Laboratory investigation of the efficiency of a car hydromechanical
transmission

Assis.Prof. Bojko Gigov, Ph.D., Dipl. Eng. Janko Mollov - Technical University of Sofia

Abstract : In the paper is described laboratory setting for the investigation of the efficiency of an automatic
hydromechanical transmission of a car as a function of the torque and of the rotation frequency (RPM). The
hydraulic and the mechanical sections of the transmission are investigated separately for different gears.

Are present conclusions on the influence of various factors onto the efficiency and the ratio of losses in the

different sections of the transmission.

. INTRODUCTION

The need for more relief on the drivers at
driving, so as not to engage their attention during
the movement requires becoming more widely
mobilizing modern automatics in the car. This is the
reason more and more be increased the share of
automated and automatic systems used in vehicle
handling and in particular of its transmission. So to
some extent explains the increase in the relative
share and on the hydromechanical automatic
transmission, which have long been proven their
advantages and have imposed to the American and
Japanese market. In Europe due to a series of
objective and subjective reasons, the share of this
type of transmission is small, but grows and there
are grounds for believing, that in the future this
process will continue. One of the reasons that
impede the massive deployment of conventional
automatic transmissions (CAT) in automobiles is the
relatively lower efficiency, a consequence of the
hydraulic losses in the torque converter and the
consumption of additional power from the internal
combustion engine, necessary to supply with oil the
automatic system, friction elements and the torque
converter. This gave grounds of the team from TU-
Sofia to develop a laboratory setup for testing the
efficiency of a typical modern four-step-CAT,
designed for cars with front-wheel drive [3].

II. EXPERIMENTAL SET

The investigated transmission has the possibility
to block the torque converter, and thus can be
tested separately only the mechanical part, which
consists of a planetary gear type "Ravigneaux" and
final drive with differential (Fig. 1). If is included
direct gear in the mechanism of Ravigneaux (third),
the efficiency will be determined in practice only by
the losses in the automatic system, in the main
transmission and in the differential. Under the same
conditions of output were examined individually
efficiency of the torque converter and of the
planetary mechanism for different gears. The rig and
methodology were developed on a modular basis,
so that the setting can easily be used not only to test
the automatic hydromechanical transmissions for
cars, but also for other elements and units of the car
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transmissions, tractors and industrial trucks. For this
purpose, as an drive unit are using asynchronous
electric motor and continuously variable hydrostatic
transmission, allowing smoothly varyation the speed
of the entrance to the tested hydromechanical
transmission, and as an loading unit - hydrostatic
brake, with which also is selected smoothly the load
on the output of the tested transmission (Fig. 2).
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Fig. 1. Schematic diagram of the test transmission

. METHODOLOGY AND APPARATUS

To determine the efficiency are working on the
scheme of an open circuit (Fig. 2), where the it is
necessary to define the inlet and outlet torques and
rotational frequencies using corresponding sensors:
optoelectronic pairs on the inputs and outputs the
transmission for the rotational frequencies;
tensometric beam with strain gauges, working on
the bending - for the output torque of a CAT. And
definition of the input torque on the CAT becomes
via calculations. Thus is avoided the use of current
collection rings. The mechanical parameters, which
to be determined are indicated in Fig. 1 and Fig. 2.
Input and output rotational frequency (accordingly n'
and n", respectively w' and w") for the CAT are
reported directly from digital counter. The
transformation is performed by an optoelectronic
transducer and serrated disc with 60 teeth, which

allows accuracy of reporting 1 minl. The input

torque M for CAT (which is equal to the torque of
the hydraulic motor M,,,) is calculated taking into

account the input frequency n' (the frequency of the

hydraulic motor) and the pressures in working
pipework of the hydrostatic transmission- p; and p,.



' ApV Ny
M=M,,=—"""2, [N
(1) XM 07 [Nm],

where: Ap = p, - p; [bar] is working pressure of the
hydraulic motor; V - working volume of the hydraulic

motor (he operates with maximum volume) i.e.
V =Va= 89 cm3/tr; Ny - hydromechanically
efficiency of the hydraulic motor.

14 6

.5
= - L

S ] & o

Fig. 2. Scheme of the experimental set

1. An asynchronous electric motor; 2. An elastic
clutch with rubber thumbs; 3. Adjustable axial piston
pump; 4. Axial piston adjustable hydraulic motor
(works like not adjustable); 5. Drive unit; 6. Opto-
electronic revolution counters; 7. Tested conven-
tional automatic transmission; 8. Tensometric unit;
9. Loading unit (hydrostatic brake); 10. Adjustable
axial piston pump; 11. Adjustable safety valve; 12.
Tensometric amplifier; 13. Manometers; 14.
Thermometer

In order to pass in dimensionless form are used
the relations :
ap v n
2) Kp Mmax Y Vimax Lk

where Ap,,,,,=350 bar, and n,,,=2900 min™.
No—AN  n(M;—AM) . AM
3) M = N, = nM; =1- MT ,

where N, is theoretical power of the hydraulic motor;

AN is the power, which takes into account the
hydromechanical loses, M; and AM are torques
corresponding to a power N, and AN.

If presented the torque AM, wich takes into
account the  hydromechanical losses, in
dimensionless form, can be expressed and the
hydromechanical efficiency via relative values:

- 4AM APmaxVmax
AM = —— M = ——er TR
(4) Y — , Where My o 207
is the theoretical maximum torque of the hydraulic
motor. Therefore:

n=
Nmax

_AM
Kpky
The relative hydromechanical loses AM are
calculated as a function of the coefficients k,, k, and
k,, by dependence :

a1+a2.k 3
(6) Tl(r]n(a“JrkV kp +

das +ag kn
TTar+k,

AM207

- -1
K pKv APmaxVmax

(5) M =

AM =

(1+ky)+ag(L1+kd)k .
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which is obtained by experiments, affecting the used
hydraulic machines at other studies [1], [2]. The
coefficients a;+ag are determined by minimization of

residual sum between measured and calculated by
the formula (6) values at the points of measurement.

