta, [

= §
55 ta g test | 55
. gpeed

_Example test data for the intermediate sized tow car with 1500 lb

utility trailer are given in Table B~k below. For this trailer, the
hitch load was set at 2f percent.

TABLE B-4. TRAILER ATONE DAMPING TEST DATA
FOR 1500 LB UTILITY TRAILER

- TEST DAMPING AT CORRECTED DAMPING | PREDICTED
o SPEED TEST SPEED T0 55 MPH DAMPING
) {MPH) (tta) (Cta55) 55 MPH
153 29 0.58 0.306 \
15h 4 Swing ampli- X
tude too small
155 s 0,345 0.282 \ 330
156 L5 0.36 0.295 |
158 47 0.35 0.29%
160 48 0.345 0.301
163 ¥7.5 0.345 0.298 |
Average of Runs 153-163 = 0.297
TR-111ha1
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Trailer Swing Demping for Non-Zero
Lateral Accelerations

This procedure utilized the constant radius circle test and was designed
to expose the light hitch load configurations to medium lateral acceleration
levels, and to examine the subsequent loss in swing damping ratio. The
single data point recorded was the speed at which the damping ratic went to
zero. This can be compared to the straight azhead speed for zero damping.

The drop in this critical speed can be assigned meinly to the loss in trailer

tire cornering stiffness at the steady state lateral acceleration level.
Straight Line Breking

The objective of this test was to determine minimum stopping distance.
This test consists of applying a step brake pedal force (via an electro-
pneumatic actuator) to the combination-vehicle at 40 mph. The preset brake
force applied to the brake pedal is increased until wheel lockup occurs at
one wheel. With slight variations in this pedal force adjustment three
brake stops are made just under wheel lockup conditions and three stops are
made with lockup cccuring at one wheel. Stopping distance is recorded for
each run, with the fifth wheel distance counter being initiated by the brake
light switch..

Trailer Alone Braking

This test is equivalent to the straight line brake described above for
the combination vehicle, however, in this application, the object is to
obtain data on the brake effectiveness of the trailer at increasing brake
force inputs. Brake voltage inputs varying from O to 12 volts (in 1 volt
increments) were typically used for the electric braked trailers. A similar
spread was applied to the surge braked trailer, however in this case, brake-
line pressure represented the input. In all cases, the output performance
measure was the brake force developed by the trailer brakes, and this data

wes plotted versus the input variable (i.e., voltage or pressure).

Since the trailer cannct be physically tested "alone," actuation of the
trailer brakes alone means that the entire combination-vehicle is being

decelerated by only the trailer brakes. In ofder to keep energy absorption
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equivalent to a trailer alone brake stop, the total distance travelled
during braking the combination should be the same as if the trailer were
stopping only its own weight. This same effort can alsc be accomplished
by decelerating the combination from an initial speed, Ug, to a final

. speed, Up. This speed increment is calculated as follows:

For the C-V, the stopping distance, x, and deceleration, ay, are given

by
2
X = %
283'}{1
‘'where
(W + We)
x4 We + Wg

For the trailer alone, the distance and deceleration would be:

2 2
Ub - Uf
¥ o=
2gaxp
where
_ (Wy — HL)
8xp = We + Wy

Since the stopping distances must be equel, the equations may be rewritten,
together, as: '

2
us ) (U2 - UBY (W, + W)
ogp 2gn Wy — EL)
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which can be solved for the finsl speed:

U iy ~ HL) -

W, - HL
UE = U2 1--.-.5.-.-.—.—-
b if 0 Wc+Wt
W, + HL
We + Wy

il
OC:I\)

Thus the itrailer brake test was pez"foa':medwf‘rom an initial speed, U,, down

to the final velocity, Ue, given below:

W, + HL
Up = T, W W W

or

Ug

1
K
!

In all ceses U, was taken as 40 mph.

The brake force performence measure is then computed from the slope of
‘the speed vs. time signal, dU,/dt, while the brakes were applied.

We + Wy | au,

g ] dt

Fb =
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Brake-In-Turn

The brake-in-turn test consists of a step brake input during a stealdy-

speed turn.

Specifically, three brake-in-turn procedures were used. These are des-
cribed below:
a. To provide a steady state 0.3 g cornering level, a
356 £t radius turn was driven at 40 mph. While holding
the steering fixed the brake actuator was applied to
decelerate the CV at 0.4 g. The trailer brake controller

was kept at maximm output adjustment. One left hand
and one right hand test were performed.

b. Repeat sbove, except the brake actuator was set to give
deceleration level which would cause incipient lockup
of at least one wheel. Again, the trailer brake is
set for maximum. One left hand and one right hand test
were performed.

c. Repeat b. above, except the trailer brake output was
reduced to one half of maximum. This was done by
adjusting the electric brake control resistor.

OTHER FIELD TEST MEASUREMENTS
Traller Yew l\bm.e_nt of Inertis

To determine the trailer-alone damping and hookup factor it is necessary
to measure the trailer yaw moment of inertia. This is readily accomplished
with a roller bearing turn table (such as used for wheel alignments), two
coil springs, and a stopwatch. The trailer wheels are held off the ground
by placing the axle beam on a block, which is positioned on the roller bear-
ing support turnteble as shown in Fig. B-6. A counterweight, Wy, is added
to balance the trailer hitch load, i.e., Wih = Wylz. At this condition the
trailer floats freely on the turniteble with no offset forces.

Two ccil springs are attached between the tongue and nearby ground anchor
points. A prestretched preload provides z constant spring rate in both direc-
tions of travel {since no slack is permitted)}. The effective spring rate
at the hitch (lateral force per foot of deflection) is measured by spring

scales with the springs in this prestretched condition.
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Figure Be6. Test Set-Up for Trailer Moment of
Inertia Measurement

The trailer is then gently oscillated (by hand) in the yaw direction
(about *3 in., amplitude), while maintaining the trailer in a level orienta-
tion. Elapsed time measurements are taken for 10 full oscillations and then
repeated several times to insure consistency. The repeat run frequencies

should be in close agreement (3 percent) since demping is very small.

The moment of inertis about the center of rotation is then calenlated

from the equation:

%o
I )
(2at)
where
K, = Effective spring rate (1b/ft)
£p = Hitch to-axle distance (ft)
f, = Naturel frequency: (cycles/sec) ’
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This can be converted to the moment of inertia sbout the c.g., Itg, and

about the hitch point, Iy, using the parallel axes equations:

Wyh? Wyt

Mot Mg TG
Wy, 2

Ity = Igg * z (25 = h)

The inertia values given previously in Vol. II were experimentally determined
using the above method. '

Surge Brake Gain Measurement

Surge brake gain, G, is defined as the ratio of brake deceleration force
developed by the trailer brakes to the horizontal compressive force applied
at the trailer ball hitch, i.e., G = Fx/Fx,.

This gein is determined by dynamic straight line brake tests on the
trailer alone, which provides data for brake deceleration force, Fy,, versus
hydraulic line pressure, Bgp.

Static tests are then perfbrmed by applylng a2 horizontal force at the
ball hitch, Fy,, and reading the resulting hydraulic line pressure developed,
Btp‘ The gain is found from the produect of the two tests as:

Since the trailer alone straight line brake test has been described previously,
only the static test needs further discussion. To accomplish this test, &
crank arm {with ball that matches and locks into the hitch ball socket) is
used to apply a force to the socket iever arm (see Fig, B~7). Forces are

applied to the crank arm in steps starting from zero, going to maxirum, and
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PRESSURE
TRANSDUCER

TRAILER TONGUE {SOCKET
' g, LEVEL
t ARM)
p— MASTER
BRAKE LINE CYLINDER
£ e FLz
Xh 1,

CRANK ARM ———

APPLIED SPRING SCALE ’J’
FORCE =——(— B
F.

L

Figure B-7, Static Brake Force Actuator

returning back to zero in gradual steps. The applied force, F, times crank
arm distance, £p, 1s then equated to the hitch force, Fy,, times its socket
lever arm distance, £1. The brake line pressure is then plotted versus

the norizontal hitch force. The slope, Btp/Fxh: and hysteresis are then

gbtained from this plot. An example plot is shown in Fig. B-8 for the boat
trailer brake. '

From trailer alcne tests, the horizontal braking force to surge brake
pressure, ng/Btp, was found to be equal to 2.0 (see Appendix D), thus
the surge brake gain was computed as:

G = (2.0) lg;‘,.%o = 3.0

TOW CAR/TRAILER SETUP

Procedure for Field Tests

Prior to testing, the following steps were performed for each combina-
tion-vehicle. ‘
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Figure B-8. Test Data for Boat Trailer Surge Brake
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1. Load trailer up tc desired total weight, We.

