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1, SCOPE: 

This document s e t s  f o r t h  a method by which the  t u r n i n g  a b i l i t y  and o f f  
t r a c k i n g  o f  motor v e h i c l e s  can be determined. 

TURNING ABIL ITY  

2. DEFINITIONS: 

2.1 

2.2 

2.3 

2 . 4  

TURNING CENTER: That p o i n t  about which a l l  p a r t s  o f  a v e h i c l e  or 
combination of  veh ic les  revo lve  i n  desc r ib ing  a t u r n  of  constant  rad ius .  
For i d e a l  s tee r ing ,  f r e e  o f  t i r e  scrubbing, the  extended a x i s  o f  a l l  wheel 
sp ind les passes through t h i s  center .  I n  the case of  two-axled bogies or 
tandems I n  which the ax les are const ra ined t o  p a r a l l e l i s m ,  the t u r n i n g  
center  i s  assumed t o  f a l l  on a l i n e  p a r a l l e l  t o  and midway between these 
ax le  c e n t e r l i n e s  (see F igure 1 ) .  

TURNING RADIUS: The d is tance from the  t u r n i n g  center  t o  the  center  o f  t i r e  
con tac t  w i t h  the road o f  the wheel desc r ib ing  the  l a r g e s t  c i r c l e ,  whi le the  
v e h i c l e  i s  execut ing i t s  sharpest p r a c t i c a b l e  t u r n  ( u s u a l l y  t o  the  ou ts ide  
f r o n t  wheel) (see F igure 1 ) .  

TURNING DIAMETER: Twice the t u r n i n g  rad ius  (see  F igure  1 ) .  

TURNING DIAMETER - WALL-TO-WALL: The diameter o f  the  smal les t  c i r c l e ,  which 
w i l l  enclose the outermost p o i n t s  o f  p r o j e c t i o n  o f  the v e h i c l e  whi le 
execut ing i t s  sharpest p r a c t i c a b l e  t u r n .  This  i s  equal t o  the  minimum 
t u r n i n g  diameter p l u s  t w i c e  the r a d i a l  overhang beyond the  t u r n i n g  rad ius  
(see F igure  1 ) .  

SAETechnical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. 
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement 
arising therefrom, is the sole responsibility of the user.’’ 

CAE reviews each technical report at leasí every five years at which time it may be reafi irmed, revised, or cancelled. SAE invites your 
written comments and suggesUons. 
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4, FACTORS OF FRONT AXLE CONFIGURATION: 
TR - Turning rad ius  (see  F igure  1 )  
TD - Turning diameter 
T - Track o f  t i r e s  a t  ground (see F igure  2 )  
PC - Distance between knuckle p i v o t  centers  a t  ground 
OS - O f f s e t ,  p i v o t  center  t o  t r a c k  o f  t i r e  a t  ground 
Ca - Camber angle o f  wheel, loaded 
K I  - K ingp in  i n c l i n a t i o n  f rom v e r t i c a l  
KS - K ingp in  spacing 
TW - T i r e  w id th  
WB - Wheelbase3 
LL - Cross s t e e r i n g  l e v e r  l eng th  
LP - Cross s t e e r i n g  l e v e r  p o s i t i o n  
LA - Cross  s t e e r i n g  l e v e r  angle from ax le  c e n t e r l i n e  ( t r u e )  
RR - R o l l i n g  rad ius  o f  t i r e  
ITa  - I n s i d e  wheel t u r n i n g  angle (see  F igure 3 )  
OTa - Outside wheel t u r n i n g  angle ( s e e  F igure 3)  
H - Height  o f  center  o f  k i n g p i n  from ground ( loaded) 
R - Radius t o  p i v o t  center  fo r  c o r r e c t  wheelbase (see F igure  3)  
RS - Radius t o  p i v o t  center  for  sho r te r  than c o r r e c t  wheelbase (see  F igure  3 )  
RL - Radius t o  p i v o t  center  f o r  longer  than correct wheelbase (see  F igure  3 )  
C - Curb contac t  leng th  (see  F igure  4) 
CR - Curb clearance rad ius  (see F igure 4) 
CI - Curb clearance increment (see F igure  4) 
TOS - T i r e  o f fse t  measured a long sp ind le  c e n t e r l i n e  