The tensometric beam for determining the
output torque of the CAT is mounted to one end of

the differential, which is blocked (w"= 0), while the
other is connected by semi shaft with the original
universal joints to the loading device (Fig. 1). So the
differential runs continuously during the test.
Because of this at processing of the results was
recorded his inner friction. To measure the reactive

torque M"of the blocked output on the differential is
used tensometric amplifier KWS 3005 with accuracy
class 0.1 [3].

From the kinematic and force analysis of the
differential in this case is obtained:

7 w=2w: M=M+M,

where with wy is indicated the angular velocity of the

large sprocket of the main transmission (or on the
cassette of the differential), and the friction torque of
the differential M., at a constant speed and variable

load is represented as a linear function:

(8) My =M, +kM

Friction torque at idle MTpO (free member) and

the coefficient of the rights k are determined at
different rotational speeds via a separate
experiment, respectively at removed loading unit

(M": 0) and under load.

In case of blocking the torque converter and
turning on the direct gear in the mechanical part of
the CAT is determined efficiency, that takes into
account the losses in the main transmission, in the
differential and in the mains supply of the hydraulic
system:

©) M@ _2(M"-Mp)

Mo M'i

771"17,5 =



wherein the gear ratio of the main transmission i, is

determined by the ratio of the angular speeds or
from the number of teeth of the respective gears:

" Z4 22

' . 1 ». o
(10) w:lerH:EC‘)|rn , '177:23-21

To determine the efficiency of the mechanical
part of the gearbox of the remaining gear, are
conducted experiments under the same conditions
of load on the transmission output and at turning on
the respective gear with blocked torque converter.
The efficiency of the gearbox is expressed by the
general efficiency of the mechanical part of the CAT
and the efficiency of the main transmission and
differential:

(11) 1% =M and because the
Nre
S S
@ =l > @
2(M" =M
(12) then Tk o= g
M IHKI I

The efficiency of the torque converter is
determined using the same principle - comparing
the overall efficiency of the entire CAT with
unblocked and blocked torque converter, with the
same selected gear, under the same parameters
(torque and speed) of the transmission output:
7= ) (M =M )o

Tt Nox,mme o M'a)'
In this experiment measured incoming and
outgoing rotational speed at any load, because their
ratio is not constant and is determined the kinematic
ratio of the torque converter.

Efficiency of the CAT has been investigated as
a function of the transmitted torque and as a
function of the rotational speed.

To comparability of results between different
options, when is study the influence the torque on
the efficiency is maintained the same mode on the
output of the transmission. In that case is sets the
same rotation frequency on the transmission output

w" = const and gradually is increased the load.

Output torque of blocked semi shaft M is adjusted
by changing the working volume of the pump to the
loading unit. The relative deformation, indicated by
the tensometric amplifier accepts values from 200 to
1400 pst with step 300 pst. Additional group of
experiments were conducted and at 300, 400, 700 n
1200 pst. The torque values are determined by the
scale factor found by preliminary calibration of the
equipment — k,, = 0,08 Nm/pst.

At investigation of the influence of rotational
speed on the efficiency of the CAT is maintained

constant torque - M"= const and changes the input
rotational speed n', by controlling the working
volume of the pump from drive unit in the range of

300 to 2600 min™t with step 100 or 200 min™2.

The adjustment of the working volume is done
by varying the inclination of the disc of the axial-
piston pumps by means of hydraulic servo amplifier.

(13)
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Additional parameters that give information
about the operating mode and also are monitored at

different attempts are: Taxyr [°Cl - temperature of
CAT; Tyorl°C] - temperature of the hydrostatic

transmission; p3 [bar] - working pressure of the

pump from loading unit.
The tests are

temperature of 22 ©C. Prior to conducting the
experiments, the stand must start to work for some
time, to be able to warm up to operating
temperatures on the CAT and the hydrostatic
transmission. The switching of gears in the
automatic hydromechanical gearbox needs to be
done without load and at input rotational speed
n'=0.

made at room ambient

IV. SURVEY RESULTS
The obtained results for some of the variants
are illustrated in Table 1. and on Fig. 3 and 4.

V. CONCLUSIONS

The obtained graphical dependencies for the
efficiency of separate component parts the CAT and
general of the entire transmission make it possible
to analyze the impact of each of them and of the
operating mode the transmission on the values of
the efficiency.

At increasing the load on the transmission
output, increases also the efficiency of the
mechanical part, while the efficiency of the torque
converter decreases (Fig. 3). This occurs due to a
reduction in the share of the hydro-mechanical
losses on the one hand, and on the other of
transition of the torque converter from the clutch
mode to the transformer mode.

With increasing of the gear room, increases also
the efficiency of the mechanical part, as the
character of the curves is retained - nonlinear,
asymptotically approaching to an constant value. In
that case apart from influence the changing in the
kinematic scheme, has influence also and the
reducing the power, required for power supply of
friction elements, that govern the switching to higher
gears. It is seen that the overall efficiency depends
primarily on the input rotational speed. Hence the
hydraulic losses will normally be smaller at higher
gears, is why also and efficiency of the higher gears
is higher. An important conclusion is, that the
decisive role in the efficiency have hydraulic losses
and is difficult with the chosen methodology to be
defined the mechanical losses in the different gears
due to the participation of the various components of
the mechanism of Ravigneaux.

With increasing of the gear room under the
same conditions at the outlet is reduced the
efficiency of the torque converter, as the character
of the curves was also retained. This can be
explained by the lower aligned rotational speed of
the torque converter, when operating in a higher
gear.

From the experiments conducted on the one
and the same gear with blocked and with unblocked
torque converter can be concluded, that torque



converter reduces the efficiency of the transmission
to 63% (in the range that was studied) compared to
the efficiency of the same mechanism, but with
blocked torque converter. The biggest deviation has
at the lower rotation frequencies and at the higher
loads, where the complex torque converter works in
transformer mode. Here, the gear ratio i, is low

(reached up to i, = 0.25) and the coefficient of

transformation K is relatively high (reached up to K =
1.45).