2. BSet and measure desired hitch load with platform scale
while trailer is level,

3. Set hitch head height position to match trailer ball
socket when trailer is level.

4., Connect trailer to tow car.

5. Relevel tow car by pressurizing air shocks, adding
load leveling bars, or both. For load leveling to
'+95 percent,” chain lirks &re.adjusted until front
axle of tow car shows more than car alone by 25 per-
cent of the hitch lpad. For leveling with air shocks,
air pressure is added until tow car has same front
to rear bumper helight differential.. If more than
maximum pressure is required, ‘the load leveling bars
mist be used as a supplement. The percent of load
leveling in this case will again be the change in
the tow car front axle weight (front axle weight with
trailer minus front axle weight without trailer) divided
by the hitch load.

6. Place €V on individual wheel platform scales and record
all weights, including the driver.

7. Record all other data shown on Table B-5.

REFERENCE

B-1. Johnston, Doneld E,, John W. Zellner, and Irving L. Ashkenas, Handling
: Test Procedures for Passenger Cars Pulling Trailers, Vol. Ii;
Technical Report, DOT-~HS-801-936, June 1976,
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TABLE B-5. CAR/TRAILER DATA SHEET

Date:
Tow Car:
Trailexr:

Hitch Icad (with
level trailer):

Ioad Leveling:
Gas Tank Level:

Tegt Configuration
Fumber (details
such as tire type’
and pressure, air
shocks pressure):

- i

TOW CAR-TRAILER WEIGHTS (INCLUDING DRIVER)

VEHICLE LEFT RIGHT TOTAL
Front
Tow 2
Car eay
Total
Front
- Trailer | Rear
Total
cv Total
BUMPER HEIGHTS up DOWE ———— SUTSPENSION
g Front HYSTERESIS
reaxr
BALL HITCH TO GROUND

IOCATION OF ADDED TEST WEIGHTS IN TRAILER
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APPERDIX C
RUN 10G BUMMARY

This appendix contains a complete listing of all tests recorded on FM
tape. Teble (-1 summarizes the type of conditions and tests performed
~ with all vehicles. Tables C-2 through C~l4 then detail the exact run numbers
associated with each test. These run numbers can then be assoclated with
tape footage numbers on five ™M tapes by reference to the raw run logs
kept with the FM tepes. A description of the FM tapes (i.e., semsors,

scale factors, center frequency, etc.) was given in Appendix B, Sectlon I.
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TABLE C-1.

FULL-SCALE TEST SUMMARY

THST rnOCRNES
PRALLER T.UT CONFIGURATION s ] SLB | BIT JBTA JCRHER
Frale VAT | Al ] T i { A Crrter r i FEICLPFICTF]
ti-Raul ! EBLC l e i | R X ® % s X
2 x 8 I ’-'1,' } Y ® E
{tic Brakes) i Yy X X X X *
S ?-ﬁ/ﬂ i N XY x
i 10 i‘ NYY |x KoM lxxx|xxxlx %
; 20 3 Y —% ix ® x x Px ¥
11 T
Stararaft o] % R X X X !
Starmzster & 1620 5 | Y e Ix XM N | X Ex
(tc Brakes} o I X x XX ®ix Kix X
15 , * I X X X x !x
2c X x x x "X
1 T H 1 [_
Shasta 17 I 3000 13 las ‘N X x x x % x
I N 'Y x x X x lx
3420 5. N b4 x x ;
i-1/e N Y X
3880 5 ¥oaed (N X X X X '
Te1/2 21 x i
i 10 25 38 34 S x X RN HX
5 23 a3 x X X X ‘, 4 x X
120 |e2s ¥ x x x x %
{20 e N x j X x C®
Prowler kot O 4 N ! X
22 5 N W N jYYY X i X XK X |
T-1/2 N N Yy x x % ! H
16 N ¥ x x X x L i
10 =25 0 [NYY [xX X x XX XX x 0% b
;16 12 I x % x x  x
12-1/2 -6 b x * * '
15 -1 Y X X X X
15 37 N ® x x x x X x
i7e1/2 & Y x X x
20 2% N x x x x 1‘ X
Holiday 8000 5 ¥ 13 YA X X x
Hambler & =15 Y x
by 10 |25 15 NY  fxx [x X% |x x x
15 =20 Y X
15 O Y x X b x
15 25 N x x X x x
Horse =80t 0 LL NOT (Y = | X X X X
{tandem} 13 | POSSIBLE x x
Eless] 5 WITH S
10 THIS X - X X x x *
2000, 10 | TRAILER X
sraveleze l Lo00 | 5 H ¢ Y. i¥YFRY X X X
17 i ;10 N 1co l¥ywy x KK
- NEW X x x x x X
| s |32 YYY|x x x
Boat 2ams] 26 +28 N x x x
3000 [ ¥ ¥ N |K¥ NN X fR KK
% N X
5 N N N |¥ YY x [ % X X
I 5 o ¥ X x
I 7n1/2 o N x
R T+ F N 32 [YYN|x X x| xxx|x x|x xX|[|Xx
| 15 ¥ -tk Yy X x X X
| 15 |05 35 @ INNN [x X X% R[xx
KEY
L. s niteh lead {percent of trailer weight) SLB = straight line brake (max decel
L oe load 1e\rel;:wg {percest of hiteh losd. frem 40 mph)
rransferred to front exle) BIT = brake in turn {max decel at 0.3 g
AS = 1ir shocks (Yes if used tc level C-V, cornering)
o 1T not used) BTa = treiler alene brake capability test
38T =  J4Eep steer test {steermg set for 0.3 g OTHER = misc, tests [calibraticns, damping,
an 30 mph) inertia, braking, ete}
CAT = constant radius t..xrr (400" dismeter C = Chevrolet Monte Carle
circle — .3 g at 30 mph) P = Plymouth Velare
%3 = pulse steer {steer pulse at 55 rph) F = F¥ord Mustang II
TR-1114~1-IIT C-2



TABLE C-2.

MONTE CARIO TESTS

Test Configurstion Test Procedures/Rwm No.s
Two Car/
Trail Hiteh Al -
ailer wee.| fote Lm":;fng S - CRT 8 37 BIT BTA Cther
Moute Carlo LEHD 1-21
Pre burn 5270 z2-38
Fost burn 52770 35-54
New switeh | 5270 55-69
= Te-18 T0-T1 T77-83%
U-Heul AV 1500 10 No Ho 95-08 168 Bu_g5 B6-93 95107
20 No Yas 122-126 | 135-136 109 110-121 § 127-13% 137-1k0
153165
5 Ho Ho 141 The- 147
& Ko e 148 1hoe 352
Stareraft 1600 20 Ho Yes 174=179 188 166 167-173 | 180-187
15 Yo Yes 212215 21€ 189 190-203 | 204-211%
10 Ne Yes 218.221 237 217 230-236 | 222-Pag
5 o Yes 260-264 238-240 | 2h1-255 | 254255
1 lo o 2565268
Prowler 4O0C 10 o Ho 206-299 e 295 289-29% | 300-315 | 269-288
10 Ho Yen i35, 508 338 a4 N7-383 | 225-337
10 25 ¥o 36 34B 355 245 330-34% | 3hg- 38k
20 25 o 365368 373 356357 | 359-36k | 363372
o b Ne 374
5 Ko Yes 35-311
Shaste 3000 13 z5 No bikelzy | L2Buu7e K13 368404 | 205-412 | 378-3g7
13 No Yes h34-lkT L62 433 usE=bE1 | LhB-455
hooo | 20 -25 Yea | WTo-by7 | 498-kgg | 463 | LBh-LEG ¢ 470-L78
20 25 o 09-21 | 5% 500 501-508 1 522-531
3880 10 25 Ho 54B-562 | 566~568 535 540-54T 1 53he53g
563-565
) Fo Ho 570 569
Hollday £000 5 Ho Yes BT1-5T2-
Rembler 10 25 No ?02-616 617-618 573 | 585.595 | s9h-601 § 57%-58L
windy)
15 25 Yo EhE-65T €60 658-659 | 619-634 | £35-645
15 -0 Yea 677-689 690 GEY-66T | GEBWETE
5 No Yes - 691695
Herun 10 25 No 835847
H =20 Yes 848861 2
10 -15 Yes &711-862 883~302
Horse 5860 15 o Yes 102717 100701 NP
10 No Yes TE5.T38 739 T1BuT2k NP
2000 g No Yes 874
Traveleze L4ooo 15 25 No 183757 798 ToE=TI0 | 799=765 | TN=T82 | 7hc-758
5 Ne Yes . Too-to2
15 ] Yes 817-820 B03-808 { B0G-B16
10 No Yen 831.834
Bost 2000 10 Yo Yez | g31-9k0 gkt 9e6-027 | 920-925 | R3-93% | 893919
15 No Yes QUG-955 942 43543
15 25 ¥o Q6l-g70 971 956 957963
5 N Yes g7z
1/2 No Yo 915-975
Monte Carlo \
Alone s 976-982 983
TR-1114=-1-IIT Ca3




TABLE C-3.

