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COMMENTS OF GENERAL MOTORS CORPORATION 

WITH RESPECT TO STEERING EFFORT 

DESCRIPTION 

The National Highway Traffic Safety Administration (NHTSA) is considering rule 

making action in the area of steering effort. A request for performance 

and technical information on this subject was sent to Mr. E. N. Cole by 

Mr. Robert Carter, Associate Administrator, Motor Vehicle Programs. Steering 

effort data and design guidelines were requested for standing vehicles and 

those operating at various speeds. Data applicable to loss of pump driving 

power, loss of hydraulic fluid, speed, tire inflation, misalignment, loading, 

steering column angle, braking, and road roughness are desired. 

SUMMARY OF GENERAL MOTORS INFORMATION 

1. General Motors does not have established guidelines for steering effort 

performance. Steering effort performance for manual and power steering 

vehicles is established mainly through subjective evaluation and judgment 

of what is commercially acceptable to the driving public. In addition, a 

steering rim force test procedure has been developed so that vehicles can 

be objectively compared. During the development of a new chassis design, 

these tests are performed for comparison with previous models as well as 

competition. 

2. Various attempts to establish steering effort guidelines based on driver 

force capability have yielded widely divergent results. Human effort 

research is complicated by many experimental and measurement problems. 

These include motivation, learning, anthropometry, task requirements, the 



n a t u r e  of t h e  performance me t r i c ,  and s t a t i s t i c a l  problems inhe ren t  

wi th  de f in ing  t h e  performance of extremes i n  t h e  d r i v e r  popula t ion  

d i s t r i b u t i o n .  When a l l  a t tempts  t o  measure d r i v e r  f o r c e  c a p a b i l i t y  

a r e  compared, i t  i s  c l e a r  t h a t  t h e s e  f a c t o r s  have a major i n f luence  

on t h e  r e s u l t s  observed and experiments t r u l y  r e p r e s e n t a t i v e  of t h e  

f i e l d  s i t u a t i o n  have y e t  t o  be run. 

3 .  The h ighes t  e f f o r t  requirements  a r e  encountered f o r  low speed maneuvers 

a t  moderately h igh  l a t e r a l  a c c e l e r a t i o n s  i n  l a r g e  front-heavy v e h i c l e s  

where power a s s i s t a n c e  has been l o s t  due t o  pump b e l t  breakage, engine 

s ta l l ,  o r  o t h e r  malfunct ion.  These e f f o r t  l e v e l s  a r e  inf luenced  mostly 

by f r o n t  wheel weight and s t e e r i n g  r a t i o  al though c a s t e r  alignment 

s e t t i n g ;  t i re  type, p re s su re ,  and wear state; and s t e e r i n g  system 

mechanical e f f i c i e n c y  a l s o  c o n t r i b u t e  t o  a mfnor degree. I f  t h e r e  is a 

s a f e t y  problem as soc ia t ed  wi th  power-off s t e e r i n g  e f f o r t ,  t h i s  should 

be  most o f t e n  observed where l a r g e  front-heavy c a r s  a r e  opera ted  by 

r e l a t i v e l y  weak female d r i v e r s .  L i t t l e  acc iden t  d a t a  i s  a v a i l a b l e  

where l o s s  of power assist is  a l l e g e d  t o  be a causa l  f a c t o r .  However, 

t hose  cases  which have been reviewed f a i l  t o  show a preponderance of 

t h e  weak female-big c a r  s i t u a t i o n .  Dr ive r s  and v e h i c l e s  involved i n  

l o s s  of power assist acc iden t s  appear t o  be r e p r e s e n t a t i v e  of 

t h e  e n t i r e  d r ive r -veh ic l e  populat ion.  That is, ha l f  of t h e  involved 

d r i v e r s  a r e  males and most of t h e  v e h i c l e s  a r e  moderately s i zed .  This  

sugges ts  t h a t  change i n  e f f o r t  r e s u l t i n g  from a l o s s  of power 

a s s i s t a n c e  may be a s t ronge r  causa l  f a c t o r  than  t h e  magnitude of t h e  

f a i l e d  power e f f o r t .  Therefore,  improvement i n  t h e  p re sen t  system 



might b e s t  b e  achieved by cont inuing t o  minimize t h e  frequency of 

power a s s i s t a n c e  f a i l u r e  and t r a i n i n g  d r i v e r s  t o  cope wi th  c a r s  when 

f a i l u r e s  occur ,  r a t h e r  than  at tempting t o  r e g u l a t e  l e v e l s  of power-off 

e f f o r t .  

4.  The c u r r e n t  General Motors t e s t  f o r  s t e e r i n g  f o r c e  performance inc ludes  

s t a t i c  measurement of t h e  force-s teer ing  wheel ang le  r e l a t i o n s h i p  f o r  a 

s t a t i o n a r y  v e h i c l e  and dynamic measurement of t h e  f o r c e - l a t e r a l  a c c e l e r a t i o n  

r e l a t i o n s h i p  f o r  quasi-steady s t a t e  condi t ions  a t  10  mph and 30 mph. The 

road test i s  conducted on a l a r g e  paved s u r f a c e  where a d r i v e r  can slowly 

apply s t e e r i n g  wheel ang le  a t  cons t an t  v e h i c l e  speed through t h e  range 

of f0.45 G l a t e r a l  a c c e l e r a t i o n  without  concern f o r  t h e  r e s u l t i n g  v e h i c l e  

pa th .  The road test i s  a p p l i c a b l e  t o  manual and power s t e e r i n g  v e h i c l e s  

i nc lud ing  t h e  c a s e  of s imulated power f a i l u r e  through removal of t h e  pump 

d r i v e  b e l t .  The s t a t i c  t e s t  is  no t  run  i n  t h e  power-off condi t ion  s i n c e  

t h e s e  d a t a  a r e  no t  of any apparent  s i g n i f i c a n c e  t o  s a f e t y  o r  customer 

convenience. 

The p l o t s  made i n  t h e  v e h i c l e  during t h e s e  maneuvers a r e  i n t e r p r e t e d  i n  

v a r i o u s  ways. Gradients  and p o i n t s  of i n f l e c t i o n  might b e  t abu la t ed  

f o r  t e s t s  of power s t e e r i n g  c a r s .  For manual s t e e r i n g  c a r s  o r  s imulated 

power-off t e s t s ,  f o r c e  l e v e l s  a t  0.25 G a r e  f r equen t ly  t abu la t ed .  This  

p o i n t  w a s  a r b i t r a r i l y  s e l e c t e d  f o r  v e h i c l e  comparison t o  provide t h e  

most r epea t ab le  d a t a  i n  a cond i t i on  t h a t  is c l o s e  t o  t h e  most s eve re  

c a s e  f o r  many veh ic l e s .  Vehicles  t e s t e d  i n  a power-off cond i t i on  e x h i b i t  

a l a r g e  band of s t e e r  f o r c e - l a t e r a l  a c c e l e r a t i o n  h y s t e r e s i s .  The va lue  

t abu la t ed  r e p r e s e n t s  t h e  f o r c e  requi red  t o  g radua l ly  achieve  a 0.25 G 

l a t e r a l  acce l e ra t ion .  Due t o  h y s t e r e s i s ,  much l e s s  f o r c e  i s  requi red  



to hold the vehicle at that condition. These data are therefore 

difficult to compare with human strength measurements. If power 

should fail during a 0.25 G maneuver, less than the indicated force 

is required to sustain the maneuver. A driver required to quickly 

initiate a 0.25 G maneuver with failed power steering will apply more 

than the indicated force due to inertia and damping effects. 

5. Since there were no major chassis model changes represented in 1974 

GM passenger cars, no quantity of data exists at this time for this 

model year. Data for recent models will be presented as a function of 

front wheel weight. These plots can probably be used to estimate the 

performance of 1974 model cars. 

6 .  NHTSA should carefully consider the consequences of restrictive 

regulation of steering effort performance for manual steering cars 

and the power-off condition for power steering cars. An attempt to 

modify the existing state-of-the-art with a restrictive regulation 

could leave manufacturers between two undesirable alternatives of 

providing costly backup systems for cars or increasing steering 

gear ratios. A significant increase in steering ratio, resulting 

from an unrealistic effort requirement, could lead to a decrease in 

maneuverability and accident avoidance capability. The few accidents 

related to loss of power assistance would not appear to justify a 

general degradation of vehicle capability. Similarly, the costlbenefit 

ratio of a backup system should be carefully evaluated. 



GENERAL COMMENTS 

Motor vehicles must obviously be designed so that the forces required 

for control are in all situations compatible with operator capabilities. 

