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1'4. Ah- 
This study has determined t h e  inf luence of va r i a t i ons  i n  t ruck  s i z e  and 

weight cons t r a in t s  on the s t a b i l i t y  and cont ro l  proper t ies  of  heavy vehicles .  
The s i z e  and weight cons t r a in t s  of i n t e r e s t  include ax le  load,  gross vehic le  
weight, length,  width, type of mu l t ip l e - t r a i l e r  combinations, and br idge 
formula allowances. Variat ions i n  loca t ion  of t he  cen te r  of grav i ty  of the  
payload were a l so  considered as  a separa te  subjec t .  The inf luence of these 
parametric va r i a t i ons  on s t a b i l i t y  and cont ro l  behavior was explored by means 
of both fu l l - s ca l e  vehic le  t e s t s  and computer s imulat ions.  

In  Volume I ,  the  f indings of the study were presented i n  a nanner which 
is  in  tended t o  inform the  non-technical reader  and, s p e c i f i c a l l y  , the  
persons concerned with formulating po l i c i e s  and laws regarding t ruck s i z e  
and weight. 

Volume I1 presents  the methodology and sunnnary r e s u l t s  from the f u l l -  
s c a l e  t e s t  program. The t e s t  f indings r e l a t i n g  s i z e  and weight va r i ab l e s  
t o  vehic le  dynamic behavior a r e  compared with those derived from simulation 
r e s u l t s .  Volume I1 a l so  presents  the  r e s u l t s  of a s p e c i a l  s e t  of experi- 
mental measurements showing the  dynamic loads which heavy t rucks impose on 
the pavement. Volume I11 contains  appendices of t e s t  and simulation da t a .  
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In t roduc t ion  

This document c o n s t i t u t e s  a volume of d a t a  obta ined i n  support  of 

the  major r e p o r t  e n t i t l e d  "The In f luence  of S i z e  and Weight Var iab les  on 

the  S t a b i l i t y  and Control  P r o p e r t i e s  of Heavy Trucks." The p r o j e c t  

involved both  computerized s imula t ions  and f u l l - s c a l e  t es t  methods f o r  

s tudying how changes i n  t r u c k  dimensions and loading inf luenced t h e  pro- 

p e r t i e s  which determine v e h i c l e  response t o  s t e e r i n g  and braking.  This 

volume of the  r e p o r t  p r e s e n t s  p l o t s  of s imula t ion  r e s u l t s  which a r e  

arranged according t o  t h e  types  of ana lyses  which were conducted. Within 

each s e t  of s imula t ions ,  va r ious  v e h i c l e s  a r e  represented and each is  

considered wi th  varying va lues  of s i z e  a.nd weight v a r i a b l e s .  

The test r e s u l t s  a r e  presented i n  groups corresponding t o  i n d i v i d u a l  

t e s t  v e h i c l e  conf igura t ions .  For each conf igura t ion ,  v a r i o u s  p l o t s  a r e  

presented showing braking,  corner ing ,  r c l l  s t a b i l i t y ,  and rearward 

a m p l i f i c a t i o n  informat ion measured under d i f f e r i n g  s i z e  and weight 

condi t ions .  

I n  genera l ,  s i n g l e  measures of performance were employed f o r  

summarizing t h e  in f luence  of s i z e  and weight v a r i a b l e s  i n  t h e  r e p o r t i n g  

of s tudy  f i n d i n g s  i n  Volumes I and 11. The measures i n  ques t ion  were 

der ived from p l o t s  i l l u s t r a t e d  i n  t h i s  volume. 



Results of Simplif ied Braking Calculat ions 

The following p l o t s  present the normalized longi tudina l  force ,  

Fx/Fz, a t  each ax le  of t he  vehic le  during steady braking, a s  wel l  a s  

longi tudina l  dece lera t ion ,  i n  g 's ,  versus the  brake input  pressure a t  

t he  t r e a d l e  valve. Each p lo t  shows indiv idua l  curves f o r  each of the 

veh ic l e f  s ax les ,  numbered according t o  ax l e  pos i t i on ,  from f r o n t  t o  

r ea r .  For a given value of l i n e  pressure ,  t he  value of F /F on a given 
X 2 

curve represents  the brake fo rce  a t  t h a t  ax l e  (given the  proportioning 

scheme) and the  t o t a l  v e r t i c a l  load on the  ax le  (given the  load t r ans fe r  

mechanisms and the  per t inent  height  and length  parameters of the veh ic l e ) .  

The measures of F /F f o r  a given value of applied pressure can be 
X z 

i n t e rp re t ed  a s  r e f l e c t i n g  the l e v e l  of t i r e / r o a d  f r i c t i o n  a t  which the  

ax le  i n  quest ion would achieve lockup. Thus, the  ax l e  curve which i s  

the "highestfs on a given p l o t  i d e n t i f i e s  t h e  l imi t ing  a x l e ,  from a lock- 

up point  of view. For any combinations of t i r e / r o a d  f r i c t i o n  and applied 

brake pressure f a l l i n g  below t h i s  "highest" cume,  the  v e h i c l e ' s  braking 

performance would be sa id  to  be "lockup l imited."  

Although approximately 100 such p l o t s  were produced to examine the  

various s i z e  and weight cases  i n  t h i s  s tudy,  only the  p l o t s  represent ing 

the s e n s i t i v i t i e s  of the  five-axle t r ac to r - semi t r a i l e r  and five-axle 

double to  va r i a t i ons  i n  ax l e  loading a r e  included i n  t h i s  appendix. These 

p l o t s  provide example i l l u s t r a t i o n s  of t he  manner i n  which the  braking 

performance analyses were f i n a l l y  es tab l i shed .  
I 





BRAKE PRESSURE 

AXLE LOAD - D m  1 



BRAKE PRESSURE 

A X L E  L O A D  - D. 2 



BRAKE PRESSURE 

AXLE LOAD - D. 3 



BRAKE PRESSURE 

AXLE LOAD - D.  4 



BRAKE PRESSURE 

AXLE LOAD - D. 5 



APPLIED PRESSURE CPSII 
SINGLE AXLE DOUBLES 

AXLE LOAD V A R I A T I O N  - CASE 1 
STRAIGHT LINE BRAKING 



APPLIED PRESSURE CPSII 
SINGLE AXLE DOUBLES 

AXLE LOAD VARIATION - CASE 2 
STRAIGHT L INE  BRAKING 



APPLIED PRESSURE CPSII 
SINGLE AXLE DOUBLES 

AXLE LOAD V A R I A T I O N  - CASE 3 
STRAIGHT LINE BRAKING 





+-DECEL. CG ' Sl 
r-BRK. EFFICIENCY 

APPLIED PRESSURE CPsrl 
SINGLE AXLE DOUBLES 

AXLE LOAD VARIATION - CASE 5 
STRAIGHT LINE BRAKING 



Handling Diagrams - Axle Load Variations 

Maneuver: Ramp s t e e r  - 0,5 deg/sec steering-wheel angle 

Speed: 55 mph (88 kmlh) 

Loading and Vehicles : 

Case I Axle Number- 

.I (Baseline.) 12 20 
2 12 22 
3 12 I 8  
4 12 24 

I I 

I (Baseline) 
2 
3 
4 

I (Baseline) 
2 
3 
4 

I (Baseline) 
2 



Format f o r  Handling Diagram P l o t s  

T 'P (DCGl 
MifEROXE IN SUP ANQLfS 8 M E N  
FM a RLAR nna cn mcx CR TRACTOR 

Handling Diagram Showing t h e  Understeer  Measure 

The handl ing  diagram is a p l o t  of t h e  s t e a d y - s t a t e  corner ing  behavior  

o f  t h e  power u n i t  ( s t r a i g h t  t r u c k  o r  t ra .c tor )  of a v e h i c l e  combination. 

The p l o t  r e a d i l y  i l l u s t r a t e s  t h e  t r end  toward unde r s t ee r  ( s lop ing  up toward 

t h e  l e f t )  o r  o v e r s t e e r  ( s loping  toward t:he r i g h t ) .  

The l a t e r a l  a c c e l e r a t i o n  of t h e  power u n i t  is sca l ed  along t h e  v e r t i c a l  

a x i s ,  whi le  t he  h o r i z o n t a l  a x i s  i s  s c a l e d  according t o  t h e  composite term 

DSW [L R/V - -1 (degrees)  NG 

where 

L = t r a c t o r  (o r  t ruck )  wheelbase 

R = pa th  r a d i u s  

V = v e h i c l e  v e l o c i t y  

DSW = s t e e r i n g  wheel ang le  

XG = e f f e c t i v e  s t e e r i n g  r a t i o ,  st:eering wheel t o  
f r o n t  wheels 



L*R/V-DSW/NG CDEGI 
TWO AXLE STRAIGHT TRUCK 



THREE AXLE STRAIGHT TRUCK 



LmR/V-DSW/NG 

THREE AXLE TRACTOR-SEMI 



t 
-2.0 -1.5 -1.0 -0.5 0.0 

LmR/V-DSWING 
FOUR AXLE TRACTOR-SEMI 



LsRlV-DSW/NG CDEGI 
FIVE AXLE TRACTOR-SEMI 



F I V E  AXLE DOUBLE 



Handling Diagrams - Gross Weight Var ia t ions  

Maneuver: Ramp s t e e r  - 0.5 deg/sec steering-wheel angle 

Speed: 55 nph (88 h / h )  

Loading and Vehicles : 

Vehicle / Case Axle No.- 

- - .  

j - 

qL-4 ZT-: I 
m y  3 

Axle Loat 

A 1 1  
( ~ r l t o r  2: 
Semi trailer) 3 

4 

12 
12 
9.3 
10 
10 
12 
12 
10 
10 

10 
10 
9.3 
12 
10 

10 Ib. 

(Baseline) 

a I 
(~anven tionai 2 
Double) 3 

4 
5 

1 2  

17 
19 
IG 
17.5 
20 
18 
20 

18,5 
21 

17.5 
19.5 
17 
20 
18.5 

4 
I- 

17 
19 
I6 
17.5 
19 
18 
20 
18.5 
20 

17.5 
19.5 
17 
20  
18.5 

(Baseline) 

5 

17 
19 
16 
17.5 
I9 
18 
20 

18.5 
20 

Gb!\ . 
4 

(801 
(Ot. 
(753 
(60' 
(08 
(84) 
(92' 
(84 
(92) 