5 .  FORMULAS: 
5.1  Several o f  the  f o l l o w i n g  formulas use the t e r m  p i v o t  centers ,  the  d is tance 

between knuck le p i v o t  centers  measured a t  the ground. 
ca l cu la ted  f rom g iven ax le  dimensions as follows: 

P i v o t  centers  can be 

PC = KS + 2 (RR Cos Ca + TOS S in  Ca) x t an  K I  (Eq .  1 )  

For small measures o f  camber angle o f  wheel, loaded, the  fo rmula  for  p i v o t  
centers  can be s i m p l i f i e d  w i t h  l i t t l e  loss o f  accuracy to: 

PC = KS + 2 RR x t an  K I  (Eq.2)  

5 . 2  To determine t u r n i n g  diameter4 w i t h  a g iven wheelbase5 and f r o n t  ax le  
c o n f i g u r a t i o n  (see F igure 3)  : 

5 . 2 . 1  With c o r r e c t  wheel base6: 

(Eq. 3)  

5 . 2 . 2  With wheelbase sho r te r  than c o r r e c t  (SWB): 

3See Footnote 1 .  
4See Footnote 2 .  
5See Footnote 1 .  
6See Footnote 1 .  

\ / 
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5.2.3 With wheelbase longer than correct (LWEI): 

5.3 To determine configuration required t o  provide a given turning diameter (see 
Figure 3): 

5.3,1 Given plvot centers, offset, and wheelbase7, t o  find the turning angle 
necessary t o  front wheels: 

ITa = arccot 

5.3.2 Given offset and turning angle of outside front wheel, to fitid the 
necessary wheel base (see Figure 3)  : 

5.4 To determine curb clearance increment to turning radius (see Figure 4): 

CI = xm- TR (Eq.8) 

5,5 To determlne correct cross steering lever configuration for a given 
wheelbase8 and pivot centers (see Figure 3 ) .  

The conventional tie-rod 1 inkage cannot provide perfect Ackerman geometry 
for all turn angles. In addition, it is often necessary t o  use one linkage 
configuratlon for several different wheel bases. The solution I s ,  therefore, 
not a simple answer to a set of equations. It i s  a cut and try iterative 
process of examining various alternatives with respect to all wheelbases. 
Most engineering organizations use computer programs to compare the proposed 
design to perfect Ackerman geometry and then choose the best available 
desi gn. 

A detailed graphical method may be found in Appendix 1 of SAE publication 
SP-374, The Truck Steering System from Hand Wheel to Road Wheel. SP-374 i s  
available from SAE,  400 Commonweal th Drive, Warrendale, PA 15096. 

6 ,  FIELD TEST PROCEDURE: 

6.1 Check steering geometry allgnment and correct, if necessary. 

7See Footnote 1 .  
b e e  Footnote 1 .  
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6.2 Check the  f r o n t  wheel c u t  angles t o  manufacturers '  recommendations. Wheel 
stops should be so s e t  t h a t  the minimum clearance between the t i r e  and the 
nearest  p o i n t  o f  in te r fe rence i s  29 mm; o r ,  so t h a t  w i t h  the  whee1,stops i n  
contac t ,  a margin of a qua r te r  t u r n  o f  the s t e e r i n g  wheel i s  l e f t  before the 
maximum t r a v e l  of the s t e e r i n g  gear i s  reached. 
i n t e r f e r e n c e  w i l l  be the l i m i t i n g  f a c t o r  and i n  o the rs ,  the s t e e r i n g  gear 
t r a v e l  w i l l  l i m i t  the maximum c u t  angle,  

I n  soine cases, t i r e  

6.3 Load the  veh ic le  t o  the maximum recommended gross weight.  

6.4 Run the veh ic le  on a d ry ,  f l a t  apron, making tu rns  i n  both d i r e c t i o n s  i n  low 
gear a t  engine i d l e  speed. The wheels should be turned t o  the  maximum c u t  
angle.  A t  l e a s t  two complete c i r c l e s  should be made before  making 
measurements. The path of  the  ou ts ide  wheel i s  marked on the  pavement by 
pour ing  water on the tire wh i le  making the complete c i r c l e .  