Establishing objective proof of compatibility is difficult and must 

necessarily involve an objective vehicle test procedure, knowledge of 

available data on human capability, review of field performance and 

accident data. Driving experience with a variety of vehicles is also 

helpful when all of these clinical data are finally combined and interpreted. 

Critical conditions for power steering failures which might lead to a design 

guide are extremely difficult to define. General Motors does not believe 

the state-of-the-art in this area is sufficiently well advanced to permit 

such definitions, nor does the accident picture appear to warrant concern. 

The following paragraphs will define the state-of-the-art in the areas of 

objective vehicle testing, human steering force capabilities measurement, 

current levels of steering effort on GM vehicles, and results of accident 

data file searches for accidents associated with loss of power steering. 

Steering Effort Objective Tests 

General Motors has used a variety of test procedures over a period of years 

to objectively evaluate steering system performance. Up to the late 1960fs, 

steering effort tests were run with an instrumented steering wheel that 

could be readily adapted to any vehicle steering system. Peak steering 

torques were read on a meter as a test driver maneuvered the vehicle along 

a painted road course approximating a cosine-like path at a fixed speed. 

Static effort was also measured with this system. The equipment was developed 

when many vehicles still had manual steering. 



As power steering became more prevalent, a new approach to steering system 

testing was developed. Earlier torque wheels scaled for manual systems 

were not suitable for power system evaluation. A new torque wheel with a 

more versatile transducer was designed to adapt to the steering shaft spline. 

The earlier test procedure required considerable driver skill for speed 

and path control. An improved test procedure was developed to be less 

dependent on the driver and provide more than a single numerical evaluation 

of peak steering force. Force data are now recorded on an X-Y plotter in 

the car as a function of lateral acceleration. Steady state lateral 

acceleration is accurately calculated as the product of vehicle velocity 

and yaw rate obtained from an onboard gyro. The driver's task is simply 

0 
to maintain speed and slowly rotate the steering wheel at about 30 /sec 

while the plotter traces a loop of steering torque vs lateral acceleration 

in the range of 20.45 G. Tests are repeated several times and the results 

treated statistically. Speeds of 30 mph are used to represent normal driving 

and speeds of 10 mph represent parking lot maneuvering. This approach re- 

quires a large paved area such as the Vehicle Dynamics Test Area at the GM 

Proving Ground. A detailed procedure is in Appendix A. 

Driver Capability 

A survey of the literature shows several studies that attempt to define 

human effort capability. These include work done at Harvard(')*, Ford (2)  

and Man Factors, Inc. ( 3 ) .  General Motors has conducted similar studies 

and additional work where driver motivation levels higher than those in 

the published literature are believed to have been achieved. When the 

results and methodology of all studies are compared, it is evident that 

human capability observed in any experiment is strongly influenced by the 

nature of the experimental procedure. 

"Numbers in parentheses ( ) indicate reports listed in the Reference. 
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Motivation is one of the most dominant factors. It is difficult to achieve 

high motivation levels in an experiment using a steering buck. It is also 

difficult to achieve high motivation levels in vehicle studies because of 

potential hazards to drivers. GM work has indicated that many drivers will 

elect to stop a vehicle when steering assistance is lost at speeds in the 

10 mph to 15 mph range. Drivers do not make a strong effort to use one mode 

of control when an effective alternative is available. Thus instrumented 

vehicle tasks of this nature have resulted in low observed steering force 

levels. GM studies run at higher speeds, in situations demanding that the 

driver exercise steering control, have indicated much higher efforts than 

those observed in GM low speed studies or those reported by other investigators. 

The GM studies, run at higher speeds, illustrate another important aspect 

of driver force capability testing. Effort required to complete the desired 

task can affect the maximum effort levels determined. The GM study was run 

at two effort levels, but both within the capabilities of a majority of subjects. 

Two different maximum effort levels were observed. 

Other experimental variables, such as the technique for measurement of 

maximum effort (sustained or peak), type of task (transient or near steady 

state), can all affect human capabilities measurements. It is likely that 

any practical experiment done on a proving ground will not duplicate behavior 

in a real potential precrash situation. Therefore, any determination of 

driver capability should be interpreted with caution. 

Typical Steering Force Test Results 

Raw data plots for the GM Steering Force Test Procedure are shown in 

Figures 1, 2, 3 and 4 for a static test on a manual gear car, dynamic 

test of a manual car, power-on, and power-off tests of a power gear car. 



Tabulations of data taken with vehicles of various front wheel weights 

are shown in Figures 5, 6, 7 and 8 for the corresponding conditions. The 

conditions for tabulation (0.25 G lateral acceleration at 30 mph) were 

chosen somewhat arbitrarily as explained previously. Vehicles are all 

GM products from the past four model years. 

Field Data 

Data arising from customer usage of various vehicles is sure to be the 

most dependable source for direction on effective improvements to the 

vehicle system. The studies conducted at Indiana university(4) included 

the accident causation category of "binding4(undue effort required)" 

which would seem applicable to the situation of excessive steering effort. 

No accidents of this category were tabulated among the 999 studied. 

A review was made of the General Motors file of so-called "1241 forms". 

These forms are generally filed by the divisional zone offices as the 

result of an investigation of an alleged vehicle safety defect. Of a total 

of approximately 23,000 such forms, 210 (0.9%) were cases in which 

power steering failure was alleged and/or possiblg and of these 82 

(0.4%) were identified as cases where power steering failure was probably 

involved . 

Maximum power-off effort studies have concentrated on females; and, based on 

strength studies, one would expect females to be over-represented in these 

cases. In addition, the power-off effort levels increase as front end weight 



i n c r e a s e s ,  and one would expect  a n  over-involvement of l a r g e  ca r s .  However, 

of t h e  82 cases  where power s t e e r i n g  f a i l u r e  was probably involved,  only 

24 (29%) of t h e  d r i v e r s  were female and only 3 were d r i v i n g  luxury sedans. 

Thus, i t  i s  apparent  t h a t  power s t e e r i n g  f a i l u r e s  are a very small percentage 

of t h e  i n c i d e n t s  repor ted  i n  t h i s  f i l e  and t h e r e  i s  no evidence which would 

suggest  weaker members of t h e  popula t ion  o r  heavy c a r s  a r e  over-involved. 

This  would imply t h a t  some o t h e r  a spec t  of power s t e e r i n g  f a i l u r e  ( r a t h e r  

than  t h e  magnitude of t h e  e f f o r t )  was involved. 

S tud ie s  of M I C  acc ident  f i l e s  have a l s o  been conducted. Of 7012 in jury-  

only acc iden t s ,  46 (0.7%) cases  were a l l eged  t o  have had some form of power 

s t e e r i n g  f a i l u r e .  Unfortunately,  only a l l e g a t i o n s  of t h e  d r i v e r s  a r e  

r epo r t ed  i n  t h i s  f i l e .  Without suppor t ing  material and independent v e r i f i c a t i o n  

of t h e  l o s s  of power s t e e r i n g ,  i t  is d i f f i c u l t  t o  a s s e s s  t h e  a l l e g a t i o n s .  

None of t h e  ca ses  could be p o s i t i v e l y  i d e n t i f i e d  as having power s t e e r i n g  

f a i l u r e s .  

SPECIFIC COMMENTS 

The NHTSA has  requested information on s t e e r i n g  e f f o r t  r e l a t i n g  t o  1974 

passenger c a r s  ranging from s tandard  s i z e d  s t a t i o n  wagon t o  subcompacts. 

Data w a s  reques ted  wi th  regard t o  a l l  s t e e r i n g  systems a v a i l a b l e  on a 

p a r t i c u l a r  v e h i c l e ,  as w e l l  as s p e c i f i c  cond i t i ons  of t h e  t e s t .  Because of 

t h e  minimal model changes f o r  1974, General Motors does no t  have d a t a  on 

any 1974 models. W e  w i l l  a t tempt  t o  respond t o  t h e  s p e c i f i c  NHTSA ques t ions  

wi th  app ropr i a t e  d a t a  from p r i o r  model years .  



1. Stationary Vehicle Steering Effort - The NHTSA requested information 

on steering effort plotted vs steering wheel angle for a stationary 

vehicle. When power assist was available, additional data were 

requested with loss of power assist (loss of pump drive) and after 

loss of the hydraulic fluid. 

The General Motors steering effort test procedure (Appendix A) has 

been used for most steering effort tests since 1970. However, standard 

practice has been to conduct the following tests on vehicles. 

