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of cornering 2 semitrailer with steercble
wheels as related to the bassic kinemotie
parameter. HNajor examnle given is cornering
when tractor moves along a circuler trajectory
and semitrailer is still on the straightoway
with subsequent conjugation.

This article discusses snecific theoreticsl
and practical kinematics of steering linkage
in terms of cornering angles. A measuring device

using electro-mechanicnl time and course censors

is used in tests performed on e fork-1ift
truck. Measuring device deccribed and test
results given in bar granvh and cumulative curve.
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A basic requirement for cornering linkoge of steercoble
semitrailers is the safeguarding of trajectory coincidence of
the traoctor and se~itrziler when cornering the vehicle., In
order thot the linkege fulfills this need there must be 2
correct design of the drive mechanism (for example, the cam
gurface) for which it is necessary to know the basic structural
kinematic parameter, that is, the function

#u =/ 0
vhere By - reduction angle of cornering of semitrailer wheels;
Y - engle of vehicle fold.

In 2 published studyl the method for determining the
relationshin (1) is shown during motion of the vehiculer units
along 2 trajectory whose function is

.yuﬂw @

In practice, during the process of cornering the vehicle
with a steerable semitrailer there inevitable occur certain
positions of the vehiculesr units when the tractor moves into

a trajectory whose function is y, =f (x,) y @nd the semitreiler
must be moved into enother trajectory by which the vehicle wes

1 Krychen', ¥, I., Avtomobil'neya Promyshlennost', 1968, No. 6.

3




ecrlier moved., We will designnte the function of this
trejectory as y:ep (xX). After the semitrailer reachec the
conjugntion voint of functions Y = &P (X) and y, =,('(x,) y
the senitroiler will begin to move into the trajectory in
function gy, = f (x,) -

Presented in Fig. 1 is a schematic of vehieulzr moiion
during cornering when the vehicle, starting from voint A,
moves along the trasjectory in function 9,:{-‘(1.) , and the
senitreiler moves along the trajectory in function =CP(1)
(esriier course of the vehiele) up to »noint A. In this case
the basic structural kinematic nazremeter of the cornering
linkage of the wheelc will denend both on function 9,:-}’(1.)
and on function Y= @(xX).
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Fig. 13 Schemastic of motion of vehicle with cteerable
senitrailer in cornering when the tractor moves
along the trajectory in function y,=#§ (),
and the semitrailer along the trejectory in
function Y= @ (x).

In the a2forementioned study the method for determining
the basic structural kinematic vorzmeter of the linkere is
discusced when the tractor and senitrailer move along the
trejectaries of various functions.

From Fig. 1 it follows that
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Eountion (4) 2llows 2 determination of the ccordinetes

of voint A (x,y), and consecuently a determination of the
nosition of the semitrailer on 2 trajectory whose function
is Y = ®(x) at that moment when the tractor moves slong
the trajectory in function y,=f(x,) .
From Fig. 1 it follows
1=%-- % ©)

fu =Ty = Toy

where

1y

<, == arcly ‘;\- 5

¢ =arclg Z;:.
T, is determined from the system of equations (3).
With a calculation of lateral elasticity of the tires on
the steerable wheels of the semitrailer, eauation {5) takes
the form

1=t — % Pn==ty—%, —. (5a) .

where 8, is angle of laterel climb of the semitrailer tires.
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Equations (5) a2nd (5a) are obtained for determining
angles Yy and ®Pnp, thet is, for determining the relationship (1)
during motion ¢f the vehiculesr wheels 2long the given
trajectory. Thus, through angles T, , T, , and [ is revecled
relationshin (1), which occurs with the basic structurel
kinematic parameter for determining the characteristies of the

»ive mechanism, For examnle, determining the orofile of the
cam surface slot, securing the direction of the turning linkage
of the semitrniler wheels so that the trajectory of the
senitrailer and tractor will coinecide during movement of the
tractor along 2 given trajectory.

We will avply the above-mentioned analytical method for
determining relationship (1) in a concrete situation of
vehiculer motion in cornering. We will assume (Fig.2) that
the tractor with nreviously turned wheels 2t a determined angle
goes into the turn eclong a circle, ané the semitrailer must
still move a2long the straightaway.
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Pig. 2¢ Schematic of vehicular motion with a steerable
semitrailer when cornering, the tractor moving
along a circle and the semitrailer along the
straightaway.