6.5 To determine the  t u r n i n g  diameter,  measure f rom the midpo in t  o f  t i r e  contac t  
t r a c e  on the pavement t o  a s i m i l a r  p o i n t  across the diameter o f  the  t race .  
Turning rad ius  w i l l  be h a l f  t h i s  d is tance,  and the  t u r n i n g  center  w i l l  be a t  
the midpo in t  o f  the diameter.  

6.6 To determine the curb c learance increment, p lace  a s t r a i g h t  edge 
h o r i z o n t a l l y  across the  ou ts ide  face  o f  the t i r e  a t  an e l e v a t i o n  o f  150 mm 
above the pavement surface, and w i t h  a plumb l i n e ,  l oca te  the  p o i n t  on the 
pavement d i r e c t l y  beneath the foremost p o i n t  o f  contac t  between the  s t r a i g h t  
edge and the t i r e  shoulder.  The d is tance f rom t h i s  p o i n t  t o  the  t u r n i n g  
center  i s  the curb c learance rad ius ,  and the d i f f e r e n c e  between i t  and the 
t u r n i n g  rad ius  i s  the curb c learance increment. 

6.7 To determine the  t u r n i n g  diameter, wa l l - to -wa l l ,  drop a plumb Tine f rom the 
e x t r e m e  ou ts ide  r a d i a l  extens ion o f  the v e h i c l e  and l o c a t e  the  p o i n t  on the 
pavement d i r e c t l y  beneath i t .  The d is tance thence t o  the  t u r n i n g  center  i s  
the veh ic le  c learance rad ius ,  tw ice  which i s  the  t u r n i n g  diameter,  
Wal 1-to-Wal 1 .  

7. GRAPHICAL DETERMINATION: 

A l t e r n a t i v e  t o  the mathematical formulas and f i e l d  tes t .p rocedures  above, 
determinat ions may be made by the  graph ica l  o r  draf tman's  method i n  
accordance w i t h  the fo l l ow ing  procedures. Resul ts  secured by t h i s  method, 
l i k e  those by the mathematical method, a re  t h e o r e t i c a l  and may be somewhat 
l e s s  exact.  The f o l l o w i n g  graph ica l  method i s  somewhat eas ie r  and more rap  

I n  F igure 5, dimensions are de f ined and the  sequence o f  opera t ions  
by the c i r c l e d  numerals: 

Given p i v o t  centers ,  o f fse t ,  ou ts ide  wheel t u r n i n g  angle,  and whee 

7.1 Draw a h o r i z o n t a l  l i n e  represent ing  the l o n g i t u d i n a l  c e n t e r l i n e  o f  
chassi s .  

d: 

i nd i ca ted  

base: 

the 

7.2 Draw a second l i n e  perpendicu lar  t o  the f i r s t  l i n e ,  rep resen t ing  the 
c e n t e r l i n e  o f  the f r o n t  ax le .  
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7,3 Locate a p o i n t  on the second l i n e  a d is tance above the chassis c e n t e r l i n e  
equal t o  h a l f  the d is tance between p i v o t  centers .  

7 . 4  Through t h i s  p o i n t ,  draw a l i n e  a t  an angle t o  the f r o n t  ax le  c e n t e r l i n e  
equal t o  the ou ts ide  f r o n t  wheel t u r n i n g  angle. 

7,5 Locate a p o i n t  on t h i s  l i n e  a d is tance above the p i v o t  center  equal t o  the 
o f f s e t  o f  the c e n t e r  o f  the tire track from the p i v o t  center .  This i s  the 
f r o n t  wheel t rack .  