Type of Steering Test Type Data Taken 
i 

Stationary I Torque vs Steering Wheel Angle 

Manual Torque vs Lateral Acceleration 

Torque vs Lateral Acceleration 

Torque vs Lateral Acceleration 

Thus, the only data for which steering effort vs steering wheel angle 

are available are for manual steer vehicles (Figure 1). This and all 

other steering data presented (Figures 1 through 8) were taken at 

two passenger load with new tires. All steering gear adjustments, wheel 

alignments and tire pressures were set to nominal specifications for 

the particular vehicle tested. 

Stationary data are taken on a 3M grit surface so that tire-road 

interface effects are standardized. Data presented in Figure 5 are 



the mean of the clockwise and counterclockwise effort for a minimum 

of three trials. Data are calculated from the approximately constant 

effort level reached at higher steering wheel angles. Figure 2 shows 

a typical manual steer dynamic test, and Figure 6 summarizes the data 

for a number of 1970 through 1973 GM vehicles as a function of front 

weight. The data in Figures 6, 7 and 8 are also mean values of three 

or more clockwise and counterclockwise tests. To enable consistent 

comparisons between effort levels of various vehicles, curves are 

evaluated at 0.25 G steady state lateral acceleration. 

Figures 3 and 4 show typical dynamic test data for power-on and power- 

off steering effort. Figures 7 and 8 are summaries of power-on and off 

effort levels for a number of 1970 through 1973 GM vehicles. Power-off 

effort levels are measured with the power steering pump belt removed. 

It is apparent from Figures 5, 6 and 8 that steering effort is a strong 

function of vehicle front end weight. Power steering vehicles of a 

front weight comparable to manual steering vehicles, have higher effort 

due primarily to the lower steering ratios used in power steering 

vehicles. 

2.  Steering Effort Design Guidelines - The NHTSA requested information on 

design guidelines used to determine maximum effort levels upon failure 

of power assist including results of any tests conducted in the 

development of these guidelines. General Motors does not now have 

a design guideline for maximum power-off steering effort. Clearly 

from the data in Figure 8, high efforts are incurred on our heavier 



front weight vehicles. These effort levels could be expected to 

be higher at slow speeds or with the vehicle stationary. 

High power-off effort must be balanced against ease of control for 

normal driving. The higher front weight vehicles would require a 

significant increase in steering ratio if their effort levels were 

to be reduced to levels quoted in Reference (3), for example. GM 

has performed a number of studies which measured driver performance 

for high numerical steering ratios (manual and power) vs lower 

steering ratios (power only). These studies confirm subjective 

opinions that high steering ratios result in a less maneuverable 

vehicle. Thus, General Motors has chosen to install lower numerical 

ratio steering gears in vehicles which offer power assist and to 

restrict manual steering to lighter front weight vehicles. 

The accident data would appear to justify the design tradeoff chosen. 

The Indiana study, our MIC files and 1241 forms indicate from zero 

to 0.9% involvement of loss of power assist. These low involvement 

rates would not, in our opinion, justify increasing steering ratios 

to meet some particular maximum steering effort criteria. Such a 

design might seriously compromise the accident avoidance capability 

of our passenger cars and actually have a detrimental effect on the 

accident rate. 

3. Vehicle Parameter Effects on Steering Effort - The NHTSA requested 

data on steering effort as affected by vehicle speed, tire inflation, 



misalignment condi t ions ,  overloaded vehcles,  tilt angle  of t h e  

s t e e r i n g  column, braking pressure  and road roughness. 

Vehicle Speed - Figures 9 through 11 show t h e  e f f e c t s  of v e h i c l e  speed 

wi th  da ta  taken from var ious  vehic les .  Figures 9 and 10 show da ta  a t  

10 and 30 mph f o r  manual s t e e r i n g  and power-off cases ,  r e spec t ive ly .  

Figure 11 shows d a t a  a t  speeds ranging from 20-40 mph f o r  a power-off 

test. The da ta  shown i n  Figure 9 i s  f o r  the  same veh ic l e  whose s t a t i c  

da ta  a r e  shown i n  Figure 1. Comparing these  graphs, i t  i s  apparent t h a t  

s t e e r i n g  e f f o r t  i nc reases  a s  speed decreases,  with t h e  most s i g n i f i c a n t  

inc reases  occurr ing below 10 mph. 

T i r e  I n f l a t i o n  Pressure - Ti res  have a s i g n i f i c a n t  e f f e c t  on 

s t e e r i n g  e f f o r t  pr imar i ly  through t h e  e f f e c t s  of a l ign ing  torque. 

Both r o l l i n g  and non-rolling a l ign ing  torques a r e  a f fec ted  by t i r e  

parameters such a s  i n f l a t i o n  pressure ,  wear s t a t e ,  s i z e  and type 

of t i r e .  General Motors has no meaningful s t e e r i n g  e f f o r t  t e s t  

d a t a  on t h e  e f f e c t s  of t h e s e  t i r e  parameters. Although test da ta  

has been run, t h e s e  e f f e c t s  a r e  apparently smaller  than t e s t  

v a r i a b i l i t y .  

Suspension Alignment - Several  a spec t s  of suspension geometry can 

a f f e c t  s t e e r i n g  e f f o r t ,  including c a s t e r ,  kingpin i n c l i n a t i o n ,  

sp ind le  l eng th  and va r ious  geometric and compliance s t e e r  proper t ies .  

Of these ,  only c a s t e r  is d i r e c t l y  a f f e c t e d  by suspension alignment. 

The 30 mph t e s t  on a number of d i f f e r e n t  veh ic l e s  has ind ica ted  t h a t  



steering effort is increased (decreased) from 1 to 8% for increases 

(decreases) of 1 degree in caster angle about a nominal zero degree 

caster setting. No test data is available on the remainder of the 

suspension geometry effects. However, it is known that kingpin 

inclination and spindle length affect primarily static and low speed 

(less than 10 mph) efforts. Geometric and compliance steer properties 

affect primarily high speed (greater than 10 mph) effort levels. 

Overloaded Vehicles - Although front end weight can have a significant 

effect on steering effort as shown by Figures 5 through 8, General 

Motors does not have steering effort test data on overloaded vehicles. 

Tilt Angle of the Steering Column - Tilt angle of the steering column 
(5) is a human factors item which has been studied by some researchers . 

General Motors does not have any data on human capabilities with various 

column angles. 

Braking Pressure - Braking pressure can affect steering effort-- 

particularly stationary effort. General Motors, however, has no test 

data on steering effort with brakes applied. 

Road Roughness - General Motors has no data on this aspect of steering 
effort. 
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FIGURE 1 

STATIONARY STEERING TORQUE VS. STEERING WHEEL ANGLE 

MANUAL STEERING VEHTCLE 



FIGURE 2 

DYNAVIC STEERZNG TORQUE VS. LATERAL ACCELERhTION 
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FIGURE 3 

DYNAMIC POWER ON STEERING TORQUE VS.  LATERAL ACCELERATION 

30 MPH POWER STEERING VEHICLE 



FIGURE 4 

DYNAMIC POWER-OFF STEERING TORQUE VS. LATERAL ACCELERATION 

30 MPH POWER STEERING VEHICLE 



FIGURE 5 
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FIGURE 6 
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FIGURE 7 

POWER ON RIM FORCE VS. 

TOTAL VEHICLE FRONT WEIGHT 
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FIGURE 8 
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FIGURE 9 

COMPARISON OF DYNAMIC STEERING TORQUE AT 1 0  AND 30 MPH 
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FIGURE 1 0  

COMPARISON OF POWER-OFF DYNAMIC STEERING TORQUE 10 AND 30 MPH 
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FIGURE 11 

COMPARISON OF POWER-OFF DYNAMIC STEERING TORQUE VS. SPEED 
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APPENDIX A 

STEERING EFFORT TEST PROCEDURE 



STEERING WHEEL RIM FORCE TEST PROCEDURE USED 

1.0. Equipment 

1.1 Torque sensitive steering wheel (0 - 250 lb ft) with signal conditioning 
equipment that will supply an output voltage to operate one channel of 
an X-Y-Y recorder. 

1.2 Steering wheel angular displacement device (0 - f9000) with signal 
conditioning equipment that will supply a voltage to operate another 
channel of an X-Y-Y recorder, 

 NOTE^^^ The angular displacement device should be equipped with a 
slip-clutch in thepotentiometer drive portion. When testing manual 
steer vehicles the total steering wheel angle displacement may be 
greater than the range of the steering wheel angle transducer. 