PLYMOUTH VCLARE TESTS

Test Configuration Test Procedures/Han lfos.
Tow Car/ Hitch Load Al
Trailer | Wgt. | Load }leveling | Shocks 58T CRT FST 318 BIT BTA tther
P Ply=outn | 4o 1001-1053 | 1014 NG 1229-1235 1000
Velars 1381-1388 1840-2150 1354
2.3 “co i s, o Yes 1015-1026 1631 0271030
Prowler 7.5 o Yes 1052-1043 10hé 104k=-1045
10, -29 Yes 1047-1058 10631064 | 1059-10682
12.5 -6 Yes |1065-1075 | 1079 10761078 |
18, -7 Yes 1080-1089 109t 1090 !1205-1210
17.5 +h Yes 1096-1104 | - 1107 110%«1106
15, =T No 1108-1117 1119 1118 1201-120% {1133-1140 | 1126-1132b
1181-1148 [116T=1149
Coast Coaat
Down Bown
P-8 2275 |2k +28 No H185-1175 1176
Boat 1157- 1164 117-1182
Coast
Dowm .
P-8 3000 |15 +35 ¥o ¥o 1183 1192-1196
Boat 15 -1k Yes 1184+1191
10 Ne Yea 1197
5 Fo Yes 1198 |
19 |
o 1200
P-6 5000 | 10 ) Yes  [1275-1288 1274 |1251-1256 | 1257-1264] 1265-1273
o 12891203
r5e 5 No Yes
Pk 3880 |15 +25 Ne  [1330-1342 1329 12941299 | 1300-1307] 1308413528
Shasta 1343.1349
Coast
Down
10 +%5 No 1350
5 +21 1351-1358
P-1 1500 |10 %o Yes 1353 1389-1395
F=-Haul 5 No Yes 1355
o 1356
P.2 1600 {10 Ko Yes 1357
Starcraft 5 Ne Yes 1558
o] 1359-1360
-7 LOOG | 10 +10 to 1361-1363
Travelezs 5 No Yo 1364
P 6000 {10 +15 ¥o t365~1368
oy 5 3w | 1378-1380

#Test equipsent and driver, but no hiich parta.
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TABLE C-i

MUSTANG TESTS

Vehicle

. Test Configuration

Test Procedures/Run Wo.s

Wgt. HL LL | aS CRT s3T s 318 BIT Other
TOW car ; Black~top Coast down
alone Ins o 1624 16141623 1557-1605 1606-1611 tests 1676
Concrete
55 /45 1679-1681
Shasta 3420 5 ¥o | Yes | 1500 15031512 1502 Cal 1501
7.5 No | Yes 1516-1524 | 15131815
3880 S 10 | No 1682
T3 T 1{ No 168351686
10 3 | Ko 1687-1688 | 1689-1695 C"af; dowm
96
1639
15 24 | Wo 16971668 free steer
pulse
Boat 2950 o No | Ne 1537 1527-1536 | 1525-1526
3 Ho | Yes . 1538-1540
5 Mo | Yes | 1552 1531551 | 1541-1542
5 0% | Yo 1563 15541562 1553
7.5 0% | No 1564
1¢ 32 | No 15684 | 1566-1567A 1565 1577-1586 | 1587-15%96
15 21 | Mo 1576 1570-1575 15604
U-Haul 1500 10 Ho | Yes | 165L 16L3-1632 1642 C1625-1635 | 1636-16L1 | 1653 Cal
7.5 | Ho | Yes T 1655 )
g Ho | Yes 1656
2.5 | Bo ! Yes 1857
0 Ko | No 16581659
5 No | Yes 1660
Prowlier | LOOC 5 No | Yes 1661
T.5 Ho | Yes 1662
10 0% | Yes 1663 166L-1670
Travel- | LOOO 5 No | Yes 1671
ez 10 0% | ves 16721675
Horse Looo 5 lic | Yes 16T4-16T75 |
10 Ne | Yes 16716-1877
Star- 1600 o Fe | No 1702-1704
cralt 5 | No | tes 1700-1701
10 No | Yes 17121 1705-171L | 1715-1720

TR-1114-1-1IT

¢-5







APPENDIX D
STRATGHT LINE BRAXKE EQUATIONS AND TEST DATA

STRAIGHT LINE BRAKING EQUATIONS

Insight into the braking behavior of combination vehicles can be
obtained from static modeling of the tow car and trailer using the free
bedy diagram sketched in Fig. D~1.

Load Leveling Torque = "31

TRAILER )

T o @ TOW car co. @ ]
he - O .
1 hh \/ r

i i b i
Lt~ 3 ——-mbw-s—j,hmb-ul——wme —md | —
Y ! h
HL = o
Wc Wf L 12
el [ E S Ju—— )
Fz, Fzo Fz3 Fra

Pigure D-1. Static Tow Car/Trailer Braking Model

This includes the effects of weight transfer, and with the awxiliary equs-
tions of Ref. D-1 the effects of load leveling on the two vertical loads
can also be included.

* Load leveling torque can be computed from the percent hitch load
transferred to the tow cer front axle, ire.,"percent load levelxng
as follows:

HL-2,.8
. [®LL h.._.____..21 -
T T (100 + 7, iy (ft 1b)
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Optimmn Braking

The longitudinal braking forces at each axle are, ideally, egual to
the brodupt'of the friction coefficient, pu, and the vertical forees, i.e.,
in
lockup, passenger cars generally have a front brake bias. In this nonp-

optimum case, maximum decelersation is limited by front wheel lockup and

= @ Fp;. However, in order to avoid spinout due to a rear wheel

hence the rear axle works slightly below capacity. The longitudinal forces

are then -
T (D-1)
F 1 Fz'l

R

P B m—

X
R
7

21
1 (p-2)
Fax (p-3)

i
A
I

where the front to rear tow car brake force proportioning ratio is defined
by R. Also, since most large trailers (having eletric brakes) have an
adjustable gain to proportion the trailer brakes as a function of tow car
brake line pressure, the anaiysis assumes that the trailer byrakes can be
adjusted to develop their full braking force. The total deceleration 8,
is then:

Fy, + Forn + Fro
x1 }ce x5 ry "1

b = T e it .

Using Fig. D-2, the vertical tire loads, including lcad leveling, can be
derived as: '

Due to Dynemic

Car Hitch Due to Load Load
Alone Load Equalizetion Transfer
Wb HLZ £, + L
c h 4 h
Fzq = T * [ N } Tpe TP (2-5)

TR~1114-1=-II D-2



HL+FZH r

" ""f ~

Fy o emiir

il

HL+Fg,. Fis

Figure D-2. Dynamic Tow Car/Treiler Breking Forces

. wca+m:.(31+zh) E!*%“"Be],r .
o .
2 z, 7, Tot, 24 2
T
Y
3 % 1 3

where the dynsmic load transfers are

x ccC h™h
Toy = T L I
. a W h, . th(zh + 31) ) Fxy
ba T Z, Iy Z,
T o Wi
b3 = Z, Z,
vehicle mass hitch
effect forces
also
Trailer dymamic
FZh = - Fb3 load transfer
onto tow car
_ Trailer deceleration
Fxh = axwt - ”sz | force passed onto

Low car

TR~1114=1-TIT ' D-3-
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(D~7)

(p-8)

(0-9)

(p-10)
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These 12 equations can be combined as follows: _

“F31 R + 1
R -+ “FZ5 = [(—-—-ﬁ——)FZ,] + an M

Fx.l + an + FxB = uFZI +

Therefore,

X W, W _ : (D-13)

a W h _ £_h ad (b - B) . UFy 2y +-h_h v
- b 4 Lee “F“}

*Melo | n A || &by - ) WFaghy) By . |
: 7 7 Z [&x t " “FZB]

bxf
=2
A¥]
]
1
+

O T Tl U s
23 t £, Z, 2y

Therefore, solving for FZB’

] i zewt - B HL + Typ = a.xwt (ht - h.h) (01
23 by + uby -14)