In this caese the equetions (5) take on the form
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Values of the angles Py and Y are expressed through angle
with the following relationships

9u == arcsin [g (1 — cos t;)— k sin <,);

1= %" %P

(6a)

where

A
=l ] ’.' e
. I

In Fig. 3 the graohs show relation Pg from Y where
9,=1.5;9,=1.9; = 0.5; and R=0.01, obtained according to
equations (6a). i
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Fig. 3t Graphs of the relationship between angles ¢, and Y
during movement of the tractor a2long a circle
end the semitrailer along the straightaway.

When the semitrailer comes to the point of conjugation
of the straightaway with the circle, cuantities y =and @,

become constants and 2re determined by the relationships
I A

Py #= ATCSIR =~ o=
i o

BRV BTV iR .
It — BK? )
where ¥, and cp'.,' - angles y &nd gy under an established
cornering of the vehicular wheels;

Ty == cty -

L2 4
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The assumed method allows a determination of function
% =f (y) which occurs with the besie structural kinematic
perameter during planning of the drive mechanisms, providing
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trajectory coincidence of the tractor and semitrailer during
movement of the tractor along a given transitory trajectory.




EXPERIMENTAL RESEARCH ON “HE OPERATION OF STEERING LINKAGE

The steering linkage configuration is one of the
importent factors ensuring steerability of a wheelel vehicle
and stability of its movement. A vehicle with improperly
constructed or pnoorly adjusted steering linkege arbitrarily
changes its direction of movement, "roams" along the roed,
which results in unnecessary wear and tear on the driver and
& reduction of road safety. Imvroperly constructed linkage
leads to wheel c¢limb, slivpege of the tires slong the
mounting surfsce and, as a result, wear on the tread. When
designing a steering linkss~e one must provide for the
kinematic condition of cornering the vehicle. For a vehicle
with tires thet sre rigid in trensverse direction this
condition is expressed by the well-known formula

ctg o.—Ctg on -~ %o (l)

cornering angle of the outer steerable wheel;
cornering engle of the inner steersble wheel;
- spacing among the eight bolts in mj;

- wheelbase of the vehicle in m.

where

8,
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L
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For a vehicle with tires thet sre elastic in transverse
direction, relation of the angles On and 65 devends not only
on quantities M and L, but also on the speed of the vehicle,
total weight, its distribution among the eight bolts, the
coefficients of resistance to climb, and other factors.

And therefore, correlation of angles 0“ and 95 is expressed
by a considerably more complicated relation, although in
most cases it can be successfully reduced to the formule
according to the compmosition in the analogous exvpression (1).

A difficulty in designing the steering linkage and
deternining its configuration can also be concluded from the
fact that for a steering linkage it is impossible to comnletely
fulfill equation (1). The actual relation of the cornering
angles provided by a steering linkage of the conventional form
is exoressed by the formula

BC BC \' (-
sin (g — 0= m- —_ l/ \-l—l—-_.'*'—n—;) = “‘4?:&';' (D)

PSR

where Ar=cos (9-+0,);
D= " —sin(» 4+ h); i
e §
M A —n? :
(,'u]----;;-sm(',' +0.)+ 5 |

m - length of steering arm in my

N - length of tie-rod in mj

@ - ongle between the steering arm and longitudinal
axis of the vehicle in & neutral vlacement of the

linkage (Fig. 1a).

With established theoretical research fulfillment of
the equation (1) is possible only with a ready-made Jointed
device with 14 sections. A steering linkege having all four

sections always insvres the regularity 9“=f(9.)9 coinciding
with the stipulated requirements of cornering kinematices. The