1,3 Uniaxial accelerometer (0-1 g) with mounting adapter so that it can 
be mounted laterally on the rear axle of the test vehicle and with 
signal conditioning equipment that will supply a voltage to operate 
the X channel of an X-Y-Y recorder, (Characteristic speed test 
instrument may be used as an alternative.) 

1.4 X-Y-Y Recorder, 

1,5 Inverter: 12 VDC to 120 VAC @ 60 cps0 

1.6 Fifth wheel with speed readout (resolution of 0.5 mph). 

1.7 Graph paper with 20 divisions per inch and a grid area of 9 inches 
by 6 inches (PG-1004 or equivalent). 

1.8 3M adhesive backed grit surface (medium) firmly cemented to the pave- 
ment so that the test vehicle front wheels can be easily driven onto 
and off the test surface, 

1.9 Chalk or marking crayon for marking tire. 

1.10 Hydraulic jack for lifting front end of the test vehicle. 

1.11 Vacuum cleaner for cleaning static test grit surface. 

2 .O Procedure 

2.1 Test Preparation 

2.1.1 Calibrate steering wheel torque transducer per paragraph 
2.2.2-2 and lateral accelerometer per paragraph 2.3.1.3 

2.1.2 Install instrumentation in test vehicle. (Items 1.1, 1.2, 
1.4, 105, le6) 



2.2 Static 

2.2.1 

Install the accelerometer (Item 1.3) on the rear axle of 
the test vehicle with its sensitive axis parallel to the 
axle. (Characteristic speed instrument can be installed 
as an alternative.) 
Adjust tire pressure according to test request specifications. 

Fill vehicle fuel tank. 

Weigh vehicle and record weight. Add weight if necessary to 
conform to test request, and reweigh. 

 NOTE^^^ Fifth wheel should be lowered when weighing vehicle. 

Test 

Turn on Instrumentation using an external power source rather 
than the inverter (Item 1.5). 

Install the graph paper on the X-Y-Y recorder and calibrate 
as follows: - 

2.2.2.1 Steering wheel angle so that 1 inch along the X-axis 
is equal to 200° of steering wheel rotation. 

. .- 

2.2.2.2 Steering wheel torque so that: 

A) 1 inch along the Y, axis equals 2 lb rim force 
for vehicles equipped with power steering gear. 

B) 1 inch along the Y, axis equals 20 lb rim force 
for vehicles equipped with manual steering gear. 

Remove all foreign particles from the grit pads with the 
vacuum cleaner. Tires should also be clean. 

Push or allow the vehicle to coast onto the grit pads with 
the front wheels straight ahead. - - .  

2.2.5 Mark tire to indicate where it is resting on the grit pad. 

 NOTE"^ This marking is for reference only so that the same 
portion of the tire is not reused. 

2,2.6 Adjust the pens for zero position on the graph paper. Caution 
should be used not to touch the steering wheel. 

2,2,7 Start the vehicle if it is equipped with power steering. 

2,2.8 Lower the pens. 

2.2.9 Rotate the steering wheel slowly (approximately 30 deglsec) 
and smoothly from the center position to clockwise lock, 
back through the center to counterclockwise lock, and back 
to the center. 



 NOTE^^^ Rota te  t h e  s t e e r i n g  wheel i n  v e h i c l e s  equipped wi th  
manual s t e e r i n g  t o  i9000 i n  p l ace  of t h e  lock  p o s i t i o n .  

 NOTE^^^ S t a r t i n g  d i r e c t i o n ,  whether clockwise o r  counterclockwise, 
i s  a choice of t he  ope ra to r .  However once committed t h e  
convention must be  adhered t o  f o r  t h e  remainder of t h e  t e s t .  

2,2,10 Raise t h e  pens. 

2.2.11 Back t h e  v e h i c l e  of f  t h e  g r i t  pads. 

2.2,12 Shut o f f  t h e  engine i f  i t  i s  running. 

2,2.13 Raise t h e  f r o n t  of t h e  v e h i c l e  under t e s t  wi th  t h e  hydrau l i c  
jack and r o t a t e  t h e  t i r e s  approximately 120'. 

2.2.14 Complete s t e p  2.2.2 through s t e p  2.2.13 a t o t a l  of t h r e e  t imes.  
A new shee t  of graph paper must be placed on t h e  recorder  
be fo re  each success ive  run.  

Dynamic Tes t  

2.3.1 I n s t a l l  t h e  graph paper i n  X-Y-Y recorder  and c a l i b r a t e  a s  
fol lows : 

2.3.1.1 S t ee r ing  wheel to rque  on t h e  Y ,  a x i s  s o  t h a t :  

A) 1 inch  along t h e  Y ,  a x i s  equals  2 l b  r i m  f o r c e  
f o r  v e h i c l e s  equipped wi th  power s t e e r i n g  gears .  

B) 1 inch  along t h e  Y ,  a x i s  equals  20 l b  r i m  f o r c e  
f o r  v e h i c l e s  equipped wi th  manual s t e e r i n g  gea r s .  

2.3.1.3 Vehicle  l a t e r a l  a c c e l e r a t i o n  on t h e  X a x i s  s o  t h a t  
1 inch  equals  0 .1  g,, 

2,3.2 Proceed t o  t h e  V,D.T.A.  and a d j u s t  t h e  pens of t h e  X-Y-Y 
p l o t t e r  t o  t h e  zero p o s i t i o n  with:  

A) The wheels s t r a i g h t  ahead, 

B) The v e h i c l e  on a l e v e l  sur f  ace  (21% s l o p e ) .  

C) The ope ra to r  no t  making contac t  w i th  t h e  s t e e r i n g  wheel. 

2.3.3 Acce lera te  t o  10 mph (*1/2 mph) us ing  speed a s  i nd ica t ed  by 
t h e  5 t h  wheel and al low speed t o  s t a b i l i z e .  Maintain v e l o c i t y  
throughout t h e  t e s t  run. 

2.3.4 With t h e  v e h i c l e  headed s t r a i g h t  ahead and t h e  d r i v e r t s  hands 
o f f  of t h e  s t e e r i n g  wheel, lower t h e  pens. 

2.3,5 Rota te  t h e  s t e e r i n g  wheel a t  10°/sec from t h e  c e n t e r  pos i t i on  
t o  clockwise lock back through t h e  cen te r  t o  lock  i n  t h e  
counterclockwise d i r e c t i o n  and back t o  zero. (See Note #5). 



2.3.6 Raise pens, 

2.3.7 Complete s t e p  2.3.3 through s t e p  2.3.6 a t o t a l  of t h r e e  times. 
A new shee t  of graph paper must be placed on t h e  recorder  be fo re  
each success ive  t e s t  run,  

2.3.8 Complete s t e p  2.3.3 through s t e p  2.3.6 t h r e e  times wi th  a vehi- 
c l e  v e l o c i t y  of 30 mph (*1/2 mph), a s t e e r i n g  wheel angular 
r a t e  of 30°/sec, The s t e e r i n g  wheel should be  turned i n  e i t h e r  
d i r e c t i o n  only u n t i l  0,45 g l a t e r a l  a c c e l e r a t i o n  i s  generated. 

2.4 Power F a i l u r e  Test  

2 .4.1 I f  t h e  veh ic l e  has  power s t e e r i n g ,  remove t h e  power s t e e r i n g  
b e l t .  

2.4.2 Change t h e  s c a l e  on t h e  Y1 a x i s  (rim fo rce )  of t h e  recorder  s o  
t h a t  1 inch equals  20 l b  r i m  fo rce .  

2.4,3 Repeat s t e p  2.3.2 through s t e p  2.3.7 f o r  t he  condi t ions  estab-  
l i s h e d  i n  s t e p  2 ,3 ,8  only. 

NOTE: It is suggested t h a t  t h e  inexperienced opera tor  monitor s t e e r i n g  
wheel angle  versus  time on a Brush Recorder so  t h a t  s t e e r i n g  v e l o c i t i e s  
may be  checked. Tape may be placed on t h e  s t e e r i n g  wheel a t  20 degree 
.increments t o  a i d  t h e  opera tor  i n  e s t a b l i s h i n g  a cons tant  input  r a t e .  
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GM 
General Motors I Proving Grounds 

FIL 
Inter-Organizational Letters Or~ly 

' DO NOT REMOVE 

Milford, Michigan 4804;il 

Date: March 12 ,  1974 

Subject: Data f o r  NHTSA S t e e r i n g  E f f o r t  Response 

To : Robert A. Rogers 
Environmental A c t i v i t i e s  S t a f f  
GM Technical  Center 
Warren, M I  

Enclosed a r e  t h e  s t e e r i n g  e f f o r t  d a t a  you reques ted  f o r  t h e  NHTSA 
s t e e r i n g  e f f o r t  response document. A t a b l e  l i s t i n g  t h e  d a t a  is  
included.  