TR-111L=1-IIZ D=k



Also,

Wb o HIA [*"'2 + zh] a W h,
+ Yo YT

Fy = -
1 31 2«1 ﬂeﬁl 31
bay(hy - By)  Dyal,
- W) T
172 1
LW, - B HL+ T,, - a.xwt(ht - hh) Ly phy
* i, ¥ -7 T |1
o T oMby %2 4
end, ‘
. - Me® | HI(f) + 4y) |4y + £y + I . B M B,
— - -t
2 ﬂ1 _ 23 22!,1 28 F’l
. (2, + 2 )axwt(ht - hy) ) LN
bty . L
LM, = LoHL+ T, - axwt(h.t - hh) (zh + 31)uhh i
* T 7.7 g |(B-18)
2 * KBy %2 1
For front wheel lockup, Egs. 13-15 can be solved for D
For example, the case of no load leveling, Tag =02 reéults in a CV
deceleration given by Eq. 17 below.
ch ) HLEh . Wtﬂ2 - I-ILEQ R .ehhh;.z i _hl1 .
£1 ;31 E2 + uhh R +1 £1£2 .41
%y T (D-17)

(Wc+Wt)R_Wchc‘Wtht Wl - m]1 5 +f§,5§f
p(R + 1) £ £, Gy b IR+ )/

For tow car rear axle lockup,

b
X
H

&
9
I

5
[1b]
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In this cese

Wzg + LLFZQ + D-Fz5
X Wc + W

t

u(R + 1)Fg, + WPz ~
8 % W, * W, (2-18)

and Eqs. 14, 16, and 18 can be solved for By -

Equations 13, 14, and 15 or 14, 16, and 18 can readily be implemented
" on & hand caleulator to derive a complete CV brake performance map such
as illustrated in Filg. D-3. The intersection of fropt and rear lockup

conditions represents optimﬁiu braking of all axles, 8, = K.

L7 — , : [
1gp=0 T4y = 5000
1.5 S . Front Wheel
x ’ \ Lockup
. \ Limited
[~
=
T
o - e -
e Vi N
a | 3
’g ’ ' . o
.2 ! -
L e £
O ! E
T 57001b Tow Car . &
= 6000 Ib Trailer s
£ i -
- 600 tb Hitch Load ~ g —_
& g =.8l ;
(&)
§ Rear Wheel J>I
7 - Lockup
Limited /
5 ' ,
55 80 65 10 15 80 85

Deceleration,ay (g}

L j t | l !
85 90 85 80 75 70
. Stopping Distance from 40 mph

Figure D-3. Analytical Combination-Vehicle Brake performance Map
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Non=Optimm Trellsr Breking

For the case of nonwoptimum treiler braking the traller brake force
Fx5 is defined as the trailer alone deceleration limit, 8y 5 times the
static axle weight, i.e., total trailer weight minus hitch load.: The
three braking forces are then:

Fx1 = u-FZ-E
r k)
}[2 - R

F}CB = aﬂ{m (W‘t - I{r—')

In this case only the vertical tire force Fy, need be derived as a function
of the combination vehicle deceleration, axcﬁ, i.e.,

Wb HLL  mx Wh, o Fpg b
_ e _n evc e 3h _ ‘n) ;
Fzq = A A I, [axcth '.“""I:A‘(Wt - HL)]
Bxcvﬂt(ht - hh) hhngA(Wt - HL)
Fb = - -

This 1s identical to Eq. D-5 with the revised definition for Fx3 and no
load leveling

STRATOHT LINE BRAXE TEST DATA

Table D-1 presents all tow vehicle alone and combination vehicle data.
Figures D-U4 through D-9 present the traller alone brake capability plots.

TR-1114-1=1IT D-7



TABLE D-1.

STRAIGHT LINE BRAKING

i ! Condltions pedal S<opping i i
1 Run Ne. Tew Veh, Trailer | Weight - D Lack=up Dist. Zrom | Avg + Std Dev.
-, Hitch iony | Force bo mpr -
| Load Laveling & {
f ! = |
i ] Monte Hone 4660 L 36ebo No 85.5 i
1 2 Carle Pre-B ! 79.6
) i i gg: 1} 80.1 +1.1%
5 | 75,0
& ! i 82.1
7 | ; 85 BR 738 |
8 1 e |
g ! 71.9 PTG+ 13
10 70.5
11 .4
Lo | 71.6
a3 30 o 89.3
:; gg:ﬁ ' 83.6 + 1.04
16 86.5
; 17 22.5 Nex 120
ig 17:5 Ne Igg [ 158 + 7.07
20 Fo 179.2 65 mph .
21 To 175.9 6 mpnj 17605 2 3.73 .
gg 5270 . Abort i
Pre-B 5 R¥ 79.7
o = AP e I TB.T + 1.48 |
;83 50 IF at 20 76.6
i 26 Ne gg.b
27 BF at 25 .2
| 8 AP at 30 78.5 12175
;29 RF at X0 8.6
| % | RF at 10 771
| # [&'e) BF 753.2
3 0
; 30 ' :{1628 75.0 + 2.0k
i 3 13.8
%) 7713
e B 170.9 58 mph
P Yo 1 153.7 %5 men hi6e.3 + 2.2
3 | 5270 50 ¥o 78.9
ﬁ ; Post=B T7.5
DA ,;{f{:g 8.1 + 0.76
L3 19.2 !
nn T7.6 '
zg &8 No 4.5
T3 BF 82.5 .
57 Fo ma 772 4 b8
.8 82,5 Yo Th.2
. kg %0 o 7.9
i 2? ;‘; Fmég 73.% + 2.28
LR No 73.3 :
53 e 1721 1 mph
i Sh o 163.6 29 mph }167.9 2 6.01
L5 L5 No 8.2 New stop switch
36 76.9
gg 7g.o
59 T8 750 1 2.83
. &0 [
foE 7.6
J : ) T3 755 &0 zph -
TR-1114=1 D-8
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TABLE D-1 (Continued)
i Conditions Pedal Stopping
| Run Ko. | Tow Veh. | Trailer | Weight © Lock-up Dist. from | Avg + Std Dev.
I Hiteh Load Ferce L0 mph =
) Load Leveling
. 63 | Monte Hone 5270 "8 By 78.6
| gh Carlo Post-B No 70.7
i 5 - Ho 70.6
e - 757 73.7 + 2.64
&7 BF 76.k
&8 RF hoL
69 BF 171.2 | 60 mpn - |
T
86 Monte | U~Haul 1500 10 | o 15 BF 9h.9
&7 Carlo k3 BF 93.8
as : 25 Ko 56.1
89 ! 93.3
a0 i 9.9
5 1.0 92.9 + 1.94
e I 9.k
; a3 ! 93.
s 110 | 1500 20 Fo Avart
111 ug No 92.1
112 B0 B® at 20 o4 .8
113 ko BF 101.1
1t 1500 20 o 35 o g8.9
115 104
116 i 95.4
ny 95.5
118 93,0 9.7 2 5.02
19 l 88.1
lo1eo Abvort
P2 ‘ 9.1
167 |Monte ' | Stare 1600 20 No 43 BF 1071
P Carlo Craft
} 168 4o LR’ 1021
., 169 BF at 10 5.8
170 No 99.9 101 + 1.99
I 1
g; m {_95‘?& 3-%6 E BF : 104.4 988: Lok
172 | no ldckup 35 No . .8 :
P Tuks 3 Yo F 5. } 93.5 + 0.99
i 190 1600 15 No 43 ? 10h.0
| 191 k3 7 106.3 \
192 35 H 108.3
| 193 ? 10k
;o 19k T 3.9
bro1gs ? 36.0
[ 195 Avort
a7 g5.3
' 198 96-1 >98|6: 5.01
199 | Avort
| o0 | Xo 9.9
L He g2.4
pooede Yo 100.1
cos { ! No 5 101.6 7
230 1606 | 10 No 40 %o L 107.7 ] I
22‘1 | ) bO107.1 ; i
2 L5 i .
233 : [ 384_5 3108+ 1.5 }
23h 104.8 ‘ '
Sgg ‘ [ 13,8 ; g
_ A L R | ‘;
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TABIE D-1 (Continued)
: . . Conditions | sedal Stovping |
Run Yo. | Tow Yen. | Trailer | Weight 28R | poekewp | Dist. from | Ave « Std Dev.
| i ; Hhen Loed Soree 50 mpn | -
| i ! 1 Load | Leveling
2.1 | Monte | Star- | 1800 | 5 Ho 43 F 100
2 Carla eraft 43 BF' 101.1
23 | Lo BF 99.2
2Lk E 3 No 100
25 | ! 95.5
246 | 97.2
St& ! | KF &% 2 9?3
: | st 20 | 103,
gug | ! B at 10 95.6 99.6 x 2.53
250 i : Neo 106.0 {(100. + 2.7 with
25t | 100 no lockups)
252 | 1 102.0
gsd | ¥ HeLW1}
308 i&donte Shasta | 3000 13 25 {57 Ko 87.0
399 Carlo A8 37 No 88.2
Lo ‘ 58-}: 1.5 17 No 89.6
Lgt 37 IFp Inc, 85.2 86.7 + 2.49
Lo2 ’ 37 BF g 8s.6
Lo3 37 8F,, Ry B2.L
Lok %) BF, 88.8
LousE ! Ko Lo BF, 97.2
ioWsT | | 35 BFg 101.5
b5g e BF, 1047
LSTA 0 No 97.2 98.5 + 355
458a | 28 Lfp at 10 gu.5
k59 i 28 LFp at 10 97.8
| & [ 28 | WPy et tC | 96.7
I ] i 5000 20 25 bl No 93.3
| EgZ ( No 8.5
: t RY 101.2
E 467 RFE Ay 98.7 + h.k5
Y . BF, 95.5
|63 N BF, 106
Y : | 1000 20 25 35 BF, 161.5
L5052 BFa w07
{03 | BF, 105 105 2 3.3
Poosos BPe 8t 10| 101
i 502 C %0 Ne 8.2
506 | RP 8t 10 97
‘oo | A et 10 97.9 97.6 + 0.57
508 RF at 10 97.2
550 4 5000 10 25 37 BFq ng;
541 27 o 12
ol ; % 3P 120 Max Resistor
543 27 RF, 115
el 27 AP, 109
545 RF, 05
% l Hrg 105 106 + 2
58T RF. 05
522 LOO0 16 25 33 No 168 ;
b s RF at 10 59.
3654 5 BF, 97.7 1013 4 .8
5658 37 BE, 99.6
759 Monte Travele Looo 15 2% 25 No 110 Press. toc low
! 760 Carle Eze 32 LFp 56.9
i 761 3 LFyp 95.3
762 32 IFy 108 ¢ 2.7 9h.h o+ 1.90
763 3% | LFp, RF, .3
TGL‘ 3'8 I‘FT: BFc 9‘4--6
£ 55 i 25 o 105 Presz. too low
{803 | 4000 15 -3 20 LPqp 91.7
gco.‘, [ 33 BFqp 0.9
5 52 BF .2
Aok | 32 | B, LE ®.2 91.8 £ 0.6
Aot : 30 BFy, LF, - .5
| %08 i 20 BRg, B¥a 91.3
TR=1114=1-TIT D-1C