Another important conclusion is the following:
From the presented in Fig. 4 graphics can be seen,
that at blocked torque converter, the efficiency as a
function of rotational speed, decreases by a curve,
that is approximated best with second-degree curve
and approaches asymptotically to a certain value,
that is different for different loads. These differences
in the established efficiency values are determined
by the relative influence, which have the mechanical
and hydraulic losses compared to the transmitted
power .

Table 1.
EXPERIMENTAL DETERMINATION THE EFFICIENCY OF CONVENTIONAL AUTOMATIC TRANSMISSION
n" irn |inkg [Mrpa|Mrpa| Km a, az dg ay ag g ag ag |4Pmax
min-1 | _ | pet | mm | Mmspst|0.008|0.005| 0.042|2.941 00005 | 0.006| 0.017 [ 0.0094] bar
150 4 |168| 8 |064| 008 350
Gear n' | M™ | M" |[Myp| P2 P1 | 2P | Kp | Kn | aM [Ty | ™' [M-Man| Tl
min'1 mst [ Nm Nm bar bar bar _ _ _ _ Nm Nm _
i, 300 | 200 | 16 |1.44| 298 | 11 | 18.8 | 0.054|0.103|0.0311|0.421|11.22 | 10.208 | 0.649
Colnovcekrter 300 | 500 | 40 | 2.64| 407 | 10.8 | 29.9 | 0.085 |0.103 | 0.0382 | 0.663 | 23.4 | 22.391 | 0.798
300 | 800 | 64 |3.84| 50.3 | 106 | 39.7 |0.113|0.103 | 0.0445 | 0.607 | 34.16 | 33.148 | 0.881
T.,=50°c | 300 [1100] 88 [5.04| 60.3 [ 10.5 [ 49.8 [0.142][0.103| 0.051 [0.641[45.24 44.233| 0.917
300 [1400] 112 [6.24| 70.2 | 103 [ 599 [0.171]0.103]0.0576]| 0.664|56.33 66319 0.939
nnlcrn,l:l, Tlnlcz
I, 474 | 200 | 16 |1.44| 27.8 | 107 | 17.1 | 0.049|0.164|0.0253| 0.483|11.69 | 0.394 | 0.607
Colnovcekrter 474 | 500 | 40 | 2.64| 342 | 105 | 23.7 | 0.068|0.164|0.0284| 0.581| 19.5 | 0.606 | 0.759
474 | 800 | 64 |384| 395 | 1065 | 29 |0.083|0164|00309| 0627|2577 | 0.738 | 0.839
T,,=50°C | 474 [1100] 88 [504| 45 [ 105 | 345 |0.099/0.164[0.0335| 0.66 |32.27 | 0.813 | 0.887
474 [1400] 112 | 6.24| 50.9 | 106 | 40.4 |[0.115|0.164| 0.0363 | 0.686 | 39.25 | 0.852 | 0.908
I, 1-|r|:nliu.|, M xr
Converter | 600 [ 200 | 16 [1.44| 257 [ 105 [ 15.2 | 0.043|0.207 |0.0228| 0.476 10.24| 0.355 | 0.903
unlock | 760 (500 | 40 |26a4| 312 | 105 | 20.7 [0.059|0.262 |0.0235 | 0.603 [17.67 | 0.417 | D689
875 | 80D | 64 | 3.84| 365 | 105 | 25 |0.071|0.302|0.0242|0.661| 23.4 | 0.441 | 0.597
To,—48° | 980 [1100] 88 |5.04] 39.2 | 10.5 [ 28.7 | 0.082|0.338]0.0249] 0.697 | 28.33 | 0.448 [ 0.551
1070(1400| 112 |[6.24| 43 | 105 | 325 [0.003|0.369 | 0.0256|0.724|33.34| 0.445 | 0522
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Fig. 3. Depending the efficiency of the conventional automatic transmission from the transmitted torque
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Fig. 4. Depending the efficiency of the conventional automatic transmission from the rotational frequency

At working torque converter is obtained the
characteristical maximum the efficiency of the
hydromechanical automatic transmission due to
simultaneous action by two phenomena:

1. Increasing the efficiency of the torque
converter due to the automatic switching in the
clutch mode (the switch point is the maximum)

2. Reduction of the efficiency due to increased
the hydraulic losses in the transmission, which
increased with an increase in the rotational speed.

Due to limited capacity of the drive unit the
obtained maximum efficiency values of the CAT are
lower than expected, because they do not reach the
nominal load modes of this transmission, where the
relative magnitude of the hydraulic and the
mechanical losses is small. For the same reason is
not reached and the stop mode of the torque
converter.

In conclusion it can be said, that with the
attempts made and the developed methodology was
gained important experience in the testing of the
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automatic hydromechanical transmissions. The
results met the expectations as the character of the
curves in terms of theory and could serve as a basis
for more and different depth research in this area.
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LABORATORY INVESTIGATION OF THE EFFICIENCY OF A CAR
HYDROMECHANICAL TRANSMISSION

Assis.Prof. Bojko Gigov, Ph.D., Dipl. Eng. Janko Mollov - Technical University
of Sofia

The laboratory set up and the efficiency of an auto-
matic hydromechanical transmission of a car as a function
of the turning moment and the (RPM) rotation frequency
are described in the paper. The hydro- and the mechanical
sections of the transmission are investigated separately
for different gears. Conclusions on the influence of
varions faktors (parameters) on the efficiency and the
ratio of losses in the different sections of the transmission
are presented.