NHTSA reques t ed  s t e e r i n g  e f f o r t  d a t a  f o r  s tandard  s i z e  passenger  
c a r s ,  s tandard  s i z e  s t a t i o n  wagons, i n t e rmed ia t e  passenger  c a r s ,  
compact passenger  c a r s  and subcompact passenger  c a r s .  They a l s o  
reques ted  informat ion  on s t e e r i n g  e f f o r t  f o r  each of t h e  s t e e r i n g  
systems a v a i l a b l e  on t h e  above c a r s .  The d a t a  included w i t h  t h i s  
l e t t e r  i s  t h e  l a t e s t  d a t a  a v a i l a b l e  f o r  each of  t h e  ca r - s t ee r ing  
type  c a t e g o r i e s .  A s  we d iscussed  on Monday, t h e  d a t a  is  a v a i l a b l e  
p r i m a r i l y  as a func t ion  of l a t e r a l  a c c e l e r a t i o n .  S t a t i c  d a t a  was 
taken  on t h e  manual s t e e r i n g  c a r s .  I have given you on ly  r a w  
d a t a  a s  i t  e x i s t s  i n  our  f i l e s  o r  i n  r e p o r t s .  

One a d d i t i o n a l  NHTSA reques t  was f o r  s t e e r i n g  e f f o r t  vs .  speed and 
a number of o t h e r  v e h i c l e  parameters .  The only  d a t a  which we have 
a v a i l a b l e  w a s  included wi th  t h e  d r a f t  of s t e e r i n g  e f f o r t  response 
dated February 25, 1974. F igures  1 0  and 11 of t h e  d r a f t  show t h e  
e f f e c t s  of speed on s t e e r i n g  e f f o r t .  Vehic le  Dynamics has  no o t h e r  
d a t a  which c o n s i s t e n t l y  shows t h e  e f f e c t s  of o t h e r  v e h i c l e  parameters.  

Dick Rasmussen and myself a r e  most anxious t o  assist you i n  any way 
w e  can on t h i s  p a r t i c u l a r  response.  P l e a s e  do no t  h e s i t a t e  t o  g ive  
us  a c a l l  i f  t h e r e  a r e  ques t ions  wi th  r e s p e c t  t o  t h e  enclosed d a t a .  

Kei th S! McKenna 
S ta f f  P r o j e c t  Engineer 
Vehicle  Dynamics Laboratory 

cc: R. T.  Bundorf 
R. R. Gannon 
R. E. Rasmussen 

Enclosure 
F-866 Engineering ~ t a f f / ~ e n e r a l  Motors Corporati0111 



Vehicle 

Standard Size Passenger Car 
Oldsmobile "B" Body 

Standard Size Station Wagon 
Chevrole t Kingswood 

VEHICLE TEST DATA FOR NHTSA 

STEERING EFFORT RESPONSE 

Steering 
Type 

Power 

Power 

Intermediate Size Passenger Car Manual 
Chevrolet Chevelle 

Intermediate Size Passenger Car Power 
Oldsmobile "A" Body 

Compact Passenger Car 
Buick Apollo 

Compact Passenger Car 
Chevrolet Nova 

Subcompact Passenger Car 
Chevrolet Vega 

Manual 

Power 

Manual 

Model Data 
Year Enclosed 

1972 30 MPH Power On 
30 MPH Power Off 

30 MPH Power Off 

Static 
30 MPH 

30 MPH Power On 
30 MPH Power Off 

Static 
30 MPH 

30 MPH Power Off 

Static 
30 MPH 
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Cfivirotlr.#:,Xai Packs :?:es Sli3il 

Cener:ri idolors C~rporatlcjn 

Seneta: Ivlotors l't.chnica! Ccnter 

Warren, Fvll~hlgarl 48000 

Date: April 19, 1974 

Subject: NHTSA IR on Steering Effort 

TO: Messrs: J. B. Ridenour - Oldsn~oLile 
W. J. Ov!en - Cadillac 
R, Rasmusse~~ - Vehicle Dynamic Lab (PG) 
T. C. McCann - Legal Staff 
R, T. Eundorf - Engineering Analysis 

Attached i s  the final draft of u proposed response to the subject information 
request. This submission has been reviewed by Engineering A~uiysis, Vehicle 
Dynamics Laboratory and Legal Staff and i s  being forwarded for any final 
comment that you might have. 

Inasmuch as ASE plans to submit this material on April 25, 1974, i t  i s  requested 
that any comments you might have be in this office no later than noon cf 
April 24, 1974. Your cooperation i s  appreciated. 

I 

I 

I 
~utomotGe Safety Eng inccring 

I 
I 

imp 
cc: L. C. Lundstrom 

D. E. Martin 



Environmental Activttles Staff 

General Motors Corporation 

General Motors Techn~cal Center 

Warren. Mlchlgan 48090 

M r .  Robert L. Car t e r  
Associate  Administrator 
. 7 n 1 DYhrrYamc 
I.IULUI V U ~ A ~ ~ L ~  r r u y ~ ~ u k ~  

National  Highway T r a f f i c  Safe ty  ~ d m i n i s t r a t i o n  
Washington, DC 20590 

Re:  N40-30 
KLK 

Dear M r .  Car ter :  

This  is  being submitted i n  response t o  your le t ter  of February 

4 ,  1974, reques t ing  "performance d a t a  and o t h e r  t e c h n i c a l  d a t a "  

r e l a t e d  t o  t h e  s t e e r i n g  e f f o r t  of  GM vehic les .  A 

It is noted i n  your l e t t e r  t h a t  t h e  information requested w i l l  

be used t o  formulate rulemaking ac t ions .  General Motors wishes 

t o  again express  i t s  concern ( a s  previous ly  expressed i n  i t s  

August 15, 1973 comments t o  t h e  NHTSA on Advance Notice of  

Proposed Rule Making, Docket No. 73-10, Notice 1 - Rollover 

Resis tance and i t s  October 26 ,  1973 comments t o  t h e  NHTSA on 

Advance Notice of  Proposed Rule Making, Docket No. 73-17, Notice 

1 - Direc t iona l  Control)  about t h e  NHTSA o v e r a l l  program plan  

f o r  veh ic le  handling. The s u b j e c t  reques t  and both of t h e  ru le -  

making a c t i o n s  noted above f a l l  wi th in  t h e  veh ic le  handl ing area .  

General Motors wishes t o  r e i t e r a t e  i t s  previous ly  s t a t e d  p o s i t i o n  

t h a t  t h e  NHTSA should r e f r a i n  from a fragmented approach t o  t h e  

subj.ect  of veh ic le  handling which may l ead  t o  u n r e a l i s t i c  and 

uneconomical compromises i n  t h e  design of veh ic les .  It i s  the re -  

f o r e  proposed t h a t  t h e  rulemaking suggested r e l a t i v e  t o  t h i s  sub- 

j e c t  be incorporated i n t o  one docket i n  o rde r  t o  promulgate an 



o v e r a l l  veh ic le  handli.ng r u l e  i.n lieix of r u l e s  012 s p e c i f i c  t o p i c s  

such a s  r o l l o v e r ,  braking-in-a-turn and s t e e r i n g  e f f o r t .  

Discussion 

Data were lequested with regard t o  a l l  a v a i l a b l e  s t e e r i n g  systems 

and s p e c i f i c  t e s t  condi t ions f o r  1974 passenger c a r s  ranging from 

standard-sized s t a t i o n  wagons t.o subcon~pacts. 

Because of t h e  minimal model changes f o r  1974, General Motors 

r e l i e d  upon c e r t a i n  da ta  generated during t h e  development of p r i o r  

model year  veh ic les  and components which i n  i t s  judgment remained 

app l i cab le  t o  t h e  1974 models. I t  would have served no u s e f u l  

engineering purpose t o  r epea t  many of these  tests and eva lua t ions  . 
f o r  1974 models. Accordingly, General Notors w i l 1 , ' i n  most 

i n s t a n c e s ,  respond t o  t h e  s p e c i f i c  NHTSA ques t ions  wi th  .appropr ia te  

d a t a  from p r i o r  model years .  