TABIE D-~1 (Continued)

| . Cenditions i ! : 1
- . i, { Stopping
E un Yo Tow Veh. Tralier ..Jeight een oad ?2?’21‘ ' Lock-up : Dzstp rem | Avg + 844 Dev.
| toad | leveling l O meh
H 1
. T T
ggg' g::t;z Prowler OO 10 c¥ LR EIET at 20 96
e L7 nibdble 55.3
252 | e 96298
232 F at 10 g8.0
89.2
;:g 400 10 No Lo No 9e.0
39 1 b 322 ‘
320 @5+ 1.8 e '
o0 (No Lockdup Mo 98 93.6 2 2.0
oo No F=2.7
= No 91.5
IFe 88.7
! gfg losie] 10 25 57| LFg I 95.3
g %
31% 88:5 87.3 + 3.49
-
"y 8.5
Ly az.y
;?; HOOO 20 25 Wo 89.3
3% No 94.3
4 No 88.7
32 BFg 4.5 XK.3 + 2.9
363 BFe, LFp 88.5
vy e, Py 7.2
‘ BFe, LFyp 8g9.8
585 | Monte Holidsy | €000 | 10 | 2
' 5 & Ko 124 Presa.T ;
553? Ci:\rlo Raxbler 35 ¥o 118 eas-Too Lov
o 35 Ko 1t
ooy Lo BF, 09
290 x IFg 108 112 + L.OT
2 40 BF, 108 -
‘ el Lo BF. 15
e 35 BF ab 20 1o
37 BFp ke
{ g;g £000 15 25 35 Ho ! 106
| > No 106
e No 103
Ga LF, 105
[ &3 IF, &% 20 98.7
o BF, o8 105.5 + 2,90
2. . BFg 106 -
P 35 BFg 107
ton . ¢ RF at 15 106
& | BF, inc. 10k
635 Rfg =t 151 100
: 6x Abort
& | Abort
e Avort
| g 3 No 104
l %, l 25 o bors Too low press.
gg | 8000 15 0 28 o 125 Prese. too low
e 32 Yo 1z
g %0 o 115
665 23 BF, 112 13 L Al
665 % BFq 121 9z hO4
Py f bl Ne 110
f 4 BF, 11
920 Monte | Boat
- gy OB 3000 10 10 532 gc 108
o E 99.1&
P 57,7 + 6.2 | 2 e 2.1 95.8 + .58
R (o Tock- %22 I.FQL;}T@W 3?% T
o up) 30 No 0.1
)
E Gl 000 15 No - 25 Ro 21 Press, Toa low
L 2 . 35 5%, 102
L Gu6 o B 1o
| S 27 Ho 105 102 + 3,58
|3 30 BF, 102 -
3% | BF., RFrp 96.9
TR-1114-1 D=11




TABIE D-1 (Continued)
T Condi<ions pedal { Stooping
Run o Tow Yeh. | Trailer | Weight i Lock-up bist. from AVE + 5td Dev.
Hitch Load Force 40 meh -
i Toad leveling
H ke
937 Monte Boat 3000 i 25 1 Na 15 Brekes cold
{ g58 {arle 27 Ho 102
?5963 %7 BP, 106
7 B¥ Hoxd -
G561 33 BFg 110 106 + 2.56
o62 x BF, 106
963 25 BFe at 10| 106
1213 Volare None 030
1214 Alone
1215
1216
1217 Ho good.
1218 #ifth wheel not
1219 on ground
1220
1221
1222
1223
128%
1240 107 No £9.0
jeky — 110 RR at 15 0.5
12k Abor 71.2 + 1.99
1243 115 BF, IR 73.6 ”
12h4 15 IF, RR 7.9
1255 100 Ha 76.3
1246 87 Ko 85.k Individual points
1247 8o No 8.8 &t decreasing
1248 83 o 105. pedal Forces
1249 5 Ho b,
1250 i No a8
i 1294 Volare Shasta 3880 15 2% Abort,
1295 85 o 102 Press too low
1296 53 Ho 93.3
1297 56 LF, 51.3 91.8 + 1.0k
1298 98 1P 91.0
1299 95 No 91.5
I
§‘ 1389 Yolare ! U-Haul 1500 10 No Abort
1350 95 Ne 99.5
i1 100 BF, 109
[ 1302 100 LF, 107
[ 1393 g6 IF, 8t 10 59.8 102.1 + 577
Yoa3gh 90 Yo 99.5
Y %R ¥o 10h.
1201 Yolare Prowler 000 15 max 107  BFeu,BRe, By 8.0
1202 105 IFe, ERp g2.3 8%.% + 5,18
1203 100 BRy, RFp 83.2 -
1204 95 BRy 871.6
1205 15 min 95 LFm ineip 85.7
1206 93 LF7 incip ggg
1207 99 Ty . :
1208 160 LFy 83.8 8.7 % 1.96
1209 110 LRy, LFa 8%.5
1210 110 LFyp, LFe 83.3
1 %7; Volare Bost 3000 15 -1k L6 Mo 201 .
1T 55 91 ;
s . e || Taitride, e
1151 7% No 1l j pressures
11582 80 s
1192 108 No 97.1 _
1105 107 No 87.5
1104 115 LF, 83.4 88.8 + 5.03
1193 ] 107 ¥o 87.6
1196 | 107 IFy 83.6
TR=111k41