- T :
A, 2 A N AR a5



discrevancy between the theoretical and actual relations
increases with an increase in cornering sharvness (Fig. 1b)
which leads to an additional inerease of climb and a deterior-
ation of the interzction of the tires with the mounting surface.
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Fig. 1: Action of the steering linkage.
Key: a)- linkage schematic

b)- relation of the cornering ancles of steerable
wheels

1l - theoretical curve
2 - actual curve

In resvect to structure it is fitting to mention linkage

of that configuretion which would insure acceptable conformity
with the theoretical and actual values of 9” in the interval
of the best uses of values of angle Bg. It is usually calculated
that divergence 48 at the limit of interval 6‘0“ must not
exceed 2 - 3%, The actual application of the given criterion
is made more difficult by the indefiniteness of the concept
of interval Gnou , & quantity which depends on both the
structure of the vehicle and on the conditions of its use.
With vehicles of long wheelbase moving along & road with
a small quentity of obstacles (for example, inter-urban buses),
the range cf variation in cornering angles of steerable wheels
is comvaratively small., With wvehicles of short wheelbase

-10=




orerating under difficult conditions with a large quantity of
sherp turns (light automobiles - texis), this range is
considerably more., Thus, in the design of steering linkage
for new vehicles svnecially intended for operation under
snecific conditions, it is necessary above 211l to determine
the linits of chenge of angles 6“ end 65 during motion, and
bring to light the best utilization of their velues. However,
investigations of this sort are not numerous, and their results
are inconclusive end sometimes contradictory.
In the Feople's Republic of Bulgaria they 2re conducting
a systematic study of the conditions of utilization of vehicles
and their nassemblies in accordance with the development vplan
for automotive industry and autonotive transport. TFor increasing
the stobility =and steerability of trensport vehicles svnecial
methods were devised in the Scientific Research nand Planning-
Design Institute for battery-driven and motor trucks, 2llowing
for quantitative choracterization of operational conditions for
steering linkage of wheeled vehicles. The attempts towards the
goal of making good use of oscillographic equipment have vproven
unsuccessful, resulting from an unavoidable extraneous source
of current with the stable voltace, high sensitivity towards
vibration, bulkiness of disvosition of the eauipment in the
vehicle, and great labor-consuming nature of deciphering the
recordings. Therefore, there was suggested and vrepared in
the institute an original measuring device 2llowing study with- |
out preliminary procescing of the total values of the figures.
Suech figures were obtained for the values of time and course
of vehicular movement within various ranges of cornering angle
values for steerable wheels. i
The measuring device (Fig. 2) consists of a sensor for
cornering engles 1 and electromechanical counters 2 and 3.
The latter register impulses at a frequency of 10 Hz, since
an impulse generator 4 is included in the ecircuit, sending

<11

A SR TS, o e it . g DR i ke .
Ld i TR L N R 3



imopulses at the stated frecuency. In addition, for control
the schematic includes = sensor with & counter 5, summecrizing
all imvmulses both for left turns =2nd right turns. With the
aid of this ec¢ounter it is possible to determine the difference
shown by the sums indicated by cll the counters, giving the
time in which the electro-sensor 1 was in 1solated intervels.,
This time is subsequently necessery to toke into sceount.
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Pig. 2. Principle schematic of the measuring device.

The control sensor is located at an equal distance
(considering zngular displacement) from the second und last
sensors of left and right turns, which eliminetes errors in

the measured results,
Counters 6 and 7 are connected to the individual sensors,

but ere not connected to the imoulse generator, which allows

a fix on left and right turns independent of time and course
of motion. Course counter 8 is connected to the course sensor
placed on the wheel of the vehicle. For switching off the
time count when the vehicle is not moving but the wheels

-
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remain in a turned nosition oand the corresnHonding counter
counte off the time imrulses, a microswitch K is included in
the schenmatie which breaks the circuit when the venicle stons,

In the case of fixing course motion of the vehicle during
various significent cornering nangles, the imnulse generator
is switched off 2nd the innrut terminal of microswitch X is
connected to the output terminel of switch Kq on the course
sensor, 28 is shown in Fig. 2 by the dashed line.

The schematic elements have the following cherscteristicss
imrulee generator - IG; 12 volts; imnulse freocuency of 10 Hz;
electromechanical counters -~ BE-1l; outnut of 4 watts;
microswitech — 80 am/Ke¢E 171.