17.5 
19.5 
15 
20 
18.5 

(80 
(88) 
(73.: 
(92 
( 841 

6- 



I 
-2.0 

LmR/V-DSW/NG CDEGI 
FIVE AXLE TRACTOR-SEMI 





- BASELINE 801( 
t- 88R 
*1 73.3K 
0- 92H 
X- 84K 

f 
-2.0 -1.5 -1.0 -0.5 O D  0 

LrR/V-DSW/'NG C DEG I 
F I V E  AXLE DOUBLE 



Handling Diagrams - Mixed Tire  In s t a l l a t i on  

Maneuver: Ramp s t e e r  input - 0.5 deg/sec steering-wheel angle 

Speed: 55 mph (88 km/h) 

Loading and Vehicles : 

Tire Ins ta l la t ion :  Baseline - a l l  rad ia l s  

Mix - r ad i a l s ,  s teer ing axle; bias-ply 
lug t i r e s ,  drive axle(s)  



LmR/V-DSW/NG CDEGI 
TWO AXLE STRAIGHT TRUCK 



3 AXLE STRAIGHT TRUCK '7 

000 BASELINE C22 FT I  
LUG TIRES REAR 

LmR/U - DSWING CDEGI 



THREE AXLE TRACTOR-SEnI 
BIAS LUGS ON DRIVE AXLE 



-- BASELINE 
+- LUGS ON DRIVE AXLE 

-1.0 -0.5 0.0 0.5 1.0 

LmR/V-DSW/NG CDEGI 
FOUR AXLE TRACTOR-SEMI 



5 AXLE TRACTOR-SEMITRAILER 

000 BASELINE 
*mm LUG TIRES REAR 

t 

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 



5 AXLE DOUBLE 

000 BASELINE 
mmm LUG TIRES REAR 

CDEGI 



Handling Diagrams - C.G. Height Variations 

Maneuver: Ramp s t ee r  input - 0.5 deg/sec steering-wheel angle 

Speed : 55 mph (88 km/h) 

Loading: 80,000 and 88,000 lbs  (36.3 and 39.9 m tons) GCW 
Payload c.g. height varies as labeled 

Vehicles : f ive-axle tractor-semitrailer (with 45' t r a i l e r )  

five-axle double (with 2i ' t r a i l e r s )  



8OKt 5-AXLE TRACTOR-SWI 

--- BASELINE ... 70 INCH PAYLOAO 
+++ 80 
O M  90 
#(HI 100 .- ' 110 

88Kt S-AXLE TRACTOR-SEMI 

INCH PAYLOAD 

a C -1.0 -0.5 0.0 

L#R/U - DSW/NG CDEGI 



--- 70 INCH PAYLOAD . . . 80 
000 90 
+++ 100 
rrrtr 110 

LaR/U - DSW/NG CDEGI 

--- 70  INCH PAYLMD . .. 80 
000 30 
+++ 100 
wr= 110 

LmR/U - DSM/NG CDEGI 



Handling Diagrams - C.G. Lateral Offset 

Maneuver: Ramp steer input - 0.5 deg/sec steering-wheel angle 
Speed: 55 mph (88 km/h) 

Loading: 80,000 and 88,000 lbs (36.3 and 39.9 m tons) GCW 
Payload c.g. offset laterally as labeled 
(Note the offset is always toward the outside of 
the turn) 

Vehicles: f ive-axle tractor-semitrailer (with 45 ' trailer) 
five-axle doubles (with 27' trailers) 



LxR/U - DSW/NG CDEGI 

o* 51 
" 88K1 5-AXLE TRACTOR-SEHI 

- 0 INCH OFFSET 
3 

6 6 
wwr  g 
. . ,  12 

1 I 

-2.0 -1.5 - 



80Kt 9-AXLE OOUBLE 
10/17.5/17.5/17.5/17.5/17.% 

-- 0 INCH OFFSET 
3 

inn 6 
+++ 9 

12 

88Ht S-AXLE OOUBLE 
10/19.5/19.5/19,5/19.5 

-0- 0 INCH OFFSET 
3 

660 s 
+++ 9 
*=r 12 

I 
-2.0 -1.5 -1.0 



Handling Diagram - Truck Wheelbase Var i a t ion  

Maneuver: Ramp s t e e r  i n p u t  - 0.5 deg/sec  s teering-wheel  ang le  

Speed: 55 mph (88 kmlh) 

Loading Condit ion:  12,000 l b s  (5.4 m t ons )  - f r o n t  a x l e  

34,000 l b s  (15.4 m t ons )  - r e a r  tandem 

Vehic le  : 



3-AXLE S T R A I G H T  TRUCKS 
WHEELBASE VARIATIONS 

0.5 DEG/SEC RAMP STEER 

L#R/U - DSW/NG CDEGI 



Handling Diagrams - Width Variations 

Maneuver: Ramp s t e e r  input  - 0 .5  deg/sec steering-wheel angle 

Speed : 55 mph (88 km/h) 

Loading : 80,000 and 88,000 l b s  (36.3 and 39.9 m tons) GCW 
as per t a b l e  below 

Width Dimension Variations:  

B e d  Wldlh 

,Spring Spoclnq 

) Cross Wgl Trr~cior 
Wt , CL65) --- widfib@ 
96 
96 
96 

102 
102 
102 
102 
102 
99 

105 
108 

OO h 
ElOk 
0111( 
00 k 
OOk 

001( 
Ollh 1 

801( 

96 
96 
36 
96 
96 

102 
96 

102 
OOk 

' BOh 

.- 0Ok 

96 
102 
103. 

- - 



- CASE 1 
+- CASE 2 
s- CASE 4 
0- CASE 5 
X- CASE 6 

L*R/V-CISWING CDEGI 
FIVE AXLE TRACTOR-SEMI 
WIDTH VARIATIONS 



-- CASE 1 
+- CASE 3 
M- CASE 7 
0- CASE 8 

LmR/V-DSWING CDEGI 
F I V E  AXLE T R A C T O R - S E M  I 

WIDTH V A R I A T I O N S  



-- CASE I 
9- CASE 8 
1. u s e  9 
0- CASE 10 

LmR/V-DSW/NG CDEGI 
F IVE AXLE TRACTOR-SEMI 

WIDTH VARIATIONS 



Jackknife Dynamics - Tractor Wheelbase Variations 

Maneuver: Braking in  a steady turn - t rac tor  dr ive axles are 
locked up and the ensuing jackknife divergency i s  
characterized 

The following four p lo ts  present the time h i s to r i e s  of the yaw 
r a t e  and a r t i cu l a t ion  angle responses of the t r ac to r ,  showing how the 
j a c k h i f  e motion ensues following wheel lockup a t  approximately 
Time = 3 . 2 5  seconds. 

I n i t i a l  Speed: 55 mph (88 km/h) 

I n i t i a l  Lateral Acceleration: -0.17 g ' s  

Surface Fr ic t ion  Levels : g = 0.3  and 0.8 

Vehicle: 



LOW MU C 0.31 

--- 12 FT WHEELBASE 
000 16 
XXX 18 
t++ 20 

TIME CSECI 



LOW MU ( 0 . 3 3  

--- 12 FT WHEELBASE 

XXX 18 

T IME CSECI 

BRAKING I N  A TURN 
TRACTOR WHEELBASE VARIATIONS 



--- 12 FT WHEELBASE 

XXX 18 

TIME CSECI 

B R A K I N G  IN A TURN 
TRACTOR WHEELBASE VARIATIONS 



--- 12 FT WHEELBASE 
080 16 
XXX 18 
+++ 20 

BRAKING I N  A TURN 
TRACTOR WHEELBASE V A R I A T I O N S  



Low-Speed Offtracking - Length Variations 

Maneuver: 90-degree i n t e r s e c t i o n  tu rn  
Reference curve - 35-foot (10.7-m) radius  
( tracked by outs ide  s t e e r i n g  t i r e  on t r a c t o r )  

Speed : -0 mph (0  km/h) 

Vehicles : 



TRAJECTORY OF INNERMOST 
POINT ON VEHICLE 

ENTRY 

0-REFERENCE CURVE 
+-REF. CURVE CENTER 

OFF-TRACKING 
90 OEG TURN, 35 FT RADIUS 

TRUCK/FULL TRAILER - SHORT TONGUE 
[TRUCK WHEEL-BASE VARIATION1 



9 . 
CFTI 

ENTRY 

TRAJECTORY OF INNERMOST 
POINT ON VEHICLE 

%-BASELINE CCASE 63 

0-REFERENCE CURVE 
+-REF. CURVE CENTER 

OFF-TRACKING 
90 DEG TURN, 35 FT REF. RADIUS 

TRUCK/FULL TRAILER - SHORT TONGUE 
[ T R A I L E R  LENGTH VARIATION3 



0. 
CFTI 

ENTRY 
I I 1 1 

0. 10. 20. 30. 40. 50. 60. 70. 

TRAJECTORY OF INNERMOST 
P O I N T  ON VEHICLE 

%-BASELINE CCASE 61 

0-REFERENCE CURVE 
+-REF. CURVE CENTER 

OFF-TRACKING 
90 OEG TURN? 35 F T  REF.  R A D I U S  

TRUCK/FULL  TRAILER - LONG TONGUE 
[TRUCK WHEELBASE VARIATION1 



ENTRY 

TRhJECTORY OF INNERMOST 
POINT ON VEHICLE 

3-B.4SEL I NE C CASE 6 3 

0-REFERENCE CURVE 
+-REF. CURVE CENTER 

OFF-TRACKING 
90 OEG TURN, 35 FT REF. RADIUS 

TRUCK/FULL TRAILER - LONG TONGUE 
[TRAILER LENGTH VARIATION3 



TRAJECTORY OF INNERMOST 
P0I:NT ON VEHICLE 

$. \ '  *-BASELINE CCASE 31 

OFF-'TRACK I NG 
90 DEG 'fURNr 35 FT REF. RADIUS 

'T'RhC'TOR+45 F'f S E M I  TRA I LER 
[TRACTOR WHEELBASE VARIATION1 



CFTI 
OFF-TRACKING 

90 OEG TURN? 35 F T  REF. R A D I U S  

TRACTOR C18 FT WBI + SEMITRAILER 
[SEMITRAILER LENGTH VARIATION] 