. YBOA

HeobxoaumoctTra 01 Bee n0-00/€KYaBAILO BOAAYHTE
yNpaBjieHHe Ha aBTOMOOMIA, HEAHTrAKMPAULOD  TAXHOTO
BHHMAHHE NO BpEeME Ha JBHAKCHME Hanara BCe MO-UIHPOKO
NPHIAraHe Ha Bb3MOXKHOCTHTE HA ChBPEMEHHATA ABTOMATHKA
B apToMoOuna. ToBa ¢ npuuuHata BCE NoBeye Ja HapacTsa
ACALT HA  aBTOMATHU3HPAHHMTE M ABTOMATHYHU CHCTEMH
H3N013BAHU B YIIPABACHUCTO HAa aBTOMOOMIA H B YaCTHOCT Ha
TpaHcmucHaTa My. Taka 10 H3BECTHA CTENeH ce 00ACHABA M
HAPACTBAHETO HA OTHOCHTEAHMA A W HA ABTOMATUYHMTE
XHAPOMEXAHHYHIH TPAHCMHCHH, KOWTO OTJaBHA Ca A0Ka3aiu
CBOUTE [IPEAMMCTBA W Ca C¢ HAJNOKWIH HA AMEPHKAHCKHA M
ANOHCKUA nasap. B Eepona nopaam peauua oOeKTUBHH M
CYOCKTHBHM MPHYMHU JENbT HA TO3M THII TPAHCMUCHH €
M@IBLK . HO HAPACTBA M MMA OCHOBAHME /1a Ce CMATA, Ye 3a B
Ob/CUIe TO3H NpolUec we Npoabkd. Eana or npuuuHuTe,
KOWTO  BB3NPENSTCTBYBAT ~ MAcOBOTO  HABIM3AHE  HA
KOHBEHUMOHANHITE aBTOMATHYHU Tpancmucuu (Conventional
Automatic Transmission - CAT) npu asromoOununTe ce assiga
CPABHUTENHO NO-HUCKUAT UM KOEDHUMEHT HA MOJNE3HO Acii-
creue (KI1J1). BeaeacTBue Ha XMAPaBAHYHMTE 3arydH B
xuapoTtpancdopmaropa (XT) v Ha KoHCyMauusTa Ha J0-
fLJHWTENIHA MOLIHOCT OT JIBMratells ¢ BLTPEWHO TopeHe
(JIBI'), HeoOxoauma 3a 3axpaHBaHe Ha aBTOMaTH4HATa
cucrema, ppukunonnute eaementd u XT ¢ macno. Tosa naae
ocHoBanue Ha konektus or TY-Copua na paspaboru
naboparopHa rnocraHoBka 3a uscneasae KITJ1 Ha eawa
TUNHYHA CbBpemeHHa yetnpucTenenna CAT, npeanasHaucHa
3a JICKK aBTOMOOWIM C NpeHO 3ajiBusBaHe [3].

Ba
M' w' 0 i
\C (_’ = Ravigneaux s I
4+1
==K z
<

Mnl w

Wire o EI ey
M "

" e
Dur. 1. rlp“”llﬂn“a CXEMd Ha H3MHTBAHATA TPAHCMHUCHA

w =0

A

II. ONMUTHA NMOCTAHOBKA

M3anuTBaHaTa TPaHCMUCUS UMa BB3IMOXHOCT 3a
Bnokupare Ha XT 1 nNo TO3u HaYUH MOXe Aa ce u3nuTea
OTAENHO CaMO MexaHwWyHaTa u4acT,. BKIYBalya
nnaHeTeH mexaHusoM TuUn “Ravigneaux” u rnasHo
npeaasaHe u norteHuuan (dur. 1). lMpu BxAloyeHa
AVpeKTHa npenaska B MexaHu3via Ha Ravigneaux
(tpeta), KMO we ce onpepeas camo oT 3arybute B
aBTOMaTUM4YHaTa CUCTema, rAABHOTO npeaasaHe W
andepeHumana. Mpu eaHr 1 Cblln YCAOBMA Ha u3xopa
ca uscaeasanu no oraeaHo KIMQA Ha XT v Ha naaHeTHUsA
MexaHu3bm Ha pas3avuHn npepasku. CTeHabT w
meToavkarta 6axa pas3paboTeHu Ha MoayAeH NpUHLMN
Taka, uye MOCTaHOBKara AECHO fja Moxe pga ce
M3MOA3yBa HE CaMO 33 U3NUTBAHE Ha aBTOMAaTUUHM XA~
POMEXaHUYHU TPAHCMUCUM 33 AEKWU aBTOMODWAK, HO U
3a Opyr eAeMeHTU W Bb3AU OT TpaHCMUCUMTE Ha
asTomobuauTe, Tpaktopute U kapute (ATK). 3a ueata
KaTo 3aABWKBaLL arperat Ce WM3NOA3yBa aCUHXPOHEH
eAnekTpoasuraten u  6e3cteneHHa  xugpoobemrHa
TpaHcmucua (XOT), koeTo no3sOAsBa MAABHO aa ce
M3MEHAT napameTpuTe Ha BxOAa Ha u3nuTBaHaTa
aBTOMaTUYHa XxuppomexanuyHa TpaHcmucua (AXMT), a
KaTo HaToBapBallo YCTPOWCTBO - xuppoobemHa
crMpayka, C KOATO CblIO MAaBHO ce noabupa
HaToBapBaHETO Ha u3xofa Ha W3nNUTBaHata TpaHc-
mucus (dur.2).