7 , 6  A t  a p o i n t  on the chassis cen te r l i ne ,  a d is tance from i t s  i n t e r s e c t i o n  w i t h  
the f r o n t  ax le  c e n t e r l i n e  equal t o  the wheelbase, drop a perpendicu lar  l i n e  
i n t e r s e c t i n g  the diagonal  l i n e  f rom the p i v o t  center .  This i s  the  t u r n i n g  
center ,  

7 , 7  Measure the d is tance from t h i s  center  t o  the p o i n t  on the diagonal  
represent ing the f ron t  wheel t rack .  This i s  the t u r n i n g  rad ius .  

OFF TRACKING 

8 ,  DEFINITIONS: 

See Sect ion 2 .  

8.1 A t y p i c a l  o f f  t r a c k i n g  s i t u a t i o n  f o r  a t r a c t o r  s e m i t r a i l e r ,  i n c l u d i n g  
d e f i n i t i o n s ,  i s  shown i n  F igure 6 ,  

8 . 2  O f f  t r a c k i n g  i s  the d i f f e r e n c e  i n  r a d i i  f rom the t u r n i n g  center  to  the 
veh ic le  c e n t e r l i n e  a t  the foremost and rearmost ax les o f  a veh ic le  or 
combination and represents the increase beyond the tangent t r a c k  occasioned 
by a t u r n  (see F igure  6). 

8.3 Tyrníng t r a c k  i s  the r a d i a l  w id th  between centers o f  road contact  o f  the 
outermost and innermost t i r e s  o f  a veh ic le  or combination of  veh ic les  i n  
nego t ia t i ng  a tu rn .  I n  the case o f  dual t i r e s ,  center  o f  road contac t  i s  
taken t o  be t h a t  midway between those o f  i n d i v i d u a l  t i r e s  (see F igure 6). 

8 . 4  @fiex$J: I n  a d d i t i o n  to  phys ica l  t r i a l ,  there  are two methods by which the 
amount o f  o f f  t rack ing  may be determined, namely, mathematical ly and 
g raph ica l l y .  These two methods were publ ished i n  SAE 3695 approved October 
1954 and rea f f i rmed  w i thout  change i n  June 1963. Since these methods 
requ i red  a very good knowledge o f  mathematics and graphics,  many f l e e t  
operators  and others found these methods t o o  cumbersome and compl icated t o  
use. I n  recent  years,  data have been developed, which are accurate enough 
t o  use f o r  a l l  p r a c t i c a l  purposes. Therefore, the o l d  mathematical and 
graphic metiiods have been deleted f rom t h i s  p u b l i c a t i o n .  The new method was 
developed by the Western Highway I n s t i t u t e  and a d e t a i l e d  d iscuss ion i s  
presented i n  Research Committee Report No. 3, " O f f  Tracking Charac te r i s t i cs  
of  Trucks and Truck Combinations.tt An equat ion i n  the c a l c u l a t i o n  o f  
maximum o f f  t r a c k i n g  was used as the bas is  f o r  o f f  t r a c k i n g  d is tances when 
the rad ius  o f  curve i s  known and the squares o f  the component wheelbases o f  
a combination have been t o t a l l e d .  Thus, the method has become known as the 
t t ~ u m  o f  the squares." I t  i s  t h i s  method, easy t o  c a l c u l a t e  and simple to  
apply, which i s  recommended as a general p rac t i ce .  
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9 .  FACTORS OF OFF TRACKING: 