I t e m  1 -- Sta t ionary  Vehicle S tee r ing  

Request: The NHTSA requested information on s t e e r i n g  e f f o r t  

requi red  t o  t u r n  t h e  wheels of s tanding  veh ic les  p l o t t e d  

versus s t e e r i n g  wheel angle.  When power a s s i s t  i s  a v a i l -  

a b l e ,  add i t iona l  information was requested on t h e  s t e e r -  

ing  e f f o r t  a f t e r  l o s s  of pump d r i v i n g  power and a f t e r  

l o s s  of hydraul ic  ' f l u i d .  



Response: General Motors conducts s t a t i o n a r y  veh ic le  s t e e r i n g  

e f f o r t  t e s t s  on manual s t e e r  veh ic les ,  only.  Thus, 

f o r  s t a t i o n a r y  veh ic les ,  t h e  only d a t a  (equal ly  

app l i cab le  t o  the  1974 model c a r s )  i s  s t e e r i n g  e f f o r t  

( torque)  vs. s t e e r i n g  wheel angle  f o r  imtermediate 

(Chevrolet Chevelle -- a s  r e p r e s e n t a t i v e  of t h e  Pont iac  

LeMans and Buick Century) ,  compact (Buick Apollo -- a s  

r ep resen ta t ive  of  t h e  Chevrolet Nova, Pont iac  Ventura,  

and ~ l d s m o b i l e  Omega), and subcompact (Chevrolet  Vega 

and Opel i?&+e%~ Manta) passenger c a r s  ( f i g u r e s  1 

through 4 )  . 

Figure 5 p resen t s  d a t a  which responds t o  t h e  NHTSA reques t  

f o r  a d d i t i o n a l  information on s t a t i c  s t e e r i n g  e f f o r t  a f t e r  

l o s s  of pump dr iv ing  power and a f t e r  l o s s  of hydrau l i c  . 
f l u i d ,  i n  a power assist system. 

Note: A l l  s t e e r i n g  d a t a  presented ( f i g u r e s  1 through 3 3 )  

were taken a t  two passenger load with new tires (except  

Opel d a t a  where load d i s t r i b u t i o n  pe r  a x l e  and t i r e  pro- 

f i l e  a r e  noted) .  A l l  s t e e r i n g  gear  adjustments ,  wheel 

alignments (except where noted otherwise)  and t i r e  pres-  

s u r e s  were s e t  t o  nominal s p e c i f i c a t i o n s  f o r  t h e  p a r t i c -  

u l a r  vehic le  t e s t e d .  S ta t ionary  veh ic le  tests were con- 

ducted on a 3 M  g r i t  su r face  s o  t h a t  t i r e - r o a d  i n t e r f a c e  

e f f e c t s  were s tandardized.  

I t e m  2 -- Stee r ing  E f f o r t  Design Guidelines 

Request: The NHTSA requested information on design gu ide l ines  used 

t o  determine s t e e r i n g  e f f o r t  upon f a i l u r e  of  power a s s i s t e d  

u n i t s .  including t h e  r e s u l t s  of any tests conducted i n  t h e  

development of these  guide l ines .  



Response: S t e e r i n g  e f f o r t  performance f o r  both manual s t e e r i n g  

and power s t e e r i n g  General Motors' veh ic les  i s  e s t a b l i s h e d  

through sub jec t ive  evalua t ion  and judgment by engineer ing  

and o t h e r  experienced personnel. 

C r i t i c a l  condi t ions under which power s t e e r i n g  f a i l u r e s  

might n e c e s s i t a t e  a  design guide a r e  extremely d i f f i c u l t  

t o  def ine .  General ~ o t o r s  does n o t  b e l i e v e  t h e  s t a t e -  

of - the-ar t  i n  t h i s  a rea  i s  s u f f i c i e n t l y  we l l  advanced 

t o  permit such d e f i n i t i o n s .  

I n  add i t ion ,  s t e e r i n g  e f f o r t  s t u d i e s  of  d r i v e r  fo rce  

c a p a b i l i t y  have f a i l e d  t o  y i e l d  conclusive r e s u l t s .  

Human e f f o r t  research is  complicated by many experimental  

and measurement p rob lem.  These inc lude  motivat ion,  

l ea rn ing ,  anthropometry , t a s k  requirements,  t h e  n a t u r e  o i  

the performance metr ic ,  and s t a t i s t i c a l  problems i n h e r e n t  

wi th  de f in ing  t h e  performance of extremes i n  t h e  d r i v e r  

population d i s t r i b u t i o n .  . When a l l  a t tempts  t o  measure 

d r i v e r  fo rce  c a p a b i l i t y  a r e  compared, it i s  c l e a r  t h a t  

t h e s e  numerous f a c t o r s  have a  major in f luence  on t h e  

r e s u l t s  observed and experiments t r u l y  r e p r e s e n t a t i v e  of  

t h e  f i e l d  s i t u a t i o n  a r e  no t  c u r r e n t l y  f e a s i b l e .  A s  a 

r e s u l t ,  GM has no t  reasonably been a b l e  t o  e s t a b l i s h  

guide l ines  f o r  s t e e r i n g  e f f o r t  performance more d e f i n i t e  

than  t h e  sub jec t ive  evalua t ion  by engineer ing  and o t h e r  

experienced personnel,  noted above. 

I t e m  3 -- Vehicle Parameter Ef fec t s  on S tee r inq  E f f o r t  

Request: The NHTSA requested a l l  da ta  which r e l a t e  t o  t h e  r e l a t i o n -  

s h i p  of s t e e r i n g  e f f o r t  t o  veh ic le  speed, t i r e  i n f l a t i o n ,  

misalignment condi t ions ,  overloaded veh ic les ,  tilt angle  

of t h e  s t e e r i n g  column, braking p ressu re ,  and road 

roughness. 



Vehic le  Speed -- General  Motors' domest ic ,  

tests f o r  s t e e r i n g  e f f o r t ,  pe r forn~ed  du r ing  t h e  vel-ricle 

des ign  development and v a l i d a t i o n  p roces s ,  a r e  conducted 

on a l a r g e  paved s u r f a c e  where a d r i v e r  can s lowly  apply  

s t e e r i n g  wheel .angle a t  c o n s t a n t  v e h i c l e  speed through 
t 

t h e  range o f  - 0.45G l a t e r a l  a c c e l e r a t i o n .  These steer- 

i n g  e f f o r t  tests are g e n e r a l l y  conducted a t  two speeds  -- 
10 and 30 mph. Therefore ,  w i t h  t h e  excep t ion  o f  F i g u r e s  

2 8  through 33  -- which p r e s e n t  t h e  r e s u l t s  o f  a s p e c i a l  

test series .(i.a, e f f e c t  o f  c a s t e r  ang le  change on 

s t e e r i n g  e f f o r t )  run a t  10 ,  20 and 30 mph -- d a t a  dev- 

e loped  du r ing  t h e  des ign  p roces s ,  p r e sen ted  h e r e i n  f o r  

domest ic  vehicles, i s  n e c e s s a r i l y  l i m i t e d  t o  t h a t  o b t a i n e d  

a t  10 and 30 mph. 

Dynamic tests f o r  s t e e r i n g  e f f o r t ,  performed by General  
* 

Motors Overseas o p e r a t i o n s  ( impor t e r s  o f  t h e  Opel Manta),  

are conducted by d r i v i n g  t h e  v e h i c l e  through bo th  a l a r g e  

and sma l l  radii .  f i g u r e  W (see F igu re  34 f o r  cou r se  dimen- 

s i o n s ) ,  a t  a c o n s t a n t  v e h i c l e  speed.  S t e e r i n g  e f f o r t  

moment (Newton - cen t ime te r )  vs .  s t e e r i n g  wheel  ang le  

(degrees )  d a t a  f o r  a 1974 Opel Manta are p r e s e n t e d  i n  

f i g u r e s  2 3  through 27. 

Data submi t ted  (E'igures 6 through 33  a t t a c h e d )  i n  response  

to t h i s  r eques t  i s  summarized below and i s  t h e  la tes t  

a v a i l a b l e f  a p p l i c a b l e  t o  1974 models, f o r  each  o f  t h e  

c a r - s t e e r i n g  type  ' c a t ego r i e s  reques ted .  