Construction of the cornering angle sensor is shovm in
Fig. 3. The frome 1 of the sensor mace of mice is in segmented
form. Along the verinhery of the freme are milled grooves in
which are mounted current-zdjustoble brass plates 2. Dimensions
of the current-adjusteble vlates and their disvosition on the
froeme are determined by the auantities of the turning renges
to left and right in relation to the neutral vosition of the
linkage corresnonding to linear motion of the vehicle. To
the left 2re seven stivulated ranges, and six to the right.

1
{

0678
Fig. 3: General view and details of measuring device.
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On the undercide of the disc are nlaced sensor 3,
summarizing all impulses, and also the sensors for left and
right turns 4 2nd 5., Sensor 3 hes 2 hslf-section shrpe, and
senzors 4 and 5 2re shaned in the form of brass screws with
semi-spherical heeds., Sensors 3, 4, and 5 are connected to
mieroswitches 6, 7, and 8.

A granhite brush 9 and microswitches 6, 7, and 8 are
nlaced under the disc and attached by mesns of a2 cle~t 10
on the beam of the steering axle.

Course sensor 11 is mounted as well on the beam &t one
of the steerable wheels. The heads of bolts 12 connecting
the rim of the wheel to the hub serve as contacts to close
the circuit during rotation of the wheel. During one turn of
the wheel it is opossible to receive several imnulses (corresrond-
ing with the number of bolts) which allows for an incresce in
accuracy of the course reading of the vehicle under study in
a given rance of cornering sngles., During motion of the
vehicle in 2 curve the cornering angle sensor of the steerable
wheels, derending upron the dimension of the cornering angle
corresvonding to range, comes into contact with the brass
plate through the staztionery brush; the circuit is closed =and
the electro-contact counter fixes the guantity of impulses
for each segment of time or course. The period of closed
state of a given counter is determined by time neriod of
vehiculer motion corresponding to the range of wheel cornering
angle.,

For nurposes of the tests a fork-1lift truck was chosen,
the performance of which is characterized by a great amount
(more than a thousand changes) of turns in narrow passages
along curves of smell raiiuses. The maximum cornering angles
of the steerable wheels of the 1lifts allowed by structure
amount to 80 - 859,

With the fork-lift EV-676, essembled in series by
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enternrrises of the Peonle's Renublic of Bulearia, 1ift capnscity
is 1 t, wheelbese 1.1 m, track of steersble wheels 0.63 m.

The fork-1ift was tested under oractical conditions durine
overation in a2 section of 2 naper pulp enternrise. The tests
lasted several days, readings of the counters being recorded
ennroximetely every hour of fork-1lift operation.

Results of the testes during operztion of the measuring b
device were fixed by the sensors of time and course (Tables ¥
1 end 2). After conversinn of the sensor rendings into anguler
guantities, the results of the recordings were vorocessed according
to a stande2rd method of mothematical statistics. This allowed
the construction of bar grarhs of distribution of cornering
engles of steerable wheels in rel=tion to time of fork-1lift
motion 2nd the studied course (Fig. 4a).

Table 1: Counter reasdings in fixing time of fork-1lift
motion.
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Table 2: Counter readings in fixing course movement
of the fork-1ift.
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Fig. 4: Test results.

Key: 2) Distribution granh
1l - according to time of motion
2 - according to studied course

b) Cumulative curve

The cumulative curve (Fig. 4b) allows & determination of
time during which the linkage is loceted in tne given range
of cornering angles. Thus, in our case the fork-1ift ovperates
at 97% of sgeregate time with cornering angle of steerable
wheels not excceding 34°30'. Maximal cornering angle of the
inside wheel of the fork-1lift under the tests amounted to
64°, which ie a much smaller angle allowed by the structure
of the steering linkage (85°30'). This dnta is the basis of
new steering linkage structures being designed by the
institute.

The tests verified the greater reliability and accuracy
of the measuring device. The contact counters are simple in
their instellation, there is no danger of wvibrztion and shock,
and they need practically no maintenance. A comparison of
the two possible methods of fixing (by time end by course)
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has shown that they give identicel tyves of relations, the
rrocessings of which is reduced to identical auantitative
results,

The strvcture of the measuring device 2llows quick
implementation of its assembly and disassembly. This
focilitetes utilization of the measuring device during the
testing of machines of various makes and models.

At rresent the institute has begun recezrch on the
cneration of steering linksge of freight vehicles.
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