L. METOJIMKA U ATIAPATYPA

3a onpeaensue Ha KI1J] ce pabGoru no cxemara ua
OTBOpEH KOHTYp (ur.2). npu Koeto € HeoOXoaumo ha ce
ONPEAENAT BXOAAUNTE M WIXOAALWMNTE BbPTSIN MOMCHTH W
YECTOTH HA BBPTEHE UPE3  H3MON3YBAHE HA CHLOTBETHH
npeodpa3yBaTe/in:  ONTOCACKTPOHHH /IBOIKH: HA BXOJAA M
H3X0/la Ha TPAHCMHCHATA 3a 4YECTOTATA HA BbPTCHE: TCH-
30METPHYHA Ipeja ¢ TewsonpeoOpasypatenu. padorema Ha
OFbBAHE -32 WIXOMAUIMA BBLPTAUL MOMEHT Ha AXMT. a
OMNPEAENSHETO HA BXOAAWMA BBPTsul Moment na AXMT

crasa no wiuucaurenaed nur. [10 Takes HauumH ce w30srsa
_\'nmpcﬁaTa Ha TOKOCHCMAUH TNPLCTEHH. Mexanuunmre
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MN3CJEABAHE KOE®UIIUEHTA HA ITOJIE3HO JIEMCTBUE HA
ABTOMATUYHA XUJIPOMEXAHUYHA TPAHCMHUCHA 3A JIEK
ABTOMOBHUJ B JABOPATOPHU YCJIOBUA

T'. ac. z-p uwk. BOMKO FMIOB, bgigov@vmei.acad.bg, uwk. AHKO MOJUIOB, jmollov@vmei.acad.bg,
Texuuuecku yHuBepcutet - Codus

The laboratory set up and the efficiency of an auto-
matic hydromechanical transmission of a car as a fun-
ction of the turning moment and the (RPM) rotation
frequency are described in the paper. The hydro- and
the mechanical sections of the transmission are inves-
tigated separately for different gears. Conclusions on
the influence of varions faktors (parameters) on the ef-
ficiency and the ratio of losses in the different sections
of the transmission are presented.

1. YBOJI

Heo6x0aMMOCTTa OT BCe M0-00JIeKYaBallo BOAAUUTE
ynpaBjieHHe Ha aBTOMOOMJA, HEAHTAKMPAIIO TAXHOTO
BHHUMaHME 110 BpeMe Ha JBMXEHHE Hajiara Bce IMo-mnpo-
KO MpuJIaraHe Ha Bb3MOKHOCTHTE Ha CbBPEMEHHATa aB-
TomaTuKka B aBromoOusia.ToBa € mpuyuMHaTa BCE MOBEYE
Jla HapacTBa AEJbT Ha ABTOMATU3UPAHUTE H aBTOMATH4-
HY CHCTEMH M3IIOJI3BAHM B YNPABJIEHHETO Ha aBTOMOOHUIA
¥ B 4acTHOCT Ha TpaHcMmucuaTa My. Taka 10 M3BECTHA
cTereH ce Oo0SCHSABA M HApacTBAaHETO HAa OTHOCHUTENIHUSA
1T M HAa aBTOMATHYHKUTE XUIPOMEXaHUYHH TPAHCMHUCHH,
KOWTO OTJABHA Ca JI0Ka3aju CBOMTE MPEANMCTBA U ca ce
HAJIOX MM Ha aMEPUKAHCKHs U AnoHckus nasap. B Espo-
fa mopajy peaulia OOEKTHBHH W CyOCKTHBHM MPUYHHH
JEJTbT Ha TO3M THII TPAHCMHCHH € MAJIbK , HO HApacTBa
¥Ma OCHOBAaHME Ja ce CMsTa, ue 3a B Objelle TO3U Mpo-
uec me Npoab/uKW. EJHA OT NpUYMHUTE, KOMTO Bb3IpE-
MATCTBYBAT MACOBOTO HaBjiM3aHe Ha KOHBEHLMOHATHHUTE
apromartudnu TpaHcmucun  (Conventional ~Automatic
Transmission - CAT) npu aBTOMOOMIIMTE Ce sBSABA CPaB-
HUTEJHO TMO-HUCKMAT MM KOE(HMIMEHT Ha MOJIE3HO [ei-
cteue (KIIJI), BCeaACTBME HA XWIpaBiM4YHUTE 3aryOn B
xuapotparcpopmaropa (XT) 1 Ha KOHCYyMaUMsTa Ha 10-
TbJIHUTEIHA MOLIHOCT OT ABHUraTelisi ¢ BbTPELIHO rOpeHe
(JIBI'), HeoOxonMMa 3a 3axpaHBaHe Ha aBTOMATH4HATA
cucrema, (pukimonsute enementd u XT ¢ macno. Tosa
nane ocHoBanue Ha konektus oT TY-Codus na paspado-
i naboparopHa nocraHoska 3a uscineasane KIIJT na en-
Ha TUNHYHA chBpeMeHHa derupucrenenna CAT, mpeaHa-
3HAYEHA 32 JIEKH aBTOMOOMIIM C MPEIHO 3aaBWKBaHe [3].
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®ur. 1. [IpyHUMIHA CXEMa HA U3MMTBAHATA TPAHCMUCHS
I1. OTIMTHA TIOCTAHOBKA

M3nuTBaHaTa TPAaHCMHMCHS HMa Bb3MOXHOCT 3a 0J10-
kupane Ha XT ¥ 10 TO3M HAYKMH MOXE Jia Cé M3MHUTBa OT-
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JIEJIHO CaMO MeXaHMYHATa 4acT, BKJIIOYBALIA IIAHETEH
MexaHu3bM TUN "Ravigneaux" u riaBHO NpeiaBaHe U Id-
dbepentman (¢ur. 1). [Ipy BKIOUEHA AMPEKTHA NpeaaBKa
B MexaHu3Ma Ha Ravigneaux (tpera), KIIJI me ce ompe-
1 camo OT 3ary0uTe B aBTOMaTUYHATa CUCTEMa, rJiaB-
HOTO MpesaBaHe U qudepennnana. I1pu ey v cbim yc-
JIOBMS Ha u3xoja ca uscaensanu o oraenHo KIT na XT
U Ha TUIAHETHUS MEXaHH3bM Ha pa3JU4YHH MpEIaBKH.
CTeHabT M MeToAMKaTa 0sxa pa3paboTeHH Ha MOMIYJIEH
NPUHLKAI TaKa, Y€ MOCTAHOBKATa JIECHO [a MOXe Ja ce
U3II0J13yBa HE CaMO 32 M3MUTBAHE HA aBTOMATHYHM XHI-
pOMEXaHMYHM TPAHCMHCHH 3a JIEKH aBTOMOOHIIM, HO | 32
JpYTH €JeMEHTH M Bb3JIM OT TPAHCMHCHHUTE Ha aBTOMO-
Gusnre, Tpaktopute U kapure (ATK). 3a uenta karo 3aa-
BIDKBAILl arperar ce M3Moj3yBa aCHHXPOHEH €JIeKTPOIBH-
raten u GescrenenHa xuapoodemua TpaHcmucus (XOT),
KOETO MM03B0JIsIBa MJIABHO [a CE& U3MEHAT MapamMeTpuTe Ha
BXOJa Ha WM3MUTBAaHAaTa aBTOMATHYHA XHIAPOMEXaHUYHA
tpancmucus (AXMT), a KaTo HaTOBApBALLO YCTPOHCTBO -
XUIPOOOEMHA CIUPAUKa, C KOATO ChIIO TUIABHO CE MOJ-
Oupa HaTOBApBAHETO HA M3XOJA HA M3MUTBAHATA TPAHC-
mucwus (¢pur.2).