0 
CFTI 

m.-BASELINE CCASE 61 

0-REFERENCE CURVE 
+-REF. CURVE CENTER 

OFF-TRACKING 
90 DEG TURNt 35 FT REF, RADIUS 

ROCKY MOUNTAIN DOUBLES 



#-BASELINE CCASE 61 

0-REFERENCE CURVE 
+-REF. CURVE CENTER 

0 . 10. 20. 30. 40. SO. 60. 70. 
OFF-TRACKING 

90 DEG TURNr 35 FT REF. RhD IUS  

ROCKY MOUNTAIN DOUBLES 



0-REFERENCE CURVE 
+-REF. CURVE CENTER 

OFF-TRACKING 
90 DEG T U R N ?  35 FT RADIUS 

TURNP IIqE DOUBLES 



TRAJECTORY OF INNERMOST 
POINT ON VEHICLE 

0-REFERENCE CURVE 
+-REF. CURVE CENTER 

SINGLE AXLE DOUBLES 



TRAJECTORY OF INNERMOST 
POINT ON VEHICLE 

5 - 27 FT QUADRUPLES 

0-REFERENCE CURVE 
+-REF. CURVE CENTER 

OFF-TRACKING 
90 OEG TURN, 35 FT RADIUS 

SINGLE AXLE TRIPLES 
CAN0 QUADRUPLES3 



0. 
CFTI 

OFF-TRACKING 
90 DEG TURN, 35 FT REF. R A D I U S  

B-TRAIN 



Low- and Hish-Speed Offtracking -- Numerical Results  

On the  following pages a r e  presented t abu la r  values of measures 

depic t ing s p e c i f i c  low- and high-speed o f f t r ack ing  performance f o r  a l l  

of t h e  veh ic le  conf igurat ions  examined under the  "length" i s sue .  The 

"low-speed off t racking"  performance measure represents  a  zero-speed turn- 

ing maneuver through a  90-degree i n t e r s e c t i o n .  The ou t s ide  f r o n t  t i r e  on 

the  t r a c t o r  s t e e r i n g  ax le  is caused t o  t r a c k  along a  reference  curve of 

35-foot radius.  The measure of o f f t r ack ing ,  ca l l ed  Maximum Path 

Width, descr ibes  the  maxirmun projected width of the  veh ic le  occurring during 

the  tu rn ,  measured from the  o u t s i d e  edge of the  f r o n t  t i r e  on the t r a c t o r  

s t e e r i n g  ax le  t o  t h e  i n s i d e  edge of the i n s i d e  t i r e  on the  rearmost t r a i l e r  

axle.  The maximum path width i s  l i s t e d  f o r  each veh ic le  case ,  measured 

i n  f e e t .  

For each veh ic le  case ,  the  number of the  veh ic le  un i t  ( t r a c t o r ,  

t r a i l e r ,  o r  dol ly)  i s  l i s t e d ,  together with the dimensions, i n  inches,  of 

the nominal wheelbase of each u n i t  and the  long i tud ina l  d i s t ance  from the 

center  of the  rearmost a x l e  (o r  tandem c e n t e r ,  i n  the  case  of a  tandem 

p a i r )  t o  the  next h i t c h  point .  This d i s t ance  p e r t a i n s ,  f o r  example, to  

kingpin o f f s e t s  on t r a c t o r s  and d o l l i e s  a.nd t o  the  overhang d i s t ance  t o  the 

p i n t l e  hook a t  the  r e a r  of a  s t r a i g h t  t ruck o r  t r a i l e r .  The long i tud ina l  

d is tance  to  the  h i t c h  i s  expressed a s  p o s i t i v e  i f  the  h i t c h  is  ahead of the 

r e a r  ax le  (or  tandem) cen te r .  

The same geometric input  da ta  def in ing the  veh ic les  were used i n  

ca lcu la t ions  of high-speed o f f t r ack ing .  The reference  tu rn  employed i n  

the  high-speed o f f t r ack ing  cases involved a  600-foot (183-m) curve a t  a  

speed of 55 mph (88 'm/h).  The r e s u l t i n g  high-speed o f f t r ack ing  measure i s  

defined as the  r a d i a l  d i s t ance  from the  reference  curve (which i s  tracked,  

i n  t h i s  case ,  by the  cen te r  of t h e  t r a c t o r  s t e e r i n g  ax le )  to  the center  of 

the rearmost t r a i l e r  ax le  (o r  tandem cent:er) . The high-speed off t racking 

measures a r e  l i s t e d  a t  the  r i g h t  s i d e  of the  sheet  adjacent  to the  computer- 

7 r in ted  r e s u l t s  from the  low-speed o f f t r ack ing  ca lcu la t ions .  

The low- and high-speed o f f t r ack ing  measures a r e  i l l u s t r a t e d ,  

r e spec t ive ly ,  i n  the next two f igures .  



PATH FOLlOWED BY 
(OUTSIDE TRACTOR TIRE 

t o w  Speed Offtracking in a 90° Intersection Turn 



. High Speed Offtracking in a Steody Turn 
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ZEl?I l  51'1Ll) O F F - [ R A C K I N G  - 9 0  D E G R I t S .  3 5 . 0  F 1 .  R A D I U S .  

l R A C l O R  S t I l l l R A I L E R .  CASE 1 .  
INI ' I IT  (;EOEIETRY OF C O M B I N A T I O N  ( IN .  ) : 

E = f l I S T A N (  E  I RUM REAR A X L E / S  C . L .  T I )  A R T I C U L A T I O N  J O I N 1  
FOR NEXI UNIT (A~IEAD OF A X L E / S  c L..= POSITIVE  SIC^). 

U N I  1 WIICL LOASE E  
1  144 000 14 3 5 3  
2  454 000 0 0 

C O N 0 1 1  l l lN OF MAXIMLIM O F F - T R A C K I N G  ( F T .  ; D E G .  ) : 
REFERFEICE . 

- - - - - - - - - - - - - -  -- - - - 
MAXIMIJM P A I ~ I  w I D r 1 1  
M I N .  I N S 1  Al lTAENOUS R A D I U S  
L A S  C IN41 1 I IEAIBING ANGL l 
IIJSTANIAENOIJS L OCAT I O N  OF : - 

- MAX 0 1  1  - 1 R A C K I N O  P O I N T  
- M I t J  TUI IN ING CENTER 

OIJTPUT TRAJECTORY 

2 5 . 1 0 1  
68.237 
6 0 . 2 4 4  

X Y 
2 6 . 4 2 5  3 0 . 0 5 5  
0 2 . 1 9 3  6 1 . 9 3 6  

cn 
>>>>>>>>  ZERCJ SPEED O F F - T R A C K I N G  C A I  C U L A l I O N  <<<<<<<< 

ZFRO SPEED O F F - T R A C K I N G  - 90 D E G R f E S .  3 5 . 0  F T .  R A D I U S .  

I R A C I I I I <  S r t I I l R A I I  ER.  CASE 2 .  
IN f ' I J r  GEOMETRY OF C O M B I N A T I O N  ( I N . )  : 

E = 01STAN~;E  I R O M  REAR A X L E / S  C . L .  TO A R T I C I J L A T I ( J N  J O I N T  
FOIZ NI < C  L l N l T  ( A t I E A U  OF AX1 E / S  C  L . =  P O S l l l V E  SIC*). 

UN l l  W t  IL I- I I iASE E  
I 192 000 19 I37 
2  454 000 0 0 

COIJDI I IOEJ  OF M A X I M l l M  O F F - T R A C K I N G  ( F T .  ; D E G . )  : 
RErERCNCE : 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - 
MAXIMlJM P A I I I  W l O r H  
M I N .  INSTAIJ IAEIJOUS R A D I U S  
L A S T  UNI1 I l t A O l N G  ANGLE 
I N S T A N I A L I J I I U S  L O C A T I O N  ( IF :  - 
- MAX O F T - 1 R A C K I N G  P O I N 1  
- M I N .  I l I I IF I I t JG CENTER 

OUTPUT TRAJECTORY 
------------------ 

2 6 . 0 3 4  
6 8 . 6 0 3  
5 9 . 2 8 3  

X Y  
2 7 . 3 0 0  3 0 . 4 0 6  
8 2 . 8 4 0  6 3 . 4 0 6  
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Rearward Amplification - Cross  Weight V a r i a t i o n  

Maneuver: Co~l t inuous  s t e e r i n g  s i n u s o i d  ( s i m p l i f i e d ,  l i n e a r  
a m p l i f i c a t i o n  model) 

Speed : 55 mph (88 km/h) 

Velricles: I d e n t i f i e d  on  d a t a  s h e e t s  by v e h i c l e  le t ter  ( B , C )  
and case number ( 1 , 2 , 3 ,  e t c . )  

(For each  c a s e ,  t h e  maximum numer ica l  v a l u e s  o f  rearward a m p l i f d c a t i o n  are f i r s t  l i s t e d  a s  e v a l u a t e d  
w i t h i n  t h e  range  of s t e e r i n g  i n p u t  f requency  from 0 t o  3.15 r a d i a n u l s e c  (. 5 Hz). Tlie t e r m ,  GM, is used 
t o  d e p i c t  t h i s  maxinium a m p l l f  i c a t i o ~ r  "gain" e x h i b i t e d  by t h e  o v e r a l l  v e h i c l e  combinat ion.  A d d i t i o n a l  
II g a i n  components" a r e  a l s o  l i s t e d ,  r e p r e s e n t i n g  t h e  c o n t r i b u t i o n  t o  t h e  t o t a l  a n ~ p l i f i c a t i o n  g a i n  a t t r i -  
buted t o  eactr p o r t i o n  o f  t h e  v e h i c l e  combitlat ion ( such  a s  t h a t  p o r t i o n  o f  t h e  semitra i ler  e x i s t i u g  between 
t h e  t r a c t o r  c . g .  and t h e  s e m i t r a i l e r  c - g . ) .  Fol lowing t h e  n u m e r i c a l  d a t a ,  p l o t s  a r e  p r e s e n t e d  showing 
t t r e  spectrum of  rearward a n l p l i f l c a t i o n  l e v e l s  f o r  each  v e h i c l e  c o n f i g u r a t i o n  o v e r  a  broad r a n g e  of 
s t e e r i n g  i n p u t  f r e q u e n c i e s .  