Stee r ing  Model Data 
Attacb"ed Vehicle - Type year  Figure 

6 10 rnph Power On Standard S i z e  Passenger C a r  Power 1972 
Oldsmcbile "B" Body 

10 rnph Power Off 

30 rnph Power On 

30 niph Power Off 

30 mph Power Off Standard ' s i ze  S t a t i o n  Wagon ' Power 1970 
Chevrolet  Kingswood 

In termedia te  S ize  Passenger Car Manual 1973 
Chevrolet  Chevellc 

LO mph 

30 mph 

10 mph Power .On In termedia te  Size Passenger Car Power 1972 
Oldsmobile "A" Body 

11 11 I1 1 0  rnph Power Off 

30 rnph Power On 

30 mph Power Off 

10 rnph Compact Passenger Car - 
Buick Apollo 

Manual 1973 

11 I t  30 rnph 

30 rnph Power On Compact Passenger Car 
Chevrolet  Nova 

Power 1970 

30 inph Power Off 

10 rnph Subcompact Passenger Car 
Chevrolet  Vega 

Manual 1973 

I1 I t  30 rnph 



F i g u r e  V e h i c l e  

23  Subcompact P a s s e n g e r  Car  
Ope1 Ascona/Mantc 

S t e e r i n g  Model Data  
Type Year A t t a c h e d  

Manual 1974 6 . 2  mph Smal l  
F i g u r e  * 

11 11 12.4 rnph Smal l  
F i g u r e  @@ 

It I( 6;2 mph Large  

F i g u r e  @@ 

!I If 12.4 mph Large  

F i g u r e  00 

II it 18.6 mph Large  

F i g u r e  00 

28 I n t e r m e d i a t e  S i z e  P a s s e n g e r  Car  Manual 1973 10 mph 
Oldsmobi le  "A" Body a t  z e r o  P r o t o .  
Degree C a s t e r  S e t t i n g  

I1 11 It 20 mph 

I1 11 II 30 mph 

- 
I n t e r m e d i a t e  S i z e  Passenger  C a r  II n 10 rnph 
Oldsmobile "A" Body a t  -2 Degree 
C a s t e r  S e t t i n g  

11 11 It 20 mph 

11 11 II 30.  mph 



With regard  t o  s t e e r i n g  e f f o r t  t e s t i n g  t h a t  i s  app l i cab le  t o  t h e  

design and deve1oprnen.t of 1 9  74  rnodcl General Motors passenger 

c a r s  under t h e  c e r t a i n  s p e c i f i c  condi t ions you enumerate ( t i r e  

i n f l a t i o n ,  suspension alignment, overloaded veh ic les ,  tilt angle 

of  t h e  s t e e r i n g  column, braking pressure  and road roughness) ,  test  

d a t a  of  t h i s  na tu re  i s  r a r e l y  obtained (See however, Figures  2 8  

through 33 a t t ached ,  which present  d a t a  on one c a r  regarding  t h e  

e f f e c t  of  a 2 degree c a s t e r  d i f f e rence  a t  10,  20 and 30 mph). 

I n s t e a d ,  General Motors r e l i e s  upon t h e  sub jec t ive  eva lua t ion  of 

experienced engineers ,  as explained above. 

I n  view of  t h e  broad na tu re  o f  t h i s  reques t  and t h e  v a s t  complexity 

of  v e h i c l e  handling i n  genera l ,  General Motors proposes t h a t  a  

meeting be he ld  with you and members of your s t a f f  t o  permit a  - 

complete and thorough review of t h i s  top ic .  M r .  D.. P. Reed of 

our  Washington Off ice  w i l l  be i n  con tac t  with you t o  d i scuss  t h i s  
proposal .  

Very t r u l y  yours ,  

David E. Martin, Manager 
Automotive Safe ty  Engineering 
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Inter - Organization F -366 
'3 Englneerlng Staff 

General Motors Corporation 
** "A . General Motors Technical Center 

Warren, Michigan 48090 

Date : August 12, 1974 

Subject : Supplemental Material to the NHTSA Relating to 
Their Information Request on Steering Effort 

To : Messn: R. A. Rogen & R. E. Rasmussen 

Pages from the draft document with modified language are enclosed. I 
would be pleased to discuss these changes further with you i f  you desire. 

This i s  a good supplementary document and should more than adequately 
fulf i l l  the NHTSA request. Since we have not released i t  publicly at this 
time, it might be best to ask the NHTSA to treat it as proprietary, con- 
sistent with the previous material produced. 

R. Thomas Bundorf 
Assistant to Director 
Engineering Analysis 

/ilm 
Enclosures (Pages ii, 1, 2, 31, 32 & 33) 
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A REVIEW OF MEASUREMENTS OF MAXIMUM 

STEERING EFFORTS FOR DRIVERS 

September 10, I974  

VEHICLE DYNAMICS LABORATORY 

GENERAL MOTORS PROVING GROUND 



A REVIEW OF MEASUREMENTS OF MAXIMUM 

STEERING EFFORTS FOR DRIVERS 

PREFACE 

During 1973, t h e  Vehicle  Dynamics Laboratory a t  t h e  General Motors Proving 
Ground began a  review of a l l  s t u d i e s  r e l e v a n t  t o  t h e  de te rmina t ion  o f , t h e  
maximum s t e e r i n g  f o r c e  c a p a b i l i t y  of t he  d r i v e r  popula t ion .  This  review 
included work a v a i l a b l e  i n  t h e  publ ished l i t e r a t u r e  and unpublished work 
done over  a  cons ide rab l e  per iod  by va r ious  GM s t a f f  o rgan iza t ions .  The 
t o t a l i t y  of t h e  a v a i l a b l e  d a t a  was thought t o  be more d e f i n i t i v e  than d a t a  
from t h e  i n d i v i d u a l  s t u d i e s .  The ma jo r i t y  of t h i s  r e p o r t  was w r i t t e n  by 
G. L. Rupp. Other members of t h e  VDL s t a f f  con t r ibu t ed  t o  t h e  e d i t i n g .  

Much of t h e  unpublished GM information was drawn from the  work of F. W. H i l l ,  
A .  P. Lawrence and R. R. Thompson. GM t r e a t s  t h e s e  test d a t a  and 
t h i s  r e p o r t  a s  c o n f i d e n t i a l  wi th  only au thor ized  GM personnel  having acces s  
t o  them. This  engineer ing  m a t e r i a l  is not  otherwise s u b j e c t  t o  p u b l i c  
d i s c l o s u r e .  Therefore ,  t h i s  c o n f i d e n t i a l  engineer ing  m a t e r i a l  should be  
maintained a s  c o n f i d e n t i a l  by t h e  NHTSA pursuant  t o  Exemption IV of t h e  
Freedom of Information Act a s  implemented by r e g u l a t i o n s  i s sued  by t h e  
Department of T ranspo r t a t i on  (49 C.F.R.S7.59, a s  amended) and S112(e) of 
t h e  Nat iona l  T r a f f i c  and Motor Vehicle  Sa fe ty  A c t  of 1966. 



ABSTRACT 

Studies of maximum steering effort are important because there is some 
possibility that steering power assistance can fail. The power-off steering 
control may require increased muscular exertion from the driver. Human 
effort research is complicated by several experimental and measurement 
problems. These problems are reviewed so that the reader will have some 
background for interpreting the experimental data. 

Seven studies of maximum driver steering effort are summarized. Two of 
these experiments involved static efforts. The other studies examined 
dynamic efforts in both surprise and forewarned power steering failures. 
Dynamic task maneuvers included lane changes, intersections, and serpentines. 
The serpentine maneuvers had the lowest variability in maximum efforts. 
From these experiments, estimates of the lower one-sided tolerance limit 
for a 95th percentile female at 90% confidence level were 19.6 lb rim force 
for static efforts (Stoudt), 18.6 lb for intersection maneuvers, (Pierce), 
and 29.4 lb for highly motivated dynamic eff ot ts (Hill and Lawrence) . 
In the experimental data cited in the report, significant variations in 
methodology were used with significant variations in the results. Therefore, 
it would be extremely difficult to select design guidelines based upon currently 
available data. Some standardization of experimental methodology is required. 
For example, it is suggested that statistical analyses of the data should 
report a lower one-sided tolerance limit, preferably for a 95th percentile 
female with a confidence level of 90%. 
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INTRODUCTION 

Power-assisted c o n t r o l  dev i ce s  a r e  intended t o  improve human performance by 
reducing t h e  t a s k  workload. Should t h e  power a s s i s t a n c e  f a i l ,  an  ope ra to r  
w i l l  have t o  temporar i ly  perform o r  te rmina te  t h e  t a s k  under manual c o n t r o l .  
It is important  t o  understand a human o p e r a t o r ' s  c o n t r o l  c a p a b i l i t i e s  under 
t he se  condi t ions .  Keeping the  muscular e f f o r t  w i t h i n  the  c a p a b i l i t y  of an 
o p e r a t o r ,  even a f t e r  t h e  power a s s i s t a n c e  has  f a i l e d ,  is  a d e s i r a b l e  a t t r i b u t e  
of powered c o n t r o l  dev ices .  