[II. METOIMKA U ATIAPATVPA

3a onpenensie Ha KIIJI ce paboru mo cxemara Ha
OTBOpEH KOHTYp (ur.2), mpu KOETo € HeoOX0AUMO Ja ce
OIpPEIENAT BXOAAIIUTE ¥ U3XOAAIUTE BbPTALLIM MOMEHTH
M 4eCTOTH Ha BBPTEHE Upe3 M3IMOJI3yBaHE Ha ChOTBETHH
npeoOpa3yBaTen: ONTOEJEKTPOHHU ABOWKM HA BXOJA W
M3X0Jla Ha TPAHCMKCHATA 33 YECTOTaTa Ha BbPTEHE; TCH-
30MeTpHuHa Tpeia ¢ TeHsompeoOpasysatenu, paboreia
Ha Or'bBaHe -3a M3XOAIIKs BbPTALL MOMeHT Ha AXMT, a
OMNpe/IeNIHETO Ha BXOAAIINA BbPTAIL MOMEHT Ha AXMT
cTaBa 10 U34YUCIUTENeH TbT. [10 TaKbB HAUYMH ce u30sArBa
ynotpeGaTta Ha TOKOCHEMAIU MpbCTeHH. MeXxaHuuHUTe
BEJMUMHH, KOUTO TMOJUIEKAT HA ONpE/IE/IHE Ca 03HAYCHH
Ha ¢ur. 1 u Ha dur. 2. Bxoaswara u u3xozasguaTa 4ecTo-
Ta Ha BbpPTeHE (CHOTBETHO N' U N"', PECNEKTUBHO ' now")
3a AXMT ce OTYMTAT HEMOCPENCTBEHO OT LUK(pPOB Gpo-
au. [IpeoGpa3yBaHETO C€ OCBILIECTBSBA 4YPe3 ONTOENEK-
TpoHeH npeoGpasysaren u HazbOeH auck ¢ 60 3n0a, Koe-

TO MO3BOJISIBA TOUHOCTTA HAa OTYMTaHE Aa € 1 min~!. Bxo-

'
asmuAT BppTAm MomeHT M 3a AXMT ( koiito e paBeH
HA MOMEHTA Ha XMAPOMOTOpa My,, ) Ce M3YKCIABA KATO

ce OTUMTAT BXOAAIIATa 4ecTora n' ( 4ecToTaTa Ha XHUApO-
MOTOpA ) U HAlIATaHUATa p; U p) B pabOTHHTE MarucTpa-

JIM Ha XUAPOOOEMHATa TPAHCMHCHSL.

4 AV s
M=M, =—", [N
(1) M 207 [Nm],

KbIETO: Ap= p7 - p; [bar] € paboTHO HalIAraHe HA XK]-
pomoTopa; V- paboTteH o6eM Ha XuapomoTopa ( ToM pa—‘
60TH ¢ MakcuMasieH obem ) T.e. V =V, ;.= 89 cm3/a6;
Nyne - Xuapomexannuen KIIJI va xuapomoropa.



@ur. 2 Cxema Ha ONMUTHATA MOCTAaHOBKA

1. AcunxpoHeH enektpoasuraren; 2. Enactuyen cbeau-
HUTEN C TyMeHHM MpbCTeHH; 3.AKcHanHO-OyTajHa pery-
nupyema mnommna; 4. AKcuanHO-OyTajneH peryjiupyem
XugpoMoTop (paboTH KaTo Heperyaupyem); 5. 3aaBHK-
Bam arperat; 6. OnroenekTpoHHu obopotomepu; 7. Us-
nuTBaHa TpaHcmucus; 8. TenzomerpuyHo 3BeHO; 9. Ha-
TOBApBAaIO YCTPOMCTBO  (XMApPOOOEMHa  CrMpauka);
10.AkcuanHo-0yTanHa perynupyema nommna; 11.Peryau-
pyeMm npenanaseH knanaH; 12. TeHsomeTpuueH ycunsarel,
13. Manometpu; 14. TepmomeTsp

3a na ce nmpemMuHe B Oe3pa3MepeH BH CE M3MOJI3BAT
OTHOWIECHUATA :

@)

Ap V n
kp=—-=— : ky=75—=1;k,=

P~ Bpmax * Nmax
KBIETO APy, =350 bar, a ny,,,.=2900 min!.
_Np-AN _n(M;-AM) _ fo AM
3) M = N, nM, = M, >

KkbeT0 N € TeOpeTHYHa MOIIHOCT Ha XuaApomoTopa; AN

€ MOIIHOCTTA, OTYMTALlA XHAPOMEXaHHYHHUTE 3aryOu, a
M; 1 AM ca BbpTsLIM MOMEHTH, CHOTBETCTBYBALIM Ha

molHoctuTe Ny AN.