VEHICLE IENTIFICATION: B1-GW 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

EM= 1,BY AT W= 3.15 RAD/SEC 

t 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RA:D/SEC 

SEMI-TRAILER,  TRACTOR C5. TO T R A I L E R  CG. , GI= Iq14i3 

SEX I -TRA I LER,  TRU I L E F  CG. TO TRA I LEF: F' I N T L E  "iL7t::: GZ= 1 ,792 

I S T .  IFIILL TFUILEF ' ,  F ' I N T L E  EYE Ti3 KG. , 13z= 1.256 

VEHICLE IENTIFICATION: B2-GW 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

GM= 'Z,i:i& A T  &tj= 3.  15 A&Q/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

SEMI-TRA I L E R ,  TRACTOR CG. TO T R A I L E R  C5.  , G I =  1.14e 

i- C 

.=tM I -TEA I LER T R A I L E R  CG, TO T R A I L E R  P I  IFJTLE HO@t:::, GZ= 1 . 407 

1 ST. F U L L  T R A I L E R ,  P I N T L E  EYE TO CG. , 1 3 3  1.277 

VEHICLE IENTIFICATION: B3-GW 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

GM= 1,9& AT W= 3.15 R&Q/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RADISEC 

CC' 
d t j l I  -'TRAI!,ET.', TRACTOR CG. TO TRiAILEF' CG. , (31- I , ,  148 

s E ~  I -TRA I LER,  TI;:& I LER IZG. TO TFiP I L E R  F' 1 i\ lTLE Hn@k::, G2=  ! ,362 

- - 13 ; , FIJLL TRGLLEF', i='ZiVTLE EYE TC! CG.  , 133~. !.ZZ,& 
9 3 



VEHICLE IENTIFICATION: BY-GW 

MAX. AMPLIFICATION GAIN FOR W<=9.15 RAD/SEC: 

GM= 2.(3$ A T  W= 3.15 RnD.!SEC 

6MPLIFICATION GAIN COMPONENTS AT W 3  3.15 RAD/SEC 

SEMI-TRAILER, TRACTOR CG.TO TRAILER CG., GI= 1.  148 

SEMI  -TRA I LER , 'iRP I LER CG.  TC3 TRAILER P I P.ITLE HOOb::. 82= 1 .424  

I ST. FULL TRAILER, PII?lTLE E'/E TO CG. GZ= 1.282 

VEHICLE IENTIFICATION: BS-GW 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

Gfi= 2 .  (112 AT W= 3.15 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

SEMI -IRA I LER, TRACTOR CG. f O TRAILER CG. , GI= 1.148 

SEMI-TRUILER, TRAILER CG.TO TRAILER PINTLE HOOK, GZ= 1.394 

1ST.FULL TRAILER, F'IP,iTLE EYE TO CG., GS= 1 . 2 t b  





VEHICLE IENTIFICATION: C1-GW 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

GM= 1.95 AT W= 3.19 RAD/SEC 

4HPCZFICATIOM W I N  COMPONENTS AT W 3.15 R4D/SEC 

STRAIEHT TRUCK? CG.TO PINTLE HOOK, G2= 1.558 

1ST.FULL TRAILER? PINTLE EYE TO CG., G3= 1.251 

VEHICLE IENTIFICATION: CZ-GW 

MAX. AMPLIFICATION W I N  FOR W(=3.15 RAD/SEC: 

GM= 2.01 AT W= 3.15 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

STRAIGHT TRUCK? CG.TO PINTLE HOOK, G2- 1.358 

1 ST. FULL TRAILER, P INiLE EYE TO CG. , G3= 1.297 

VEHICLE IENTIFICATION: C3-GW 

MAX. AMPLIFICATION GhIN FOR W=3.15 RAD/SEC: 

GN= 1.96 AT W= 3.15 RAD./SEC 

NlPLIFICATION W I N  COMPONENTS AT WI 3.15 RAD/SEC 

STKA I GHT TRUCK , CG TO P INTLE HOOK, 

1ST.FULL TRAILER, PINTLE EYE TO CG., 





Rearward Amplification - Length Variations 

Maneuver: Continuous s teer ing sinusoid (using s implif ied,  l i nea r  
amplification model) 

Speed: 55 mph (88 km/h) 

Vehicles: A l l  multiply-articuf ated vehicles except for  B-train 
(vehicles ident i f ied  by vehicle l e t t e r  (B,D,E, e t c . )  
and case number (1,2,3, e t c , ) .  Note tha t  t ruck / fu l l  
t r a i l e r s  a r e  represented i n  two s e t s ,  namely, the s e t  
(Bl-LEN through B7-LEN) having a fixed drawbar length 
of 6.1 f ee t  (1.86 m) and the s e t  (Bl-LEN-65 through 
B7-LEN-65) having variable  drawbar length and f ixed 
overa l l  length of 65 f ee t  (19.8 m). 

. . 
Vehicle / Car I Li Lt L3 LA Ls I 



VEHICLE IENTIFI CATION: F 1 -I,EF! 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

(3p!= 1 ;, 77 AT i/\i= 3 ,  13 RAD,i'SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RC\:D/SEC 

STRA IGHT TIqUC!::: C[3. T o  F I[\,.ITLE HaaI::', G2=  1.366 

1 .zT., ['i_!!,L TCA I',ER, pIp%ITLE EYE CG,  , OC-- , .4,-,...- i , : T ( i 1  

VEHICLE IENTIFICATION: B2-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

(31.'!= 2 ,  !:14 AT 1J= 3,, 15 RfiQ,/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3-13 RAD/SEC 

2 .- ?-, \ .r - ., i nC:t ., ut;T 'TRlJCi:':, CG . TO FINTI-E HQEb::: 32.. ! u 5 h "  

1 . 2 ~ ~  ~:JLL -7- ,;IHILER~ - FINT!,E EYE TO CG., ST= 1 . :T<::I~ 

VEHICLE IENTIFICATION: BZ-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

i:jp1= 2 .37  A T  &J= 3 ,  15 r " "  ~HU/$EC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAID/SEC 

,.., .- ,-, ,:' " " ' - I !?,.! iz+T 'TRt!C:.:::, 1:[3, TO F' II\(TLE Fcgt:.:, ::.-!.- ,-I,& -- A f n --oq , 

--I .. i8zT ,  FiJj-L i ?.u i!-Ei;:, F ib lTLE E'/E Ta I IG.  , .- :J.,- -?. _ - J, , T<zi 1 



VEHICLE IENTIFICATION: B4-LEN 

MAX. AMPLIFICATION G6IN FOR W<=3.15 RAD/SEC: 

i;M= 2 .  i j5 +\r W= 3 ,  15 RhD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

S'TRFj I GET TRUE!::: !zG. T o  I p.!'TLE HQQt:::, GZ= :1u5ii(? 

! 5 7 .  FULL TEA :iiEF;, 7 1FJTl-E EYE r0 izG, , ST= :i..:::I. 

VEHICLE IENTIFICATION: B5-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

Gp!= 2 ,  i:iii !qT [A= 3, 15 RADISEC. 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

3TKAIi;HT TRL!CI.::? CG. TO FII\dTiE HCQI:::, C;z= 1 ,563 

1ST. FULL TRA I LEH, P 1 NTLE EYE TO CG. , Erg= 1 , T ~ z  



VEHICLE IENTIFICATICIN: 36-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

;:PI= 2,QZ AT W= 3,15 EAD,!SEC 

AMPLIFICATION GAIN COMPCNENTS AT W= 3.15 RAD/SEC 

?....-r ' ."" 'C 
:, I !-,H .L ! ~ y  ; fF'iJC1.:: ;1 125. f I=' 1TJTi-E HQC!1.:::, 122:- j, , ~ i j ~  

.c-.r r : ~  .T~.~ . - I I . :C  
: ., , , ! ,,LL . ! P I?.ITLE EYE 'Ti3 iCG. . :2?= 1 ~ 2 1  

VEHICLE IENTIFICATION: E?-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC:: 

i7 ! ~ 1 f f -  ,. 2. (112 AT CJ= 3. 15 RAT)/SE!: 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RADISEC 

5T!G,...: .I iF-17 TRuci:::, C G ,  T!J P I  P4Ti-E H@01.:::, GZ- l:,z,&,? 

A c"'. .2 1 ['!ILL :I iER, P 1 PI'TiE EYE 70 CG. , !35= 1.28- 





VEHICLE IENTIFICATICIN: E(1-I-EN-65 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

EM= 1.21 A T  W= 2.45 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W 3  2.45 RAID/SEC 

STRAIGHT TRUCb::, CG. TO P I N T L E  H(30t:::. 52= 1 . 2 1 3  

!ST. FULL TRAILER,  P I NTLE EYE TO CG. , G.7.: .9Q9 

VEHICLE IENTIFICATION: B2-LEN- iS 

MAX. AHPLIFICATICIN GfiIN FOR W(r3.15 RAD/SEC: 

GM= 1. ,3B AT W= 3.:15 RHD/SEC 

fAMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAID/SEC 

STRA I GHT TRUCK, CG. TO P I N T L E  HODC::, G2=  1,559 

lST ,FULL  TRGILER, F I N T L E  EYE TO C G . .  GJ= 1, <:i72 

VEHICLE IENTIFICATION: F3-LEN-65 

MAX. fiMPLIFICATION GAIN FOR M ~ 3 . 1 5  RAD/SEC: 

GM= 2.3 AT W= 3 .15 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W 3  3.15 RAD/SEC 

STRA I T;f-iT TRUCi:::, CG. TG F' I N T L E  HC3Cb::. (32.. 1 , 7 9 4  

1 ST. FULL TKAILER, F I N T L E  EYE TO 2G. , GJ= i , Z g Z  



VEHICLE IENTIFICATION: B4-LEN-65 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

GM= 1 .52  AT W= 3 . 1 5  RGD'SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RADISEC 

STRAIGHT TR!JCt:::, CG. TO F'IP.4TLE 1-1008:. i32= : .S i?  

1ST,FULL TRAILER, P i N T l E  EYE TQ CG., G3=  . ? 7 1  

VEHICLE IENTIFICATION: FS-LEN-05 

MAX. AMPLIFICATION GhIN FOR W(m3.15 R&D/SEC: 

EM= 1 . 5 7  AT W- z. i5 R&D/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

STRA I I ~ H ' T  TR!JCt:::. CG. TO P I  NTLE HOOC::, GZ= 1 . 5 0 9  

!ST,FULL TRGILER, P INTLE EYE TO CG., G.T= 1 (:It24 



VEHICLE IENTIFICATION: Ef-LEN-65 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

EM= 1 - 6 2  AT W= 3.15 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

3TRA l GH'T TRUCK , CG. TO F' I NTLE H00C::. sz= l.5&9 

!ST. FULL TRAILER, F'I NTLE EYE Ta  CG. isz= . I .  ~ 3 7  

VEHICLE IENTIFICATION: E7-LEN-55 

MAX. AMPLIFICATION GAIN FOR W(n3.15 RAD/SEC: 

Gfy= 1.7J 4.1- Id= 3.15 RAD.iSEC 

AMPLIFICATION GAIN COMPONENTS AT W a  3.15 RAD/SEC 

STEA I GHT 'TR~C~:: : ,  CG. TO I"' I NTLE H@@I:::, G2= 1.5@:! 