9.1 

9.2 

9 . 3  

9 . 4  

Amount of O f f  ,Trackinq: The amount of  o f f  t r a c k i n g  v a r i e s  d i r e c t l y  w i t h  the 
wheelbase leng th  o f  a u n i t  and i n v e r s e l y  w i t h  the  rad ius  o f  the t u r n  through 
which the veh ic le  t r a v e l s .  I t  a l s o  va r ies  w i t h  the degree o f  t u r n  through 
which a v e h i c l e  t r a v e l s .  I n  t h i s  regard,  i t  can be genera l l y  s ta ted  t h a t  
the amount o f  o f f  t r a c k  w i l l  increase up t o  the p o i n t  where a veh ic le  i s  
n e g o t i a t i n g  a 270 deg t u r n .  Around t h a t  p o i n t ,  the  maximum o f f  t r a c k  w i l l  
occur.  The procedure g iven he re in  deals o n l y  w i t h  de termin ing  maximum off 
t r a c k ,  The magnitude of  o f f  t r a c k i n g  i s  a l s o  a f f e c t e d  by the number and 
l o c a t i o n  o f  a r t i c u l a t i o n  po in ts .  
o f f  t rack ing ,  such as the  type o f  curve (s imple,  compound, reverse) ,  speed 
and t u r n i n g  a b i l i t y  o f  the veh ic le ,  i n f l a t i o n  and c o n d i t i o n  o f  t i r e s ,  and 
others. However, the  r e s u l t s  ob ta ined by the  method of  the  sum o f  squares 
are  c o n s i s t e n t l y  i n  approxlmate agreement w i t h  r e s u l t s  der ived  f rom ac tua l  
f i e l d  t e s t s .  

There are other f a c t o r s  t h a t  i n f l uence  the 

-. Neolaf-ive O f f  Tracking: Negative o f f  t r a c k i n g  r e s u l t s  from the  
contra-behavior t o  the normal tendency on the p a r t  of the  f o l l o w i n g  wheels 
t o  t r a i l  inward ly  from the foremost wheel as the v e h i c l e  performs a t u r n i n g  
maneuver. Negative o f f  t r a c k i n g  i s  the r e s u l t  o f :  

a. Rear ax le  overhang ( r e a r  ax le  t o  p i n t l e  hook) o f  a towing v e h i c l e  or, 

b. S t i nge r  s tee r ing ,  a coup l ing  sys tem t h a t  s h i f t s  the  p o i n t  o f  
a r t i c u l a t i o n  between towing and towed u n i t s  from the p i n t l e  hook 
p o s i t i o n  rearward by means o f  a rod  or " s t i n g e r "  a t tached t o  the towing 
un i  t. 

A x l e  . I n te rva l s  and H i t c h  Distances: For the de terminat ion  o f  o f f  t r a c k i n g  
of s i n g l e  or combination u n i t s ,  i t  i s  necessary o n l y  t o  measure the  spacing 
between ax les  or ax le  groups wheelbase and h i t c h  d is tances .  This  d is tance 
or wheelbase i s  i d e n t i f i e d  i n  the case o f  three-axled veh ic les  as the 
d is tance f rom the f r o n t  ax le  center  t o  a p o i n t  midway between the  two r e a r  
ax les .  For t h i s  purpose, the f ron t  ax le  or ax le  group ( e i t h e r  o f  a s i n g l e  
u n i t  or o f  the towing u n i t )  i s  i d e n t i f i e d  by the  l e t t e r  A, the second by B ,  
the t h i r d  by C,  e t c .  The l e t t e r  P represents  h i t c h  po in ts ,  normal ly  the  
p i n t l e  hook i n  a combination having two or more cargo u n i t s  bu t ,  
a l t e r n a t i v e l y  any p o i n t  of a r t i c u l a t i o n  o the r  than the  p i n t l e  hook. 
the component d is tances for  purpose o f  determin ing maximum o f f  t r a c k i n g  for  
a t r a c t o r  s e m i t r a i l e r ,  w i t h  a f u l l  t r a i l e r ,  shown as v e h i c l e  No. 2 i n  
Table 1 ,  are ax le  d is tance AB, BC, and DE and the  ax le- to-p in t le-hook 
d is tance CP and the p in t le-hook- to-ax le (or towbar) PO. 