AKO ce MpeacTaBu BbPTAIMAT MOMEHT AM, oryu-
Tall XWAPOMEXaHWYHWTE 3aryOu, B Oe3pasMepeH BHI,
MOXKe aa ce u3pasu M xuapomexanuynuaT KIIJ[ upes
OTHOCHUTEJTHU BEJIMYMHH:

- Apmameax

4 =
) 207
€ TEOPETUYHUAT MAKCHMaJeH BBbPTAIL MOMEHT Ha
xugpomoropa. Ciien0BaTesHo:
" . AM 207
b At
k pkvAPmaxV max
OTHOCHTEIHHTE XHIPOMEXaHWYHH 3ary6u AM ce
M3YMCIABAT KaTo (yHKLHS HA KOe(ULHEHTUTE kp, ky u

A—/\Z=L‘M_

, kbaeto M,
M "max

‘max

AM

s
k ok

®)

kp, 10 3aBUCHMOCTTA!

T a1+a2.kn 3
(6) AM—W—-(a‘;-FkV)kp“F
as+agk, 3.2
20N (J+ky)+ag(1+ky )k
+ a;+k, (1+ky)+ag( v/Kn,
MoJIy4eHa 4ype3 €KCIEPUMEHTH, Kacaeum MU3IMoJI3yBaHUTE
XMAPOMAIIHWHH, KOHUTO Ca 00eKkT Ha APYTrH H3CIEABAHMA

[1], [2]. KoeduunenTute a;+ag ce ONPENENAT Ype3 MH-

HUMHM3aLMs Ha OCTaThbuyHATa CyMa MEXIy H3MEpEHHTE
CTOMHOCTM M M34McIeHuTe 1o ¢popmyna (6) B TOUKHTE Ha
M3MEpBaHe.
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TeH3omeTpuuHaTa rpefa 3a ONpeneNsHe Ha M3Xs-
s moMeHT Ha AXMT e MOHTHpaHa KbM €IMHHS U3XON

Ha audepeHmana, KOHUTo e GJIoKUpaH (@"'= 0), mokarto
ApYTus upe3 MojyBall ¢ OpUrMHAIHUTE KapAaHHU LIapHH-
pM € CBbP3aH KbM HaTOBapBaIIOTO yCcTpoicTBO (¢ur 1).
Taka npu U3NUTBaHETO AM(EepeHIHana HeNpeKbCHaTO pa-
6otu. ITopaau ToBa npu 06paboTKa Ha pe3yaTaTUTE € OT-
YETeHO BBTPEIIHOTO MYy TpPUEHE. 3a MU3MEepBaHe Ha peak-
THBHHS MOMEHT Ha OJIOKMpaHHs M3X0J Ha aAudepeHimana

M" e mnonsean TeH30MeTpuuHus ycusisates tun KWS
3005 ¢ knac Ha Tounoct 0,1 [3].

OT KMHEMaTHYHHUS ¥ CUJIOB aHAIU3 Ha Au(epeHuna-
Jla B TO3M Clly4yal ce roJiyyasa:

" " "
7 o=2w,; M =M +Mp,,
KBJIETO C W € O3HAYEHa BIJIOBATA CKOPOCT HAa KOPOHATa

Ha IJIaBHOTO NpeaaBaHe (WM Ha KaceTkaTa Ha AMQepeH-
1Mana), a TPUEIUAT MOMEHT Ha AudepeHLuana MTp npu

TMIOCTOSIHHA Y€CTOTa Ha BbPTEHE M NMPOMEHIMBO HATOBap-
BaHE € MpeJCTaBeH KaTo JUHEHa (yHKLUs:

@)  Mypy=Mp, +kM".
TpueiusT MOMEHT Ha Tpa3eH X0 MTpo (cBoOOAHU-

AT WieH) ¥ KoeULMeHTa Ha 1paBaTa k ce onpenessar npu
pa3ITMYHKM YECTOTH Ha BBPTEHE YpE3 OTIEJIEH EKCrepH-
MEHT CbOTBETHO MPH OTCTPAHEHO HATOBApBAlLO YCTPOii-

CTBO ( M'= 0) 1 mox HaTOBapBaHe.

[Tpu 6nokupane Ha XT W BKIOYBAHE HA JMPEKTHA
npenaBka B MexanuyHara yactT Ha AXMT ce onpenens
KII[, oTyuTaly 3arybute B rJaBHOTO INpejaaBaHe (BKIIIO-
YUTEJIHO M 3aLEIUICHUsTa C MapasuTHOTO 3b0HO KOJIENo),
B audepeHLMana U B 3aXpaHBaHETO Ha XWIpaBJIMYHATaA
cucTema:

MII " 2 MII!_M“,
) @ . ( )

77/‘/7,5= 2.t I,

Mo Mip,
KbAETO MpeaaBaTCJIHOTO YMCJIO Ha IIaBHOTO npeaaBaHe
iITI Ce onpenens ot CbOTHOLIEHUETO Ha BIIIOBUTE CKOPO-

)

CTH WJIK OT Oposi Ha 3bOUTE HA CbOTBETHUTE 3bOHM KOJIe-
na:
10 £ s L _1_ ", . o: _%4 22
(10) o =Otm =3P tm By
3a onpenensHe KIIJl Ha MexaHH4YHATa 4acT Ha fIpe-
JlaBaTejiHaTa KyTHsl HA OCTaHAJIUTE MPEIaBKH, MPU ChblLK-
Te YCJIOBUSI Ha HATOBAapBaHE HA TPAHCMHUCHATA HAa M3X0Ja
¥ BKJIIOYEHA ChOTBETHA mpenaBka npu Osokupan XT ce
u3passBa KIIJl Ha npenaBaresnHata KyTHsl upe3 OOLIMS



KIT/T na mexanuynara yact Ha AXMT u KIIJ[ Ha ruas-
HOTO MpeaaBaHe U AudepeHuyana:

Mk .rm.é ' 1 »