1 S'T . FULL TF:AILER, P i  NTLE EYE TO CG. , G3=  :1. 1t:jb 





VEHICLE IENTIFICATION: Dl--LEN 

MAX. AMPLIFICATION GAIN FOR W(z3.15 RAD/SEC: 

EM= 1 .  ee AT w= 3.13 RAC/SEC 

AMPLIFICATION G6IN COMPONENTS AT W= 3.15 RAD/SEC 

(. ,- .?I=!'! I: --TRI; I LEiR, TF:ACTOR CG. TO TRA I I-ER i3G. ? I: :j. = , #3,5 

.- :=;"f - , I-??:> I L E R ,  TF:fi ILEF: (3G. TO TRA :[LE,F: P Ii'jTLE /40@1.::', !3Z= 1 , ?jr?9 

1 Sf .  TRAILER N I L E  EYE 'To CG. , (;z= 1 , zi:j 

VEHICLE IENTIFICATION: D2-I-EP.1 

MAX. AMPLIFICATION GAIN FOR W(s3.15 R#D/SEC: 

EM= 1,YI AT Id= 3,15 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAID/SEC 

SEMI-TRAILER, TRACTOR CG.TO TRAILER CO., !3 1 = . 96 

--. z,c!.TI-TRAf LEF?, TRiiIiEF? CTj. TO TRAILER F IPliLE IiC;ILIt:::, $2- ! , 339 

I ST. FiJLL TRAI LEF:, F'IYJTLE E'Y'E TO CG. , I-T- J.-.- I . ,  251 

VEHICLE IENTIFICATIQN: DJ-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

Gfl=  1 ,  *&a AT W= 3.15 RADiSEC 

AMPLIF I CAT1 ON GA IN COMPONENTS AT W= 3.15 RAiD/SEC 



VEHICLE IENTIFICATION: D4-LEN 

MAX. AMPLIFICATION GAIN FOR W(~3.15 RAD/SEC: 

I ~ M =  1,h 1 AT W= 3.15 RfiD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3-15 RAa/SEC 

SEMI -TRA ILER,  TRACTOR CG. TO TRA I L E R  CO. , "858 

SEpf I -TRA iLER, TRA 1 LER CG. 'ra TRfi I LER P :b[TLE HOQi.:::, sZ=  1 , 5i:)a 

1ST.FlJLL TSAILEA,  Pi?. lTLE EYE TO CG., ST--. 1 251 

VEHICLE IENTIFICATION: DS-LEN 

MAX. AMPLIFICATION GAIN FOR W(s3.15 RAD/SEC: 

EM= 1.47 :qT W= 3.15 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W 3  3.15 RAD/SEC 

ISEMI-"'PA II,ER, TRACTOR CG. TO TRAILER CG. , GI= .756 

SEN I -TSA I LER, TRAILER CG. TO TEA I LER F; I I\ITLE H13(3b::, l32= 1 .4?S 

1ST. FULL TRAILER, P I N T L E  EYE TO CG. , I Z ~ =  LMzi:il 



VEHICLE IENTIFICATION: D6-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

GM= 1 .41  AT W= J.15 RAD!SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

SEMI-TRAILER,  TR4CTOR CG. TO T R A I L E R  CG. , GI- .75i  

"''-4 , C! I L -TRfi i LER, TR(2 i LER CG. TO TRI."I 1 LER F' I N T L E  liC;OC:::, l32= 1 , qL?5 

1 S T . F I I L L  TRAI!-ER, P I N T L E  EYE TO CG., - - 
!2.-,= 1 . 251 

VEHICLE IENTIFICATION: E7-FEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC:: 

GM= 1 - 6 2  AT kJ= 3.05 RAD/SEC 

CIMPLIFICATION GAIN CQNPUNENTS AT W= 3.05 RAD/SEC 

SEMI-TRAILER,  TRACTOR CG. TO T R A I L E R  CG. , GI.= 1.152 

SEMI  -TRA I L E R ?  TF:AI LER CG. TO TRAILEF? P IP lTLE l4O0C:: SZ= 1.355 

! ST. FI,'LL ?FA i l-ER, IF' IPITI-E EYE TC3 2G. , GJ= 1 ,::i4 





G~NP~KG POU OCES 
VEHICLE IENTIFICATION: E l - L E N  

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

BM= l . & 7  AT W= 3 .15  RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

SEMI-TRAII-EF', TRACTOR CG.TI:! T P A I L E R  CG., GI= .36 

SEMI -TBA I LET, T R A I L E R  CG. T r l  TRA I LER F.' I N T L E  iiC701.:::, GZ= 1.5  

1S i .F i ' LL  T R A I L E R ,  F'IPJTLE EYE TI:! CG., G3=  1. 164 

VEHICLE IENTIFICATION: E2-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC,: 

GM= 1 .41  AT W= 2 . 9  RAD/SEC 

AMPLIFICATION GAIN CtJHPONENTS AT W= 2.9 RADISEC 

SEIY I -TRi i  I LER, TRACTOR CG. Tl3 TAA I LER CG. , GI= ,891 

SEN I -TFA I LER , TF:A I LEF: CG. TO TRA I LEH P I N T L E  HOOK, G2=  I .  436 

157". F U L L  T R B I L E R ,  F ' I N T L E  EYE TO ICE, , I;-- -2- * a  i 1 1 4  



VEHICLE IENTIFICATION: EX-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

GM= 1.22 A'T W= 2.45 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 2.45 RAD/SEC 

S E M I - T R A I L E R ,  TRACTOR CG'TO T R A I L E R  CG., GI= .a& 

S E M I  -TRA I L E R  , TRG I L E R  CG. TO TRAILER P I N T L E  HOQK, G2= 1.3(:)6 

1,ST.FLlLL T R A I L E R ,  F'IPJTLE E Y E  TO CG., 133= 1. r:187 

VEHICLE IENTIFICATION: E 4 - L E N  

MBX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

EM= 1.11 A T  W= 1.35 RAD+SEC 

.AMPLIFICATION GAIN COMPONENTS AT W= 1.95 RAD/SEC 

S E M I - T R f i I L E R ,  TRACTOR CG.T@ T R A I L E R  CG., G I =  .878 

C- .-(EM 1 - T R A I L E R  TRA i L E R  CG. Tr3 TRG i L E R  F' I N T L E  HOOt:::, GZ- 1.195 

1 S T . F U L L  T R A I L E R ,  P I N T L E  E Y E  TO CG., G3= 1. (:)&a 





VEHICLE IENTIFICATION: F1 -LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RADISEC: 

EM= 2.24 A T  W= 3.15 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

SEIY I --TRA I LLE, TRACTUR CG. 'TU -rWA I LER CG. , I-; 1 = 1.28- 

SEMI-TEA I L E R ,  TRci I  LER 2 G .  TO TRAILER F ' INTLE  l100t:::. GZ= 1. T 3 2  

1ST.FULL T R A I L E R ,  F ' INTLE  EYE TO C G . ,  G 3 =  1. 3i:i-5 

V!3ICLE IENTIFICATION: FZ-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

EM= 2.14  A T  W= 3.15 RfiD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

3EiYII -T8A I LER, TRACTCR CO, TO TRAILER CG.  , 7.7- GI= lnkiL 

SEP'Z-TRAILER, TRAILER CG.TO TRAILER FINTFE HOOK, G2= 1.359 

1 ST FULL TRHILER!  F' I IVTLE E'Y'E TO C G .  , GT.Z 1.297 

VEHICLE IENTIFICATION: F3-LEN 

MAX. AMPLIFICATION GAIN FOR W<=S.15 RAD/SEC: 

3 M =  I,$? AT W= 3,15 RAD/SEC 

4MPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

:'-TP;i i i-EF THGCT@R CC.. 'TO TRA I LEE CG.  , El= 1, l+S 

S Q l I  --'TR& i LEE, i R &  IiER 1:s. TO TRfi 1 LER F' I N T L E  "iCi@}:::, G2= 1 , Z32 

- ! 57, F l i L L  II,C:R ? { X T l - t  E'fE f r? c ! j .  , 114 i q  256 



VEHICLE IENTIFICATION: F a - L E N  

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

sM= !,84 AT J, i5  RAD,'SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

SET+! I - TRA I L E R ,  Ti?&CT@R CG. TO TRt? I LER CG. , GI= I .!:iQ 

SEp! I -TR& 1 i E R  , 'TRA 1 LEF: CG. T@ TRA i LEF: P 1 NTI-E H(30l:::, 52.. 1 , I$ 

l S T , F U L L  T R A I L E R ,  F ' I N T L E  EYE Ti3 CG., Es= 1 .217  

VEHICLE IENTIFICATION: FS-LEN 

MGX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

EM= 1. -55 4'7 W= 3.i:j5 RAD/'SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.05 RAD/SEC 

S E M I - T R A I L E R ,  TRRCTOR CG.TO T R A I L E R  CG., -9-1 

SEMI-TRAILER,  T R A I L E R  CG.TO T E A I L E R  F'INTLE HOOK, G2= 1.392 

1ST.FULL T R A I L E R ,  P I N T t E  EVE TO CG., Gz= i . 15 





MAX. AMPLIFICATION GAIN FOR W(z3.15 RAD/SEC: 

EM= 3.51 AT W= 3,!5 RAQ/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

- ,- s!:?'I -TSA 1 LER,  TR&CT@E C G ,  'TO TKR I LER C G .  , GI= :i.:L3.3 

:sEi;i I -TRfi I LER,  TRfA I L E R  CE, 'TO TR{q 1 L4R P I I\ITLE iinCi,:.:, GZ= 1 , 582 

1 ST, Fi-)LL T R A I L E R ,  7 1 NTLE TO CG. , ,--- ,,..-,- 1 , 256 

2 -- i s  , =!il-i TRA I L E R ,  CG. TO P I  b !TLE HOflt:::, 1,:4 = 1,+:)2 

2i ' lD; ir!.iLL T R A I L E R ,  F'II\JTLE E'U'E 10  i3G. , r35= i .25,=, 

VEHICLE IENTIFICATION: Sf-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

(- ..?, p, 1- - 2.52 AT W= 3.15 RAD/SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAD/SEC 

-- ,- ,, -,-;-1I - .- --TRP TLEF, TRACTOR izG. To TRAILER CG. , 13 3. .= . 9 $5 

-.-,,. zLi.! '!--rp,. , r; I LES, TF:cq 1 LEF: 12s. TC TR(> I LER P [ NTLE Hont::'. 1 3 2 ~  ! :I. :! - 
, - -- 
,A 2 : , FziL TF:A ,i j-Ej?l? I=': PjTI-E EYE TO !:GI ll IJ,-, .-_. - _ -- ., z? 