The purpose of t h i s  paper is  t o  d i s c u s s  and compare t h e  prev ious  r e sea rch  
regard ing  t h e  maximum s t e e r i n g  e f f o r t  c a p a b i l i t i e s  of d r i v e r s ,  wi th  t h e  hope 
of c l a r i f y i n g  the  d i f f e r e n c e s  which e x i s t  among the  experiments ,  and poss ib ly  . 

sugges t ing  f u t u r e  experiments.  Because maximum e f f o r t s  a r e  d i f f i c u l t  t o  
d e f i n e  exper imenta l ly ,  some of t h e  experimental  and measurement d i f f i c u l t i e s  
w i l l  a l s o  be reviewed. Seven experiments concerned wi th  maximum s t e e r i n g  
e f f o r t  were found i n  t h e  l i t e r a t u r e .  These experiments p r i n c i p a l l y  involved 
female d r i v e r s .  S t ee r ing  e f f o r t s  were measured both i n  i some t r i c  and i n  
sudden power s t e e r i n g  f a i l u r e  s i t u a t i o n s .  De ta i l ed  summaries of t he  d a t a  
a r e  presen ted  i n  t h i s  r e p o r t .  

CONCLUSIONS AND RECOMMENDATIONS 

1. Seven s t u d i e s  of maximum d r i v e r  s t e e r i n g  e f f o r t  were reviewed. S toudt  ( I ) *  
i n v e s t i g a t e d  s t a t i c  e f f o r t s .  The o t h e r  s t u d i e s  examined dynamic e f f o r t s  
i n  s u r p r i s e  power s t e e r i n g  f a i l u r e s .  Dynamic t a s k  maneuvers included 
l a n e  changes,  i n t e r s e c t i o n s  and se rpen t ines .  The s e r p e n t i n e  maneuvers 
had t h e  lowest  v a r i a b i l i t y  i n  maximum e f f o r t s .  F i f t h  p e r c e n t i l e  female 
t o l e r a n c e  l i m i t s  a t  90% confidence g r e a t l y  depend on experimental  and 
measurement v a r i a b l e s .  The t h r e e  s t u d i e s  which provide  e s t i m a t e s  of 
t h e s e  t o l e r a n c e  l i m i t s  were Stoudt  - 19.6 l b  r i m  f o r c e  f o r  s t a t i c  e f f o r t s ,  
P i e r c e  (2)  - 18.6 f o r  low speed t u r n s ,  and H i l l  and Lawrence - 29.4 l b  
f o r  h igh ly  motivated dynamic e f f o r t s .  

2. Many experimental  and measurement problems complicate  human e f f o r t  research .  
The experimental  i n s t r u c t i o n s  can in t roduce  v a r i a b i l i t y  i n t o  t h e  d a t a .  
Mot iva t iona l  v a r i a b l e s  such as rewards,  knowledge of r e s u l t s ,  e x h o r t a t i o n s ,  
and environmental s t r e s s e s  can s i g n i f i c a n t l y  i n f luence  performance sco re s .  
Because of t h e s e  v a r i a b l e s  human e f f o r t  ou tput  during experimental  tests 
seldom approaches phys io log i ca l  capac i ty .  

3 .  Dynamic and s t a t i c  e f f o r t s  a r e  n o t  s i g n i f i c a n t l y  c o r r e l a t e d .  

4. Vehicle  c h a r a c t e r i s t i c s  can in f luence  maximal e f f o r t  measurements. For 
example, t h e  maximum e f f o r t  l e v e l  requi red  t o  perform a p a r t i c u l a r  maneuver 
used i n  an experiment w i l l  i n f luence  t h e  maximum e f f o r t  l e v e l  determined. 
A low r equ i r ed  e f f o r t  l e v e l  would r e s u l t  i n  a  low measured e f f o r t  l e v e l .  

*Numbers i n  ( ) denote  r e p o r t s  l i s t e d  i n  t he  r e f e r ences .  



5 .  It is recommended t h a t  s t a t i s t i c a l  ana lyses  of d a t a  should r e p o r t  a 
lower one-sided to l e rance  l i m i t ,  p r e fe rab ly  f o r  a 95th p e r c e n t i l e  female 
wi th  a confidence l e v e l  of 90%. 

6.  Some s t anda rd iza t ion  of experimental  methodology i s  needed i n  maximal 
e f f o r t  research .  

7 .  There seems t o  be meager evidence which would imp l i ca t e  f a i l u r e s  of power 
s t e e r i n g  a s s i s t a n c e  a s  a causa t ive  f a c t o r  i n  acc idents .  

8. P o t e n t i a l  a r e a s  f o r  f u r t h e r  research  inc lude  i n v e s t i g a t i o n s  of d r i v e r  
decision-making, k i n e s t h e t i c  feedback, and l ea rn ing  and r e t e n t i o n  a t  h igh  
e f f o r t  l e v e l s .  

EXPERIMENTAL AND MEASUREMENT DIFFICULTIES 

Severa l  d i f f i c u l t i e s  a r e  encountered i n  t h e  measurement of maximal d r i v e r  
s t e e r i n g  e f f o r t s ,  o r  i n  f a c t  i n  t h e  measurement of any maximal muscular 
exe r t i on .  An e x c e l l e n t  c h e c k l i s t  f o r  human s t r e n g t h  experimentat ion has 
been compiled by Kroemer (3)  and is  reproduced a s  Appendix A i n  t h i s  r e p o r t .  
It is  gene ra l ly  se l f -explana tory ,  a l though some i tems w i l l  be d iscussed  
f u r t h e r  i n  succeeding paragraphs. Spec ia l  emphasis w i l l  be  placed on t h e  
experimental  i n s t r u c t i o n s ,  t a s k  s e l e c t i o n ,  d a t a  a n a l y s i s ,  mo t iva t iona l  f a c t o r s ,  
and performance sco res .  This  d i scuss ion  is intended t o  g ive  t h e  reader  some 
background f o r  i n t e r p r e t i n g  t h e  r e s u l t s  of maximum e f f o r t  experimentat ion.  

I n s t r u c t i o n s :  The i n s t r u c t i o n s  an experimenter g ives  h i s  s u b j e c t s  can de ter -  
mine i n  l a r g e  p a r t  t h e  type of performance t h a t  w i l l  ensue. The less t h e  
s u b j e c t  knows about t h e  purpose of t h e  experiment,  and what i s  expected from 
him, the  more v a r i a b l e  w i l l  be h i s  performance. For example, i f  a s u b j e c t  were 
e x e r t i n g  a maximal s t a t i c  e f f o r t  on a locked s t e e r i n g  wheel, t he  magnitude of 
t he  f o r c e  exer ted  may vary according t o  t he  r a t e  a t  which t h e  s u b j e c t s  develop 
f o r c e .  Sub jec t s  could adopt a gradual  increase-to-maximum s t r a t e g y  as opposed 
t o  a r a p i d ,  j e rky  e x e r t i o n  ( 3 ) .  Most probably t h e  s u b j e c t s  would t r y  s e v e r a l  
d i f f e r e n t  s t r a t e g i e s .  The maximal f o r c e s  s o  measured w i l l  be confounded wi th  
s t r a t e g y ,  p r a c t i c e  and perhaps f a t i g u e  e f f e c t s .  The experimenter could reduce 
t h i s  v a r i a b i l i t y  by i n s t r u c t i n g  t h e  s u b j e c t s  about t he  manner i n  which they 
should e x e r t  t h e  fo rce .  I f  d i f f e r e n t  d r i v e r  s t r a t e g i e s  a r e  allowed, then 
sample s i z e s  should be increased .  Within t h e  c o n s t r a i n t s  of t h e  experimental  
des ign ,  t he  d r i v e r  should a l s o  understand how h i s  performance is being scored.  
It is  important t h a t  t he  experimenter i n s t r u c t  t h e  s u b j e c t s  a s  c l e a r l y  and i n  
a s  much d e t a i l  a s  poss ib l e  about t h e  experiment,  and then r e p o r t  t h e  i n s t r u c t i o n s  
s u f f i c i e n t l y  w e l l  s o  t h a t  o t h e r s  may reproduce the  experiment. 

Dynamic v s  S t a t i c  E f f o r t s :  E f f o r t  t e s t s  can be c l a s s i f i e d  a s  e i t h e r  s t a t i c  
o r  dynamic ( 3 ) .  S t a t i c  e f f o r t s  r e f e r  t o  muscular e x e r t i o n s  which produce no 
mechanical work. Dynamic e f f o r t s  do produce work because motion accompanies 
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