TABIY D-1 {Continued)
t 3 : Conditiors . ; Stopping
Run o, 1 Tow Veh Trallier : Weight T Fedal Lock-up Dist. Irom Avg - 5td Dev.
: ‘ Hiteh oad, Force 40 mph -
| 1 Load Teveling
1 Kl
D O118%  } Volare Boat 2000 15 7.5% Abort Press.Teo Low
{1185 T . % ¥o 105 }
I 1186 % Ve 106
T YR i o No 48,6
i 1néa 96 Ho 93.9
| 1189 102 Yo 0.9 %k 4 5.21
io1g0 105 Ho Abort
P 115 BF, RFp 85.2
L 1251 ! Volare Horse KO0 10 No o) LFe, ERp 113,
y 1e3R. | Sl’r BRyp 116
R -GV I 2 1%
" o125k B2 | é‘i? 15 A
[ 1235 80 | BRy 16
1256 ™ | BR; 118
1597 Mustang None 335 60 | HR aclid 72.%
! 1568 Alone 60 LF solid gi;g
1565 45 o .
| 1800 =0 Ho 753 6.5 + 3.74
L 160 50 Ko 76.5 ! :
1608 5 ¥ 771.3 i
160% by Ko 103.5 i
160k 25 No 128.0 ‘ Decreasing
1605 i8 o 23€, Pressures
BLACK TOF : l
1679 7 No 86.8
1680 ) ? IR lneip 76.8 81.6 + 5.01
1681 E CONCRETE ? RF, IR 81.3
| 1625 ' wustang | U-Haud 1500 10 Fo 50 fo 106 Press.Too Low
R T-T I =5 Ko 102
] 1627 2] No 95.2
-1 67 P, 99.1
Foye29 &6 RE, 104
P63 62 A, 109 103.7 + 3.40
©163 a2 RF, 105
1632 a2 Yo Abort
1633 59 HFp 105
1634 55 HF, 106
1635 Ly Ho 109
| 166k i Mustang | Prowler | 54000 1o o 55 o 63.6 Press, too low
To1665 &0 BFqp 88.0
i 1%& 25 BFy, RFg 8.7
bo168T T BFy, AF 91.3
1668 &0 %r".r ¢ 85.8 %.8 X325
| 1689 63 | BFp, RE, 9.8 |
i 1670 ! 55 BFyp, RFq 9h.0 1
L1705 Mustang | Stare 1600 10 Ko 50 No 107 :
| 1706 eraft 58 o 108
| 1707 35 No 107
| 1708 108 57 No 104 93
i 1709 . 57 IF, 15 109.5 # 3.
L 1m0 Ne locip 56 LFg 1k .
Pt 50 No 109 i
;12 55 IF, 112 _
T3 5 No 1L
[ 1Tk 52 So 10%
I
| 1689 Mustang Shasta 388¢ 10 ? £0 No Not rec
; 1690 65 Ne 102,
L &7 No Not rec,
| 6% 68 RF, 1 1082+ 5.83
, 1693 &8 RFq 107
1694 68 RF e m
1695 65 io 119
TR-111 -1




TABLE D-1 (Concluded)

h 1

i : ; Conditions aat Stopping
Run No. | Tow Veh. | treiler | Welght P Lock-up Dist. from | Avg s S%d Dev.

Hitew Load Force 40 rph
load Leveling

5 1577 Mus tang Hoat 2050 10 3= 55 Ho 99.%

i o1m78 £0 RF¢ 10
1575 55 No 111
1580 2'5 to 107
1581 o 109
15522 € No 110 1091 + 3.98
1583 65 Fo 107
1585 0 RF 110
15535 85 Rrg 112
1585 g2 BF, 115

1

:

P i

% i :

! |

|

i

\

|

}

!

i

I

CTR-1114-1 D1l




Trailer: Holiday Rambler

Test Wgt.: 6000 1b

‘Axle Load: ©56601b,A5470

6! GAWR: 6800 Ib

Hitch Load: 10% |
~ Load Leveling: 25% ,~15% '
% Data Run Nos.: 575-584 ,884-892 ;
6‘: 5| Brake Type: 4 Dexter (10in.) ;
< ' | |
0 i
Y
@D
o 4 . v
8 S 0,
E A :
5 | E
2 D]
2 3
Q
-~ t
18]
5
< A |
§ 2 —
= DO !
I._ ]

D
| y
o]
O 2 4 123 8 10

Trailer Broke Voltage, B+ (volts)

Figure D-4. Electric Brake Cain for 27 fi Travel Trailer
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Trailer:  Stidhom Horse
Test Wgt.: 5800 1b

Axle Load: 5535 1b

6| GAWR : 5960 b

Hitch Load: 4.5% (2651b)
L.oad Leveling: None

Data Run Nos.: 864 -875

51 Brake Type: 10in. Interstate
{rear axie only)

Trailer Alone. Longitudinai Deceleration, ay,,(g's)

0 4 4

6

8

IO

Trailer Brake Voltage, B, {voits)

Figure D-5. Electric Brake Gain for Horse Trailer
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Trailer Brake Voltage, B (volts)

10

Figure D~6. Electric Breke Gain for 22 £t Travel Trailer

TR-1}1h-}-EII

D17 ‘

Trailer: Prowler ©) ]
Test Wgt.: 4000 Ib ' /'FRONT
Axle Load: 3610 Ib .
8| GAWR: 5020 1b < !
Ritch Load: 15 % / |
- Load Leveling: 25% /QD }
.‘3; Data Run Nos.: [126-1132 B v ;
6‘: 51 Brake Type: 4 Dexter {IOin) o) 5 !
{
/
g o /
194 y
- 1
2 / g
S _
E % |
& 3 : ‘
g !
et
g // .
(=]
< OA ;
3 .2 f
© 1;5' t
= {
| /’ l
ol |
0 2 4 6 8 iz



Trailer: 1% ft Shastc
Test Wgt: 3880 1Ib
Axle Load: 3480 Ib
6| GAWR : 3500 Ib i
Hitch Load: 15%
- Load Leveling: Yes
2 | Data Run Nos.: 1308-1328 |
& -5| Brake Type: 2 Dexter (10in.) ;
g- |
- P i
E o
o ‘ (T""
S 4 R
a /
=] ,O'/
R
]
2 P .
- //’6 '
2
5 /
< A
" ~ /1O
22 =7
=]
o i
o) /
4
| ’//*
o/
12

0 2 4 6 8 10

Troiler Brake Voitage, 8+ {volts)

Figure -7, Electric Brake Gain for 18 fi Travel Trailer
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Test Wgt.: 4000 1b
Axie Load:@ 3480

8| GAWR : UNK

Hitch Load: 15 %
Load Leveling: 25 %
Data Run Nos.: 740-758 E
Brake Type: 2 Keisey Hayes (IQin.) ‘

Trailer: Traveleze ;
i
1
[

o

LN

[

)
O
N

Trailer Alone Longitudinal Deceleration, ax,,{g's)

0 2 4 ) 8 10 12
Trailer Broke Voltage, B (volts)

Figure D~8, Electric Brake Gain for 19 ft Travel Trailer
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Trailer: Boat / }
Test Wgt.: 30001b |
Axle Load: 26451b / 1
6| GAWR : 3100 Ib | |
Hitch Load: 10% f
- Load Leveling: None | |
2 | Data Run Nos.: 893-919 | :
& 5| Brake Type: 2 Atwood (IOin.) ; 5
< | ;
K=} .
© |
2 9 |
S 4 i ;
(o] ; ]
E |
£
3 |
-~ / :
g -3 ,
O )
—' '
a 1
c :
o ‘
< i
@ 2 , |
= / ;
;__ 3
| /5 ; ;
R o 1
o |
0 200 400 600 800 000 1200

Brake Pressure (psi}

Figure D-9. Breke Gain for Surge Braked Trailer
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APPERDIX B
. TRAXLER DAMPING RATIO DATA

Presented in this appendix are the damping ratio results from the pulse
steer test procedure for all combination-vehicles.

One strip chart trace for each CV is alsc included. Each of these
8trip chart records show the pulse steer input, the trailer hitch angle
response, the CV setup conditions, and the damping ratio, gn, and freguency,
wy (rad/sec), which were optimally fit to that particular run over the
2 sec time intervel indicated. Since four repeat runs were made, the
average daxmping ratio and speed are also given below each figure. It
should be noted that in all cases the damping test was not necessarily
performed at the specified 55 mph speed. In these cases the trailer damp-
ing ratio versus speed relationship shown in Fig. E-1 was used to correct
each data point to the 55 mph damping ratio value shown in Table E-1. The
strip chert records are presented in Fig. E-2 for the intermediate tow car,

Fig. E-3 for the compact, and Fig. E-4k for the subcompact.

Unwanted trailer swing may also occur while in a steady state turn such
as experienced on & curving road. This non-zero lateral acceleration
condition is a significant factor because the speed at which swing damping
goes to zero is much lower. This effect is related to the reduction in
trailer tire cornering as cornering forces are increased., For example,
at 0.4k g lateral acceleration, the trailer tire cornering stiffness could
be reduced by as much as 50 percent. This would reduce the speed fof ZEero
danping to about 70 percent of that in a straight ahead condition. .