1 ET, =[JLL I LER, CG. 'T(3 F '[ NTLE: HCQC:::, --. 1,425 

Zi?iD, /=:.jLi. 'T!;n Ii-EF; ? IP, iTLE EYE TO CG. , GS= ! . 1::s 



VEHICLE IENTIFICATION: GZ-LEN 

EGX. AMPLIFICATION GAIN FOR W<=3.15 RADiSEC: 

4HPLIFICATION G4IN COMPONENTS AT W= 3.15 RAD/SEC 

1- F 9 . .  zzrr I - T R A I L E R ,  TRACTOR CG. TO TRA ILER CG. , GI= 1,237 

GFi.I - - I - i R d  I LER, 'TRfq I LEE  izG. TO TRAILER P I b4TI-E HOQ!:::. GZ= :L . Y?'" - .-'L 

1 S"T. FGLL T R A I L E R "  P I  P.lTLlf EYE Ti3 CG. , ~ 7 -  1, zi 'b 

iST, F U L L  TRA:iLEF:, CG. TO F ' INTLE HCIOt:::, Ga = 1.554 

ZiiLID, FQLL  TRAILER,  PI!'<TI,E EYE TO CG. G 5 =  1,3i-':,=, 

VEHICLE IENTIFICATION: G4-LEN 

MAX. AMPLIFICATION GAIN FOR W(~3.15 RAD/SEC: 

GM= 5.3 AT W= 3.15 R&D,iSEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3-13 RAD/SEC 

::Epll -Ti?R SLER, TRACiCiR ZG. TO I R A  I LER CG. , 1.222 

3Ei.I 1 -T';;A I LER?  I R A  ILEF: CG. TO TF:& I L E R  F. I PlTLE H(3Ql::. , 32- .!. , .?59 

! 2 :- - I , F U L L  TRA ILER,  ?II!JTi-E EYE T g  CO, :, 1.25- 

:ST, F U L L  T R A I L E R ,  CO. Ti3 PZPJTLE HS)OP:. I 134 = 1.381 

z?.tD. I-IJLL Tq;? 1 i,Ef, I" IPJTLiZ ::YE 70 cG, , ~5~ 1.237 



VEHICLE IENTIFICATION: GS-LEN 

MAX. AMPLIFICATION GAIN FOR W<=3.15 RAD/SEC: 

izM= ,s. 13 AT $J= z .  15 R;AD./SEC 

AMPLIFICATION GAIN COMPONENTS AT W= 3.15 RAil/SEC 

C C .,. ---, .r 8 -- 
,,,I I I - : n.P A it;: ;r "TRACTCIR CG. TO TAG 1 LER 2 G .  1 3 1 ~  ~ ~ 1 3  

\.d 1 -TPP 1 i-EF; TF:ij f LER Cr j  a TRC) I LEF. F' I I\jTLE iiO0F:::, !32= .: , T22 

1 ST.  T5AILEP7 PINTLE EYE T O  C G ,  , I::= 1,2";, 

-- 1 :2 i ., Fii!,i 'TF::; I LER, CG . TO F I NTLE HOOC::, i.4 = 1 , b.1 [:I 2 

'/\JD. F { J L i  T'IA:[LEs .:, F' IT.ITLE EYE T a  CG. ? - 55= .IJ& 

.ZNL;. Fi-11-L T R A I  LEE, CG. TO F' I NTLE HOOF:::, G&= b,,'+i:jZ 

,- - SEE. F l iLL  rRAILER, F'INTLE EYE TO CG. , l~ :, = 1 x zzi, 





Rearward Amplification - Length Var ia t ion,  B-Trains 

Xaneuver: Continuous s t e e r i n g  s inusoid  (using l i n e a r  yaw 
plane model) 

Speed: 55 mph (88 km/h) 

Vehicle: B-train doubles - curves i d e n t i f i e d  by t r a i l e r  
lengths  a s  l i s t e d  below 



: :\ '.., '\ k. \ . 
1. 

. '. '. 
'*. 

'., .. \ '. ' \ 
27 FT TRAILERS - BASEL~K* '. 

o-------- 30 FT TRAILERS q. \ .*.. 
35 FT TRAILERS --. '-. 

FREQ CRAD/SECI 
LENGTH VARIATICNS - B-TRAINS 











Results  from Full-Scale Tests  



- Conf igura t ion:  3 Axle S t r a i g h t  Truck ("ST-2"). 

- Power Unit :  Wheelbase: 209 i n .  
Axle-group Rated C a p a c i t i e s  : 
f r o n t  - 12,000 l b ;  r e a r  - 38,000 l b .  

- Tes t  Condit ions and Codes: 

1 Payload I Axle Loads/1000 l b .  I / 
Code I c ~ H e i g n t ( i n . ) f  11 2 3 / 1000 l b s .  ( Notes 

I I t I I 

4 6 

- Tes t  Procedure P l o t s  Tes t  Condit ions : 
I 

b a s e l i n e  

93.0 

70.5 

1. S t r a i g h t  Line  Braking 

2 .  Braking i n  a turn 

1 2  

12  

3 .  Trapezoida l  S t e e r  

4. S i n u s i o d a l  S t e e r  

C 1  & C2-dry & wet,  
C3-wet only .  

34 

34 

C 1  & C2-dry & wet, 
C3-wet only .  

I 

a l l  

b i a s  r e a r  

5 0 

5 0 

none 

h igh  C.G.  

r a d i a l s  f r  . , 



BRAKE COMMAND PRESSURE CPSII 

STRAIGHT TRUCK 
STRAIGHT LINE BRAKING - DRY 



BRAKE COMMAND PRESSURE CPSII 

STRAIGHT TRUCK 
STRAIGHT L INE BRAKING - WET 



BRAKE COMMAND PRESSURE CPSIJ 

STRAIGHT TRUCK 

BRAKING IN A TURN - DRY 



STRAIGHT TRUCK 

BRAKING IN A TURN - DRY 

W 
I- 
< o m  M 
3 0.0 
2 3. -- 
x < 
",a -- 

LONGITUDINAL ACCELERATION CG'SI 
I I I I I 

1 4 I 1 1 I 
0.1 0.2 0.3 0. 4 0.5 0.6 



BRAKE COMMAND PRESSURE CPSII 

STRAIGHT TRUCK 

BRAKING IN A TURN - WET 



STRAIGHT TRUCK 
BRAKING IN A TURN - WET 

15. - 
12. -- 

9. -- 

6.9- 
C3 
W 

3.-- 
W 
I- 

0 PL 

3 b. 
-3. -- 

41 < 
-6. e 

-9. 

-12. 

-15. 

LONGITUDINAL ACCELERATION CG'SI 
I I 1 I I i i 1 1 i h 

0 0.1 0.2 0.3 0.4 0.5 0.6 

-- 

-- 

-- 

A 



I I 

1 
I A A 
1 u. u 4 t I 

I 
1 

-300. -200. -100. 100. 200. 300. 
STEERING WHEEL ANGLE COE83 

TRAPEZOIDAL STEER 

STRAIGHT TRUCK 



I 

A,, 4s 

ABSCRmL/Vl-ABSCDSW/NGl CDEGI 

STRAIGHT TRUCK 



1 I n nl 
L 

I 
L u. u I I I 

1 
I 

-300. -200. -100. 100. 200. 30 
STEERING WHEEL ANGLE CDEGI 

-0.5- 

TRAPEZOIDAL STEER 

STRAIGHT TRUCK 



LATERAL ACCELERATION CG'SI 

STRAIGHT TRUCK 

TRAPEZOIDAL STEER 



- Configuration: 3 ,hie Tractor-Semitrailer ("TI-TRlf') 

- Power Unit: - Wheelbase: 135 in. 
Axle-group Rated Capacities: 
front-12,000 lb ; rear-23,000 lb . 

- Trailer(s): No. of axles in group Length (ft) 

$1: 1 2 7 

- Test Conditions and Codes: 
Axle Loads/1000 lb. - GCW 

Code I CG Height (in.) I 11 21 3 1 1000 lb.! Notes 

- Test Procedure Plots Test Conditions: 

1. Straight Line Braking C1 & C2 

2. araking in a Turn C1 & C2 

3. Tra ezoidal Steer P all 

4. Sinusiodal Steer C1 only 

TI-TR1-C1 

TI-TR1-C2 

TI-TR1-C3 

I 

8 0 

8 0 

20 

22 

22 

11 

11 

11 

20 

22 

22 

52 Ibaseline 

5 6 

5 6  radials fr., 
bias rear 



BRAKE COMMAND PRESSURE CPSII 

TWO AXLE TRACTOR- 27 FT TRAILER 
STRAIGHT L INE  BRAKING - 

DRY SURFACE 



BRAKE COMMAND PRESSURE CPSII 

TWO AXLE TRACTOR- 27 FT TRAILER 
STRAIGHT LINE BRAKING 

WET SURFACE 



BRAKE COMMAND PRESSURE (PSI1 

TWO AXLE TRACTOR- 27 FT TRAILER 
BRAKING I N  A TURN 

DRY SURFACE 



LLJ 
I- 

0. QL 

3 
< 

0 
2- -3. 

LONGITUDINAL ACCELERATION CG'SI 

TWO AXLE TRACTOR- 27 FT TRAILER 
BRAKING IN A TURN 

DRY SURFACE 



BRAKE COMMAND PRESSURE [PSI1 

TWO AXLE TRACTOR- 27 FT TRAILER 
BRAKING I N  A TURN 

WET SURFACE 



I LONGITUDINAL ACCELERATION CG'SI 

TWO AXLE TRAILER- 27 FT TRAILER 
BRAKING IN A TURN 

WET SURFACE 



M STEERING WHEEL ANGLE CDEGI 

TWO AXLE TRACTOR- 27 FT VAN T R A I L E R  



TWO AXLE TRACTOR- 27 FT VAN TRAILER 



LATERAL ACCELERATION CG'SI 

TWO AXLE TRACTOR- 27 FT V A N  TRAILER 



STEERING INPUT AMPLITUDE CDEGI 

TWO AXLE TRACTOR- 27 FT TRAILER 
SINUSOIDAL STEER 

TWO SEC PERIOD 



TWO AXLE TRACTOR- 27 FT TRAILER 

0.5 

n 
0 . 4 ~ ~  

v, 
U 

13 
a 
J 

0.30- 
z 
W 

i- 

u 
P < 
= 0.2- 
3 
a * 

0.1-- 

0.0 

SlNUSQlDAL STEER 

I 

1 b 1 1 I 

0.0 0.1 0.2 0.3 0.4 

TWO SEC PERIOD 

TRACTOR PEAK LATERAL ACCELERATION CG'SI 



2.5- 

n 

5 2.0.- 
\ 
z 
>- 
< 
U 

1 5- W 

L- < 
U 
W 

LI 
W 

J 
e r 1 0-- < 
n 
111 < 
3 
LT 

3 0.5- 
LT 

0.04 t 

1 
I 1 

1 I t 

0.0 0.1 0.2 0.3 0.4 
PEAK TRACTOR LATERAL ACCELERATION CG'SI 

TWO AXLE TRACTOR- 27 FT TRAILER 
SINUSOIDAL STEER 

TWO SEC PERIOD 



: 5  Axle Trac tor -Semit ra i le r  ("~3-TR6"). 