Thus, 

-_... Determ1naf;ion .--. -... o f  O f f  Tracking: Table 1 demonstrates the  method o f  
determin ing maximum o f f  t r a c k i n g  for  f o u r  t y p i c a l  veh ic les .  Any one o f  the 
f o u r  veh ic les  shown i n  Table 1 would serve as w e l l  as any other t o  
demonstrate the ease w i t h  which F igure  7 or Table 2 may be used i n  o b t a i n i n g  
a c lose  est imate o f  maximum o f f  t rack ing .  For v e h i c l e  No. 2, the  sum o f  the 
squares o f  the wheelbases and h i t c h  d is tance i s  999,  as shown i n  column 6 .  
This f i g u r e  i s  the t o t a l  o f  the f i v e  e n t r i e s  i n  column 5 for  t h i s  veh ic le .  
I t  i s  the  a lgeb ra i c  sum of  the squares o f  those f i v e  e n t r i e s .  The sum i s  
descr ibed as a lgeb ra i c  because i t  inc ludes  the  negat ive  e f f e c t  on o f f  
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9 . 4  (Continued): 

t r a c k i n g  produced by the rearward sweep o f  the p i n t l e  hook behind the rear  
ax le  o f  the first t r a i l e r .  I t s  e f f e c t  i s  the same, i n  general character ,  as 
t h a t  produced by l o c a t i o n  o f  the k i n g p i n  i n  a p o s i t i o n  forward of  the 
tractor r e a r  ax le ,  Normally the k i n g p i n  o f f se t  var ies  8 t o  16 i n ,  and i t s  
e f f e c t  on the o f f  t r a c k i n g  r e s u l t  i s  minimal. For p r a c t i c a l  purposes, i t  
may be then assumed t h a t  the k i n g p i n  i s  centered over the t r a c t o r  r e a r  ax le  
o r  t runn ion  i n  case o f  a tandem and no negat ive o f f  t r a c k i n g  i s  invo lved 
here. Because o f  t h a t ,  no p o i n t  P need be considered when working w i t h  a 
coupl ing assumed t o  be d i r e c t l y  over an a x l e  or a x l e  group like a t  a f i f t h  
wheel such as i s  found on a t r a c t o r - s e m i t r a i l e r ,  Whereas column 3 shows the 
wheelbase i n  f e e t  and inches, these must  be converted t o  decimal f e e t  shown 
i n  column 4. The f i g u r e s  (decimal f e e t )  shown i n  column 4 are squared and 
are shown in column 5. When the squares o f  the wheelbase (column 5) are 
t o t a l l e d  (column 6>, reference i s  made e i t h e r  t o  F igure 7 or Table 2.  For 
veh ic le  No. 2 ,  the c h a r t  i s  entered a t  999 (1000 f o r  a l l  p r a c t i c a l  purposes) 
on the h o r i z o n t a l  or sum-of-the-square scale on F igure 7 and the o f f  
t r a c k i n g  read on the v e r t i c a l  scale. On a 50 f t  rad ius ,  the o f f  t r a c k i n g  i s  
1 2 . 6  f t .  This same reading i s  obtained by us ing Table 2. 

The ( R I  i s  f o r  the convenience o f  the user i n  l o c a t i n g  areas where techn ica l  
rev is ions  have been made t o  the previous i s s u e  o f  the r e p o r t .  
next  t o  the  r e p o r t  t i t l e ,  i t  ind ica tes  a complete r e v i s i o n  o f  the r e p o r t .  

I f  the symbol i s  
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FIGURE 2 - Diagram Illustrating Factors of Front Axle Configuration 

5695 

FIGURE 3 - Diagram Illustrating Effect of Wheelbase on Turning Radius 
with a Given Front Axle Configuration 
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FIGURE 4 - Curb Clearance Diagram 
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FIGURE 5 - Grapliica Procedure for Determination of Turning Radius 
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1 
3 

TURNING 
MAXIMUM PATH OF 
VEHICLE FRONT AXLE 
WIDTH CENTERPOINT 

/' \ 

TURNING CENTER 

FIGURE 6 - Typica l  O f f  Track ing  S i t u a t i o n  

8 
12 41 

O 
O 400 800 1200 1600 2000 2400 2800 3200 3600 4000 

13721 I7431 ilil 51 II4861 II85 81 122301 126011 129731 i334 41 137161 

SUM OF 1HE SOVARES OF 1HE IHEELEASES-FT' IM'I 

FIGURE 7 - Maximum O f f  Track ing  o f  V e h i c l e s  According t o  
Sum o f  Squares of  T h e i r  Component Wheelbase, for 
Various Se lec ted  Curve R a d i i  
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17.00 
(5.181 
31.17 
( 9 . m  