Exemples of reduced trailer damping due to steady state cornering at
high lateral acceleration levels are presented in Fig. E-2 and summarized
in Table E-2.
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400

REFERENCE
SPEED

300

g
&N
g
o .200
x _
h
£ --
o ‘
£ N |
& 300 —
8 | 5
2 N ,
'_ |

0 - \\
(
£
-.100 \\
|
~. 200
30 40 50 80 FO 80

Speed {mph)

Figure E-1. Trailer Damping Speed Adjustment Curves
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TABLE E-1. SUMMARY OF TRAILER DAMPING RATIC AT =5 MILES PER HOUR

orailer Tow Percent Hitch Load {Percent Load Leveling in Parenthesis)
{Weight) Car* 0 2.5 5.0 T 16.0 12.5 15.0 17.5 20.0
o z 0.09%0 0.135 0.195 0.305
Ejggé“y ¢ 0.0%0 0.150 0.250
sC 0.030 .09 0.120 0.165 0.190
I 0.10% 0.120 G.190 0.265 0.280
fggger c 0.020 0.0680 0. 160
’ sC 0.00 0.040 0.135
-0.055 0.095 0,285
I (25} (-25)
0,410
18 ft (+25)
-0, 0k 40.19 0.37
Er i ¢ (20) (35 (23)
0 -0.115 | +0.01 0,17 0. 57
) (n {36) {31}
¥ -0.10 0,03 0.229
19 £ (25)
Travel C -0.15 ©.03
14000 {0) (10}
~0.115 +0.075
8
¢ (o)
“0.055 0.05 0.105 0.510
0150 {23)
I (o)
0.195
22 ft {25)
Egggel ¢ -0.065 | +0.05 0.135 | ©.k7 0.5 | 0.7
(-29) («8) {-9} ()
0.66
(17}
~0.05 -0.02 +.,18
sC
(0}
c : | -0.08 ' .28 0,35
g?aftl (25) (25)
TaVE, .
foco ‘ =0.10 +0, 41 :
¢ (13} (15)
0.085 ¢.1%0 NA 0.260
1 0.504
20 £t (25)
Boat ¢ ~0.02 +.,03 0.10 0.4513
Trailer (35}
00
% -0.03 | .03 | +0.05 0.19 0.39 0.56
sC +0.,09 {o) (32) (21)
(o
Horse 5800 I . 0.113 | | C.275
Horse booo | © ' -0.08 +0.23
8¢ -0.13 £, 165
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c-y: T - OTiLTy

Hitch Load: 10 Yo

Load Level/Air Shocks: No / NO

C-V: T ~ Ty Ty

Hitch Load: 0%

AT T T
HHEEN

Stpering
Whoeel
Angle

{deg) -50

i

Load Level/Air Shocks: N0 _/ YES

IR TI) Dtiim At
o T T

i o
50"
Steering it
Wheel o i
Angie il
{deg} i
¥ sl
5
Hiteh
Angie O p3
igeg} : EEL SR
-5 r-' _.‘.
ek .
B G

Run No. 85  Speed 5344 mph

Run No. 109 Speed _5.?:.3?1 mph
et uy 2293 3 59

Avg . oF
4 RESP

= [‘gﬁr:.zOg ]@ Tx. Y7 mMPW

[ 320 ]@ 52,37

C-y: L - LTuaasy

Hitch Load: > %

C-v: T - \)'\"\\-\T\{

Hitch Load: e 7o

l.oad Level/Air Shocks: NG ff No

} IR LTSN NI LS AT M T

Steering 50 ’.: 3
Whest - Hs
[113 o 1

Angle o
{deg) ]
50 L

Hiteh
Angle

(deg)

Load Level/Air Shocks: _No [ No
VT R T e yi};rrrj

EERS T
A Bt e
Pt e

Steering sors

Wheel
Angle
{deg}

o

-3

5
—
Angie [+]

{deg} l_
-5 -':..

Run No. _L41  speed 24.27 mph
;n; wn -\55 ‘} (_D‘ 13

Run No. 198  speed 5215 mph

[126]@ 5473

[_'.u:ﬂ] @ 52.5

Figure E-2. Trailer Swing Time Histories for Intgrmediate Tow Car
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C-v: I - CAMPER

Hitch Load: 20 %

No /YES

Load Level/Air Shocks:

Steering
Wheat
Angie
{dagl

coy: 4 - CAWPER
Hitch Load: \5 %o

 Load LeveUAar Shocks ,gg g :&.S

1 ,:‘,
50 5
Steering *i
Wheel 18
Angle if
50

(deg}

= e

g e o O

Hiren ] ‘
Angie o] et A

{dag}

-8

LT

- g1 #
R ot

Run No._\ole  Speed 5.__‘* 1> m

Run No. L8B3 speed 52.21 mph

C‘T" Lbn qu ",‘r 530 Cn; wn ?'Bq , 523
C‘Zfz}f—’ﬂ 57753 Ez,s’o]@ 52,37
C-V: ' T . CameeR C-V: T - CRMPER

Hitch Load: 10 %%

Load Level/Air Shocks:

slo [ NES

Hitch Load: = %

Ny f Jes

Angie
{dey i

Steormg 50
Whes!

¥ 'lu.
'%

laeg} . !%

8 g
Hiteh e in
Angle OF BLpes

kg

gl :il!. 4 ‘}

=t
==
e e
e i
o
l:'r:"_'":w,w'
E_“@ e

toad Level/fAir Shocks:

R

Steering
Wheel
Angle
{deg}

Hiteh
Angle
{deg)

A1

Run No, _gll__Speed _5__5_30*..
U84

[: r] } (J.)] 1

Run No. 229 speed 52.37 mph
Ve B 26

Cn; Wn

EIS&E@ 55.¢
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(Continued)
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Coy:_ L - CAmPER

Hitch Load: .o

Load Level/Air Shocks: _No / No

Hitch Load: 10 Y6

n

TR
AR !
Steering i | EEJ 1
Whee! RiSIHE]
Angle Rl
ideg? ‘j“ | i
'fg?]‘ i
Rl AR
|
K 1| RETIHAE
il HIHNGITYEE
TR T
Hitch N T %i I )
Angle L AR e
ldeg) T : .I‘i AR ;
JERi[Eh B
IEEERY DR
R 1

 Load Level/Air Shocks: 0%/ No

TR
.‘lﬁ-‘ﬁ!; 11 {I i!ilE ;
sop [T T
Steering b [ i ! i 4 i
W heo! X e |
Angle "I’T-i BN
{deg) T TRE LI
) TRl T
o8t g
=4 i
T T T R T
T
SR RS N D Tkt i
Hitch i AL T
Angle  OF retfmrmat s i
.--P;l{ \ i Hils
ideg) 5 iHHERBYEE ! , ?{i ti
TRy L
IR ® g R R

Run No. 2&9 | Speed
Ady

éO‘?.?, mph
418

Run No. 24%-A sSpeed DS mph
AST L 386

[14a] @ se.22 D Zol@ 5194
C-v: LT - 927 Trwed C-V: T - 2N Trevec
Hitch Load: 1o % Hitch Load: \O %A

Load Level/Air Shocks: Mo /YES

‘ IR
gyl

Steering 0
Whael
Angle
(deg)

Hiten
Angie
{deg) .

- =95

Load Level/Air Shocks: 28 2/ No
T
A

i
! .

| i
ML
Steering 50{] ti‘ml‘ H R
o i" A H N I : HME . ;

Whael
Angle
{deg)

BExaia

! 1 1.
T HE
.LEE H 1
i 1i
i M‘[l :

[

A

Run No. 224-® Speed V.08 mph
ARG 4\

fln; w

Run No. 345-B speed 49.26 _ mon
e o d.0k

Cn; Wy

{1‘.’ 3 5] @ 593

62277 & So g2

Figure E-2 {(Continued)
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Coy: 3 - Q.’Z‘”ﬁ“we;l_.."

Hitch Load: 20 %

Load Level/Air Shocks: .29 %/ No

oy T. 22 Traver

Hitch Load: — O Zo

Load Level/Air Shocks: INo/ No

T TR

i L i

Steering Ll BT

wheet 1 gt TEE K Lb"
Angle 'I‘ka'{i— Tt
{e N jil T
" -sol AT
g e LA AT

l MFE Cot

. T

Lk Rl

R

Hitch T e
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TABLE E-2

TRAILER DAMPING CHANGE DUE TO CORNERING

Run Configuration Speed for Zero Damping Speed for Zero Damping
No. (No L.L. used, only A.8.) at Approx. G.5 g Cormering | &t Approx. O g Cormering
338 | Intermedlate-22' Travel, 10% HL 37 mph 76 mph
570 | Intermediste-18' Travel, 5% HL 38 mph 4G mph
739 | Intermediste-Horse, 104 HL 34 mph 80 mph
1500 | Subcompact-18' Travel, 5% HL 3 mph no data

"t 3k20 I
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APPENDIX F
TOW CAR STABILITY FACTOR DATA

This appendix presents step steer and constant radius circle test
results for a representative set of combination vehicles from the test
program. Since there were over 190 total date plots, the selecticn was
tased on the higher hitch load configurations as these show the more non-

linear behavior which, in some cases, leads to a jackknife.

SUMMARY OF STABILITY FACTOR DATA

The complete set of reduced resulits is presented in Figure F-1. This
inciudes the measured values for left hand {iH) and right hand (RH) terms
and also the lateral acceleration level producing neutral steer (X = 0).
This latter measure 1s quite significant since bowing heavy trailers with
~ordinary passenger cars results in highly nonlinear understeer character-
isties, even at the lower lateral acceleration levels.