- Power Unit : Wheelbase: 142 i n .  
Axle-group Rated Capac i t i e s :  
f ront I12 ,000 l b  ; rear -  34,000 lb . 

- Test  Condit ions and Codes: 

- T r a i l e r ( s ) :  No. of a x l e s  i n  group - 
If: 2 

l e n g t h  ( f t . )  

45 

Code 

T3-TR6-C1 

T3-TR6-C2 

T3-TR6-C3 

T3-TR6-C4 

- Test  Procedure P l o t s  

1. S t r a i g h t  Line Braking 

2 .  Braking i n  a Turn 

3. Trapezoidal  S t e e r  

4. S inuso ida l  S t e e r  

Payload 
CG He iah t ( in . )  

7 0 

7 8 . 5  

7 0 

70 

Tes t  Condit ions : 

C 1 ,  C2 & Empty 

C 1 ,  C2 & Empty 

All 

C 1  only  

T3-TRS-Empty - Empty 

M e ,  L o a d s / 1 ~ 0 0  l b s .  
1 

12 

12  

10 

10 

GCW I 

1 0 r l b .  

80 

8 8 

8 0 

80 

2 3 

34 

38 

35 

35 

Notes 

Base l ine  

Radia is  fr ,  Bias r e a r  

4 5  

34 

3 8  

35 

35 



BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR- 45 F T  TRAILER 
STRAIGHT L INE BRAKING 

DRY SURFACE 



BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR- 45 FT T R A I L E R  
STRAIGHT LINE BRAKING 

WET SURFACE 



BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR- 45 FT TRAILER 
BRAKING IN A TURN 

DRY SURFACE 



LONGITUDINAL ACCELERATION CG'S3 

THREE AXLE TRACTOR- 45 FT TRAILER 
BRAKING IN A TURN 

DRY SURFACE 



m ti- 
+ 

0 0 + 36 + 
9 &+2& m 

m 

BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR- 45 FT TRAILER 
B R A K I N G  IN A TURN 

WET SURFACE 



I LONGITUDINAL ACCELERATION CG'SI 

THREE AXLE TRACTOR- 45 FT TRAILER 
B R A K I N G  I N  A TURN 

WET SURFACE 



-300. -200. -100. 100. 200. 300. 
STEERlNG WHEEL ANGLE IDEGI 

THREE AXLE TRACTOR- 45 FT TRAILER 
TRAPEZOIDAL STEER 



LATERAL ACCELERATION CG'SI 

THREE AXLE TRACTOR- 45 FT T R A I L E R  
TRAPEZOIDAL STEER 



THREE AXLE TRACTOR- 45 FT TRAILER 
STEERING RATIO= 50 



STEERING INPUT AMPLITUDE [REG3 

THREE AXLE TRACTOR- 45 FT TRAILER 
SINUSOIDAL STEER 

TWO SEC PERIOD 



TRACTOR PEAK LATERAL ACCELERATION CG'SI 

THREE AXLE TRACTOR- 45 FT T R A I L E R  
S I N U S O I D A L  STEER 

TWO SEC PERIOD 



PEAK TRACTOR LATERAL ACCELERATION CG'SI 

THREE AXLE TRACTOR- 45 FT TRAILER 
SINUSOIDAL STEER 

TWO %EC PERIOD 



- Configuration: - g. 
- Power Unit: Wheelbase: 145 in. 

Me-group Rated Capacities : 
front-- 12,000 lb; rear - 38,000 lb. 

- Test Conditions and Codes: 

- Trailer(s) : No. of Axles in group 

1 2 

Payload Axle Loads/1000 lb. GCW 
Code /CG Heipht(in4 1 1 2 3 / 4 5 1000 lb. / Notes 

length (it). 

4 5 

- Test Procedure Plots I Test Conditions : 

34 

30 

34 

3 8 

1. Straight Line Braking 

2. Braking in a Turn 

3. Trap20 idal Steer 

4. Sinusoidal Steer 

Baseline 

Partial loading 

High CG, 80 K 

3 4 

16 

C1 & C2-dry & wet, 
C3 & C4-wet only. 

l4 3 8 I 88 , High CG, 88 K 

8 0 

5 8 

C1 & C2-dry & wet, 
C3 & C4-wet only. 

All. 

Cl only. 



BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR - 45. FT TRAILER 
STRAIGHT LINE BRAKING - DRY 



BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR-45 FT TRAILER 
S T R A I G H T  L INE BRAKING-WET 



m 
x ti- 

BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR045 FT TRAILER 
BRAKING IN A TURN - DRY 



LONGITUDINAL ACCELERATION CG'SI 

THREE AXLE TRACTOR - 45 FT TRAILER 
BRAKING I N  A TURN - DRY 



BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR045 FT TRAILER 
BRAKING I N  A TURN - WET 



13 
U 
D 

w LONG 1 TUD I NAL ACpFi FRAT 1 ON C ' S3 

THREE AXLE TRACTOR - 45 FT TRAILER 
BRAKING IN A TURN - WET 



STEER l NG 

TRAPEZOIDAL STEER 

WHEEL ANGLE CDEGI 

THREE AXLE TRACTOR - 45 FT TRAILER 



THREE AXLE TRACTOR- 45 FT T R A I L E R  
TRAPEZOIDAL  STEER 

13 
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z- T7-TR6-C2 
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0- T7-TRG-C4 



LATERAL ACCELERATION CG'SJ 

THREE AXLE TRACTOR- 45 FT TRAILER 

TRAPEZOIDAL STEER 



ABSCR*L/Vl-ABSCDSW/NG3 CDEGI 

THREE AXLE TRACTOR-45 FT TRAILER 



STEERING INPUT AMPLITUDE CDEGI 

SINUSOIDAL STEER 
TWO SEC PERIOD 

THREE AXLE TRACTOR045 FT TRAILER 



TRACTOR PEAK LATERAL ACCELERATION CG'SI 

SINUSOIDAL STEER 
TWO SEC PERIOD 

THREE AXLE TRACTOR-45 FT TRAILER 



PEAK TRACTOR LATERAL ACCELERATION CG'S3 

SlNUSOIDAL STEER 
TWO SEC PERIOD 

THREE AXLE TRACTOR045 FT TRAILER 



- Configuration: 5  Axle Tractor-Semitrailer ("TS-TR6"). 

- Power Unit: - Wheelbase: 209 in. 
Axle-group Rated Capacities : 
front - 12,000 lb; rear - 38,000 l b .  

- Trailer(s) : No. of axles in group I length (f t .) 

#I: 2 I 4 5  

- Test Conditions and Codes: 
Payload Axle Loads/1000 lb. GW 

Code / CG Height (in.)/ 1 l 2 3  1 4 5  1 10Tlb. I Notes 
I I I I 1 I 

70 

7 8 . 5  

7 0 

70 

- Test Procedure Plots 
1. Straight Line Braking 

2. Braking in a Turn 

3. Trapezoidal Steer 

4. Sinusoidal Steer 

12 

12 

10 

10 

Test Conditions: 

C1 & C2. 

C1 & C2. 

All. 

C1 only. 

34 

3  8 

35 

35 

34 

38 

3  5 

3 5 

80 

8 8 

80 

8 0 

Baseline 

Radials fr . , 
Bias rear 



BRAKE COMMAND PRESSURE CPSII 

LWB TRACTOR - 45 FT TRAILER 
STRAIGHT LINE BRAKING - DRY 



BRAKE COMMAND PRESSURE CPSII 

LWB TRACTOR - 45 FT TRAILER 
STRAIGHT LINE BRAKING - WET 



BRAKE COMMAND PRESSURE CPSII 

LWB TRACTOR - 45 FT TRAILER 
BRAKING I N  A TURN - DRY 



LONGITUDINAL ACCELERATION CG'SI 

LWB TRACTOR - 45 FT TRAILER 
BRAKING I N  A TURN - DRY 



BRAKE COMMAND PRESSURE CPSII 

LWB TRACTOR - 45 FT TRAILER 
BRAKING I N  A TURN - WET 



LONGITUDINAL ACCELERATION CG'SI 

L W B  TRACTOR - 45 FT TRAILER 
BRAKING IN A TURN - WET 



-0. I t  STEERING WHEEL ANGLE COEGI 

TRAPEZOIDAL STEER 

LWB TRACTOR - 45 FT TRAILER 



LWB TRACTOR - 45 FT T R A I L E R  



STEERING INPUT AMPLITUDE CDEGI 

SINUSOIDAL STEER 
T W O  SEC PERIOD 

LWB TRACTOR - 45 FT TRAILER 
188 
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SINUSOIDhL STEER 
TWO SEC PERIOD 

THREE AXLE TRACTOR-45 FT TRAILER 
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0. 0 0.1 0.2 0. 3 0.4 
TRACTOR PEAK LATERAL ACCELERATION CG'SI 



SINUSOIDhL STEER 
TWO SEC PERIOD 
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LWB TRACTOR - 45 FT TRAILER 
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0.0 0.1 0.2 0.3 0.4 
PEAK TRACTOR LATERAL ACCELERATION CG ' S3 



- Configurat ion:  5 Axle Double ("TI-TR1--TR2") - 
- Power Uni t :  - Wheelbase: 135 i n .  

Axle-group Rated Capac i t i e s :  
f r o n t  - 12,000 l b ;  r e a r  - 23,000 l b .  