TABLE 1 - Interior Dimensions o f  Illustrative Vehicles and Maximum O f f  Tracking 
Values From Figure 7 or Table 2 

1 0 - 0  

2C-2  

- 2 4  

6-0 

21-4 

OAL = 55 11 (16.76mj 

10.00 
(3.05) 
20.17 
(6.15) 
-230 

(-0.76) 
6.W 
(1.83) 

21.50 
(6.55) 

A B  C 

OAL - 65 tf i19.Blm) 

1 0 - 0  

2C-2  

- 2 4  

6-0 

2 1 - 4  

- 2 4  

6-0 

21-6 

- -  
A B  c \pD  E 

OAC 95 11 128.96m) 10.00 
(3.05) 

20.17 
(6.15) 

-2.50 
(-0.76) 

6.00 

21.50 
(6.55) 

-2.50 
(-0.76) 

6.00 
(1.831 

2130 
(6.55) 

(1 .e31 
G 

- -  - -  
A B  C \ , O  

OAL = 1 00 1t (i0.48m) 17-9 

33-3 

-4-0 

7-1 

31-10 

A 0  

17.75 
(5.41) 

33.25 
(1 0.1 4) 
-4.00 

(-1.22) 
7.08 

(2.16) 
31.83 
(9.70) 

- 

(2) 

MH. 
WfO- 
mM( - 
A0 

BC 

A0 

BC 

C P  

PD 

DE 

A0 

BC 

CP 

PD 

DE 

EP 

PÇ 

FG 

A0 

BC 

C P  

PD 

DE 

Wh..lboSO' 

(SI 
W h d  
ban 

h w d  
W(m9 

289.00 
(26.05) 

971.30 
(90.24) 

100.00 
(9.191 

406.71 
(37.78) 
-6.25 

(-0.58) 
36.00 
(3.34) 

462.25 
(42.94) 

100.00 
(9.19) 

406.7 1 
137.781 
-6.25 

1-0.581 
36.00 
(3.341 

462.25 
(42.94) 
-625 

14-58) 
36.00 
(3.34) 

462.25 
(42.94) 

3 15.06 
(29.27) 

1105.56 
(102.71) 
-16.00 
(-1.49) 

10.17 
14.661 

1013.34 
(94.14) 

(6) 
Sum of 

)9<Hns of 
Whnl- 
b a n n  
W ( d )  

1260 
(117.05) 

999 
(92.8 1) 

1491 
(138.51) 

2468 
(229.28I 

- 
(7) 

u)* 
(1S.W) 
(m) - 

16.6 
(5.06) 

12.6 
(3.84) 

21.5 
(6.55) 

c 

Moxlmun 011 Tmddn#Ai(m) 
If Radiw of h o  la: 

(a) 

7s H 
(1286) 

(m) - 

9.5 
(2.90) 

7.4 
(2.26) 

11.6 
(3.54) 

19.2 
(5.85) - 

(9) 

110 h 
(-1 
(m) 

5.5 
u.681 

4.4 
(1.34) 

6.7 
(2.04) 

11.1 
(3.38) 1 

(10) 

lbs H 
i-) 
in) - 

3.9 
(1.19) 

3.1 
(0.95) 

4.8 
(1.46) 

7.8 
2.38) , 

Whwlbosr, rwr 0x1. to plntir hook, or p i n k  hook to Iront oxk or Mir. 
b P drnotrs pink hook. 
e Thls value i s  boyond Fig, 7 and Toblr 2. Off hack of over 40 f i  could b. rxpaciod, indicating th vrhid. is pivoting around he reor ox10 group r o h  than moking o hoe rolling him. 
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