BTABILITY FACTOR PLOTB

Figures F=1 tc F-3 present results of the step steer test (SST) and the
constant radius circle test (CRT) for each tow car and trailer combination.
Both tests are used to determine the tow car alone and combination vehicle

understeer gradient. In the 837, plots are made of turn radius, R, versus

velocity squared, Ug. Stability factors are determined from these plots by

taking the slope of R versus Ug. In standard SAE notation (Ref. F-1)
stability factor is proportional to the understeer/oversteer gradient, ex-
pressed in deg/g, which is:

Kepg(de8/8) = 184T(4,)K(sec™/£t%) (F-1)

when wheelbase, £., is in feet. The steady-state turn radius or radius

1,
of curvature, R, is actually determined by measuring the velocity and
dividing by the steady-state yaw velocity, Tagt The mathematical relation-
ship is given by:

U 2 £
R = ° = ! + L KUﬁ (F"E)

r S8 5'9-" aW’

TR=1114~1=11T Fa1



TARLE F-1.

SUMMARY OF STABILITY FACTCR DAfA

CV Configuration g Xsr Ker By By e . U
Percemt iiteh Load o at &y, = 0] at 2, = G| at Ko =0 ab B =0 ¥y’ o
Fercant Load Levaling S § g7 CRT 55T CRT for J;.;J';knife
S5 ) deg/s deg/g 4 g
‘s T 5.3 >.5
Interzediate Initial i 5. . %
Car Alone RT b2 -7 > D
After test LT 5.9 5.6 >, >.5
L, >,
10% HL g t W 2 :»g
Intermediate !
Utility R 5 ] Nl >.5
20% L Rl x 5.5 >.5
1M = .7 >.5
215 RH g 3.8 >.5
Intercediat LH 5 G.3 >.5
ntermediate . . .
Camper 16% HD RH T b3 >.5
IH 5.4 >.5
107 KL RH l L.,o >.5
- y LA b2 3.2 >.351 C.47
Inter—ediate 135 HL, +25% L} gy 3.h 5.5 ».36 0.35
18 £t Travel p N ;
000 1b o . s L. . .32 >,
1b wgt 158 HL, ¢ LL RH .6 ug > %7 >‘§
T Ly 2.6 2.0 >.38 0.3k
E»p‘!‘w; 25{5 4 RH 1'8 1’5 0.37 0‘55 >.42 g, '4-6 m{ah
Inter—ediate
Ly 1.7 1.9 >, 41 0.2k
18 £t Travel 20% KL, +25% LL ! ,
2830 1b wgt ! ki 1.7 0.5k 0.35 0.2t ».38 g, 42 mph
. LH 2 2. >3 >,
10% BL, <25 % LL| pu 2.2 e.g 0.32 0.55
. . . .2 0.
15% 1w, +25% 1L | s 1 5% *
Inter—ediate !
19 £ Travel .
IH 1. >.02
158 HL, -32% LL | oy 1.% >-25
4 BH 3.5 Q.kk
108 HL, 0% IL | oy t 5.0 0.38
{ :
e a7y LH 4.8 >.5
Intermediste 195 AL, o LL RH 'é‘ 3.8 >,5
22 £t Travel RE’
000 1b wgt . LH L e 0.30
105 ML, +25% LL | oy %7 3.9 0.28
" LH 0.9 0.33
207 HL, +25% LL | oo l 0.5 P
185 HL, O% LL LH 0 0.15
15% HL, +25% LL [ L -1.1 =,0 0.0 0.18 > 47 g, 4k mph
Intermediate 104 0, +25% LL | LH c.8 1.8 0.16 .26 >.32 g, 46 mph
27 £t Travel - e
e >, .
10% WL, -15% LY | LH 2.4 0.27
13,3 HL, No LL | IH 3.3 3.6 >.%0 ».5
Intermediate .
ggai’" 15% HL, Mo LL LK k.6 >.29
154 ¥, +2% LL | LK 2.1 2.8 >3 0.48
TR-1114-1-T1IT F=2
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PABLE e} (Uoncluaea)

CV Configuration gl for Xap &y By s U
Fercent Hitch Loed o at a.y =0 at ay =0 at K’SF = 0 | at KSF =0 y' o
Percent Load Leveling [+] for Jackknirfe
E -g 85T CRT 587 CRT D
S8 | deals deg/E g g
LH 2.2 >3
Intermediate 155 HL , RH 1.9 >.35
Horse
0 1b wgt . LH 3. 3.1 >,2 >.5
% " 105 RH 2.? !

>.33

£.2 6.0 2.5 >.5

Initlal IH
Car
Alone After test IH 6.6 >.5
5% KL, ¥o LL IH 5.9 h.2 >.43 ».5
7.5 HL, No LL IH £.0 3.8 >. ke >.5
104 HL, -2% LL | LH 2.3 1.5 .41 >.5
Compact 12.5% HL, -6% LL| IH o.zo 0.35, . 0.ko 0.25 >.6 g, 43 mph
e Tt Trevel | .oy pn omd L | IM =.0 ©.0 0.25 0.0 >.5 g, 40 mph
17.5% HL, +4% LL| IE =.0 =.0 G.6 G.10 >.5 g, 4O mph
1% HL, +1T% LL | IR =.0 2,0 0.20 0.12 *.45 g, 39 mph
15% B, +1T% LL - -
Coast gimm test LA 0 0.¢ »>.15 g, 37 mph
Compact 264 WL, +28% LL | IH 1.8 1.9 0.40 0.25 >.35 g, 41 mph
Boat
2875 b wgt Coast down test | IH 1.7 0.35 >kk g, 36 mph
Compact .
Horse 10% HL LH b.g >.5
5000 1b wgt
Compact 15% KL, +23% ILiL| LH 0.0 0.0 >.43 g, 3 oph
18 Tt Travel Cosst down test | IH 1.4 G.22 >.46 g, 39 mph
Compact
27 £t Trevel | 10F KL, #152 1L LH -.68 0.0 >.38 g, 3 mph

gz:-:zzz:ﬂ LH L.t 2.7 >.5 5.5
0% HL, No LL TH 4.0 2.2 >.5 >.5
5% HL, ¥o LL LH 2.9 1.3 >.5 5.5
gﬁi;“mp&“ 5% HL, 0% LL L 2.1 1.4 0.5 .5 >.48 g, b mph
10% HL, +32% LL{ LK 1.k 0.0 0.30 0.0 >.41 g, 38 mph
15% HL, +21¢ 1L | LH =0 -.61 G.17 0.0 .35 g, 3% aph
Sub-compact 5% ML, No LL IH 2.7 1.6 >.5 >,
18 £t Trevel
3420 1b wgt 7.5% M., No LL LE 2.1 ».5 >.5 g, 43 mph
3%15.1;:?38% 10% HL IH 3.5 2.6 >.5 >.5
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where 6w is the front steer angle required to maintain a given fixed turn

radius.

For a fixed steering wheel angle input, messurements taken of steady
state yaw velocity at increasing incremental speeds are then plotted versus
speed squared. This results in straight line plots as long as the vehicle

response remains linesr. The stability factor, K, and the effective front
steer angle are determined directly from the plot as:

K

]

Slope/Intercept (F-3)

&

Waff Wheelbase/Intercept (F-4)
where the intercept is obtained by extrapolating the straight line to
U2 = 0. Note the front steer angle is referred to as "effective” since

0
a constant steering wheel angle does not produce a constant front steer

angle.

Stability-factor can also be measured in the nonlinear'higher g COorner-
ing region by taking the instantaneous slope at any speed, multiplying by
wheelbase, and then dividing by the intercept at zero speed, i.e.,

slope X £, X 1847

K = - in deg/g (F-5)
intercept

A second technigue commonly used to determine stability factor is the
constant radius circle method described in Ref. F-2. For nonlinear systems
this method appears prefersble to the SST since no transients are present
and smaller and smoother transitions to higher latersl accelerations are
made. This is especially important when trying to determine the lateral
acceleration for neutral steer, By s OF the speed for jackknife. On the
other hand it is very hard on tire shoulder wear, has engine power limita-
tlons, reguires at least a 500 £t square pad area (for 200 £t radius circle),
and develops trailer stability interactions. However with this procedure
the steering wheel angle is plotted versus laterél acceleration to provide
the understeer gradient directly, i.e.,

TR=1114=-1-IT% P-4



bs,, 57.3 4,
mgw {deg) = — +Jcay (F-€)
Where G = steering ratio (>1)}
ay = lateral accelersation, g's
K = slope (deg/g)
57.3 4, .
- = intercept (deg)

REFEZRENCES

F-1  Vehicle Dynamics Terminology, SAE J67Cd, July 1975.

F-2  Passenger Car and Light Truck Steady State Directional Control
Response Test Procedures, SAE proposed Recommended Practice XJ266,
1977.
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