- Test  Condit ions and Codes : 

- T r a i l e r  ( s )  : No. of  a x l e s  i n  group I l e n g t h  ( f t . )  

# l  : 1 

- Test  Procedure P l o t s  I Tes t  Condit ions:  
I 

2 7 

Payload Axle Loads/1000 l b s .  GCd 

1. S t r a i g h t  Line Braking 

2. Braking i n  a Turn 

3. Trapezoida l  S t e e r  1 All 

4.  S inuso ida l  S t e e r  A 1  :L 

1 0 0 E b . l  Ndtes Code / CG He igh t ( in )  

TI-TRl-TR2-C1 I 73 80 

8 8 TI-TR1- TR2- C2 

T1-TR1-TR2- Emp t y  

1 

9.5 

9.5 

Base l ine  

Em? t y  

80 

- 

4 1 5 2 

18 

20 

17.5 

19.5 

3 

17.5 

19.5 

17.5 

19.5 



TWO 

BRAKE COMMAND PRESSURE CPSI3 

AXLE TRACTOR- TRAILERS 
STRAIGHT LINE BRAKING 

DRY SURFACE 



TWO 

BRAKE COMMAND PRESSURE CPSII 

AXLE TRAILERS 
STRAIGHT LINE BRAKING 

WET SURFACE 



BRAKE COMMAND PRESSURE CPSII 

TWO AXLE TRACTOR- 2 27 FT TRAILERS 
BRAKING IN A TURN 

DRY SURFACE 



LONGITUDINAL ACCELERATION CG'SI 

0 
TWO AXLE TRACTOR- 2 27 FT TRAILERS 

BRAKING IN A TURN 

DRY SURFACE 



BRAKE COMMAND PRESSURE CPSII 

. TWO AXLE TRACTOR- 2 27 FT TRAILERS 
B R A K I N G  IN A TURN 

WET SURFACE 



I LONGITUDINAL ACCELERATION CG'SI 

TWO AXLE TRACTOR- 2 27 FT TRAILERS 
BRAKING I N  A TURN 

WET SURFACE 



TWO AXLE TRACTOR- 2 27 FT TRAILERS 
TRAPEZOIDAL STEER 
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l 100. 200. 300. 
STEERING WHEEL ANGLE CDEG3 

t- TI-TR1-TR2-C2 
3- TI-TR1-TRZ-62 
0- TI-TR1-TR2-EMPTY 



LATERAL ACCELERATION CG'SI 

TWO AXLE TRACTOR- 2 27 FT T R A I L E R S  
TRAPEZOIDAL STEER 
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-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 
ABSCR*t/Vl-ABSCDSW/NGl CDEG3 

TWO AXLE TRACTOR- 2 27 FT TRAILERS 
TRAPEZOIDAL STEER 



STEERING INPUT AMPLITUOE CDEGI 

TWO AXLE TRACTOR- 2 27 FT T R A I L E R S  
SINUSOIDAL STEER 

TWO SEC PERIOD 



TRACTOR PEAK LATERAL  ACCELERATION CG'S3 

TWO AXLE TRACTOR- 2 27 FT TRAILERS 
SINUSOIDAL STEER 

TWO SEC PERIOD 



TRACTOR PEAK LATERAL ACCELERATION CG'SI 

TWO AXLE TRACTOR- 2 27 FT TRAILERS 
SINUSOIDAL STEER 

TWO SEC PERIOD 



- Configurat ion:  7 Axle T r i p l e  ("TI-TU-TR2-TR3") 

- Power Unit :  Wheelbase: 135 i n .  
.We-group Rated Capac i t i e s  : 
f r o n t  - 12,000 l b ;  r e a r  - 23,000 l b .  

- Test  Condit ions and Codes: 

Payload Axle Loads/1000 l b  GCW 
Code lCGHeip ;h t ( in . ) I  1 2 1 3 t h r u 7  / 1 0 0 ~ b . I N o t e s  

I I 
19 .5  16  1 15 - 5  each 1 103 1 Basel ine  

- Test  Procedure P l o t s  

1. S t r a i g h t  Line Braking 

2 .  Braking i n  a Turn 

3.  Trapezoida l  S t e e r  

4 .  S inuso ida l  S t e e r  

Tes t  Condit ions : 

C 1 

C 1  

No 

C 1  



BRAKE COMMAND PRESSURE CPSI3 

TWO AXLE TRACTOR- 3 27 FT TRAILERS 
STRAIGHT L I N E  BRAKING 

DRY SURFACE 



BRAKE COMMAND PRESSURE CPSII 

TWO AXLE TRACTOR- 3 27 FT TRAILERS 
STRAIGHT L I N E  BRAKING 

WET SURFACE 



BRAKE COMMAND PRESSURE CPSII 

TWO AXLE TRACTOR- 3 27 FT TRAILERS 
BRAKING :IN A TURN 

DRY SURFACE 



LONGITUDINAL ACCELERATION CG'SI 

TWO AXLE TRACTOR- 3 27 FT TRAILERS 
BRAKING  IN A TURN 

DRY SURFACE: 



BRAKE COMPlANO PRESSURE CPSII 

TWO AXLE TRACTOR- 3 27 FT T R A I L E R S  
BRAKING IN A TURN 

WET SURFACE 



LONGITUDINAL ACCELERATION CG'SI 

TWO AXLE TRACTOR- 3 27 FT TRAILERS 
BRAKING IN A TURN 

WET SURFACE 



St- 

STEERING INPUT AMPLITUDE COEGI 

TWO AXLE TRACTOR- 3 27 FT T R A I L E R S  
SINUS:OIDAL STEER 

TWO SEC PERIOD 



TRACTOR PEAK LATERAL ACCELERATION CG'SI 

TWO AXLE TRACTOR- 3 27 FT T R A I L E R S  
SINUSOIDAL STEER 

TWO SEC PERIOD 



PEAK TRACTOR LATERAL ACCELERATION 

TWO AXLE TRACTOR- 3 27 FT TRAILERS 
SINUSQIDAL STEER 

TWO SEC PERIOD 



- -uration: Rocky Mountain Double ("T7-TR6-TR8") 

- Power Unit :  
P 

Wheelbase: 145 i n .  
Axle-group Rated Capac i t i e s  : 
f r o n t  - 12,000 l b ;  r e a r  - 38,000 l b .  

- T r a i l e r ( s )  : Ho. of a x l e s  i n  rou  l e n  t h  f t )  

I f :  - 12 : :i 
- Test  Condit ions and Codes: 

T7-TR6-TR8-C1 68 ] 10 1 32 1 30 1 15 / 15 / 102 I Basel ine  

Pay load  Axle Loads/P000 l b .  - GCW 
Code I CGHeight ( in)  [ l  1 2  3 1  4 5 1  6 1  7 1  1OOOlb.l Notes 

t I i I I I 

- Tes t  Procedure P l o t s  ( Test Condit ions:  

1. S t r a i g h t  Line Braking 

2. Braking i n  a Turn 

3. Trapezoida l  S t e e r  

4. S inuso ida l  S t e e r  

no 

no 

C l  

C 1 



TRAPEZO I D A L  STEER 

THREE AXLE TRACTOR + 45 FT TRAILER + 27 FT TRAILER 



LATERAL ACCELERATION CG'SI 

THREE AXLE TRACTOR + 45 FT TRAILER + 27 FT TRAILEF 
TRAPEZOIDAL STEER 



THREE AXLE TRACTOR + 45 FT TRAILER + 27 FT TRAILER 



STEERING INPUT AMPLITUDE CDEG3 

THREE 'AXLE TRACTOR+45 FT TRAILERi27 FT TRAILER 

SINUSOIDAL STEER 
TWO SEC PERIOD 



TRACTOR PEAK LATERAL ACCELERATION CG'SI 

THREE AXLE TRACTORt45  FT TRAILER+27 FT  TRAILER 

SINUSO113AL STEER 
TWO SEC PERIOD 



PEAK TRACTOR LATERAL ACCELERATION CG'SI 

THREE AXLE TRACTOR+45 FT TRAILER+27 FT TRAILER 
SINUSOIDAL STEER 

TWO SEC PERIOD 



- Conf igura t ion:  Turnpike Double ("T3-TR5-TR6") 

- Power Unit :  Wheelbase: 142 i n .  
Axlegroup Rated Capac i t i e s :  
f r o n t  - 12,000 l b ;  r e a r  -34,000 l b .  

- T r a i l e r  ( s )  : 

if1 : 45 

!I 2 4 5  

- Test  Condit ions and Codes: 

- Test  Procedure P l o t s  

1. S t r a i g h t  Line Braking - Yes 

2. Braking i n  a Turn - Yes 

3 .  Tra jezo ida l  S t e e r  - Yes 

4.  S i n u j o i d a l  S t e e r  - Yes 

Payload Axle Loads/1000 l b  GCW 
Code CG t ie ight ( in)  1 1 2 3 1 4 5 6 7 8 9 1 lm l b .  Notes 

Base l ine  25 1 113 T3-TR5-TR6 1 25  6 7 25  



BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR- 2 45 FT TRAILERS 
STRAIGHT LINE BRAKING 

DRY SURFACE 



BRAKE COMM,AND PRESSURE CPSII 

THREE AXLE TRACTOR- 2 45 FT TRAILERS 
STRAIGHT L INE BRAKING 

WET SURFACE. 



BRAKE COMMANO PRESSURE CPSII 

THREE AXLE TRACTOR- 2 45 FT TRAILERS 
BRAKING I N  A TURN 

DRY SURFACE 



LONGITUDINAL ACCELERATION 6G'SI 

THREE AXLE TRACTOR- 2 45 FT TRAILERS 
BRAKING IN A TURN 

DRY SURFACE 



BRAKE COMMAND PRESSURE CPSII 

THREE AXLE TRACTOR- 2 45 FT TRAILERS 
BRAKING IN A TURN 

WET SURFACE 



LONGITUDINAL ACCELERATION CG'SI 

THREE AXLE TRACTOR- 2 45 F T  TRAILERS 
BRAKING I N  A TURN 

WET SURFACE 



THREE AXLE TRACTOR- 2 45 FT TRAILERS 

, n nl  , t f I 

I I w. U I 
I 

1 

-300. -200. -100. 100. 200. 300. 

TRAPEZOIDAL STEER 

-0. lam STEERING WHEEL ANGLE CDEGI 



LATERAL ACCELEIRATION CG'SI 

THREE AXLE TRACTOR- 2 45 FT TRAILERS 
TRAPEZOIDAL STEER 
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-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 
ABSCRrL/Vl-ABSCDSW/NGl CDEGI 

THREE AXLE TRACTOR- 2 45 FT TRAILERS 
TRAPEZOIDAL STEER 

NG=SO. 



STEERING INPUT AMPLITUDE CDEGI 

THREE AXLE TRACTOR- 2 45 FT TRAILERS 
SINUS0 I IIAL STEER 

TWO SEC PERIOD 



THREE AXLE TRACTOR- 2 45 FT TRAILERS 
SlNUSOlDAL STEER 
TWO SEC PERIOD 
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0. 0 0.1 0.2 0.3 0.4 
TRACTOR PEAK LATERAL ACCELERATION CG'SI 



THREE AXLE TRACTOR- 2 45 FT TRAILERS 
SINUSOIDAL STEER 
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PEAK TRACTOR LATERAL ACCELERATION CG'SJ 



SINE WAVE PERIOD CSJ 

THREE AXLE TRACTOR- 2 45 F T  TRAILERS 
SINUSOIDAL STEER 