11 Lt U T KaTO @ =l qpp— @
(1) 1%  p— AT
2AM -M
(12) TO 77n/<.rn.c°=—ff‘,—rp)
M i g

KIT/T Ha xuppoTpaHchopmaTopa ce OMpenens upes
M3MON3yBaHe HA ChIUKS MPUHLMI - CPaBHABaHE OOLILMSA
KITJI Ha usnata AXMT nipu HeGnokupan XT u npu Gio-
kupad XT ¥ BKJIIOYEHA €/1Ha U Chlla MperaBka B npeja-
BaTe/IHATA KyTHsl MPH €IHU U CbLIM NapamMeTpH (BbPTALL
MOMEHT M 4YeCTOTa Ha BbPTEHE) Ha W3X0Ja HAa TPAHCMMU-
cusTa:

e ”
Uy (M =M p)o
U3) Bo=g— 0 5 Ue=——rr

1K , 11,0 M'a)'

[Ipu TO3M OMUT ce MU3MEPBAT BXOIsLIATA W U3XOMIA-
laTa 4ecToTa Ha BBbPTEHE INPU BCSAKO HAaTOBapBaHe, I0-
HEXe TAXHOTO ChbOTHOLIEHUE HE € MOCTOSIHHO U Ce Orpe-
nens OT KMHEMAaTHYHOTO TMPENaBaTeIHO OTHOLIEHHWE Ha
XT.

KI1JT va AXMT e wu3cneaaH kato (yHKUMs Ha
npeiaBaHusi BbPTALL MOMEHT M KaTo (DyHKLMS Ha 4eCTo-
TaTa Ha BbpPTEHE.

3a 11a UMa ChIIOCTABUMOCT Ha PE3yJITaTUTE MPHU pas-
JIMYHUTE BAapUaHTH, KOraTo Ce M3Cje/lBa BIMAHMETO Ha
npenasanus MomeHT BbpXy KITJ[ ce mommbpika mocros-
HEH PEXKUM Ha W3X0/a Ha TpaHcMucHATa. B To3u ciyyait
Ce yCTAHOBSIBA €/IHA W Chlld YECTOTA HA BbPTEHE HA U3-
X0/1a Ha TPAHCMUCHUSATA - @ "'=const U MOCTENEHHO CE yBe-
JMYaBa HaTOBapBaHETO. M3XOMAIIMAT BBPTALL MOMEHT

M" Ha GrOKMpaHHsA TOTYBAJ Ce PEryJupa Ypes U3MeHe-
Hue Ha paboTHUs 00eM Ha rommara Ha HaTOBapBallOTO
ycTpoifctBo. OTHOCHTENHATa Aedopmauus OTYeTeHa OT
TEH30METPHUYHKS YCHJIBATEN NpHeMa CTOHHOCTH OT 200
10 1400 ust mpe3 300 pst. JlombJIHUTENHA rpyNa OMUTH
ca mposesieny u ripu 300, 400, 700 u 1200 pst. CroiiHoc-
THTE HA BBLPTAIIMA MOMEHT Ce ONpeeNsaT OT MaabHus
KOE(MLIMEHT, YCTAHOBEH Ype3 Mpe/BapuTe/IHa TapUpPOBKa
Ha anaparypara - k,,=0,08 Nm/ust.

[Ipu u3cneBaHe BIMAHUETO HA YECTOTAaTa Ha BbpTE-
ne Bbpxy KIIJI Ha AXMT ce noaabpska MOCTOSHEH Bbp-

mne
TSI MOMEHT - M =const U ce IPOMEHs BXOAAIATa Yec-
TOTA HA BbPTEHE 7', UPE3 yNpaBJieHHe Ha paboTHHS 06eM
Ha MOMriaTa Ha 3a/IBH)KBALL{A arperaT B rpaHALUTE OT OT

300 10 2600 min~! mpe3 100 w 200 min™!
VrpasjieHneTo Ha paboTHUs obem CTaBa upe3 mpo-
MsiHa Ha HaKJIOHA HA JMCKA Ha aKCHAHO-0y TAIHUTE MOM-
MK MOCPEACTBOM CIIEALL XHAPOYCHIIBATElL.
JIOMb/THUTE/HY NAPaMEeTPH, KOUTO 1aBaT MH(pOpMa-
1M 33 peKUMa Ha paboTa M ChILO Ce CICIAT NpH OTAe-

Hute onutH ca: TAXMT [°C] - Temneparypa Ha AXMT;
TXOT[OC] - TemmepaTypa Ha XMIPOOOEMHATa TPaHCMH-

m
cus; p3 [bar] - paboTHO HajsiraHe Ha rOMIaTa Ha HAToO-

BapBalLIOTO YCTPOMCTRBO.
W3nuTaHusATa ca HarnpaBeHu NpH CTaiHa TeMIepary-

pa Ha OKoJIHaTa cpeia oT 22 OC. Ipeau MpoOBEXIaHETO
Ha OMUTUTE CTEH/a ce MycKa Ja paboTH U3BECTHO BpeMe
3a 1a MoXe Ja ce 3arpee 10 padotaure 38 AXMT u XOT
temneparypy. [IpeBK/IIOYBAHETO HA MPEIABKUTE B aBTO-
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MaTHYHaTa XUAPOMEXaHWYHA MpejaBaTeHa KyTHs € He-
00X0MMO /1a ce U3BbpLIBa O€3 TOBAap M YECTOTa Ha Bbp-
TeHe Ha Bxoaa n'=0.

IV. PE3VJITATH OT U3CJIEABAHETO
ITonyueHuTe pe3yJTaTH ca WIOCTPHPAHH 3a HAKOH
OT BapHaHTUTe B Tabu.1 1 Ha dur.3 n 4.

V. 3AKJIKOYEHHUE

[Monyuenute rpaduuru 3aBucumoctH 3a KI1JI Ha ot-
nesHuTe chbeTaBHU yacTh Ha AXMT u ofwio Ha usnara
TPAHCMMCHS J1aBaT Bb3MOXKHOCT Jla C€ aHaIu3upa BJiUs-
HMETO Ha BCSAKA €IHa OT TAX M Ha pexxuMa Ha paboTa Ha
TpaHCMHKCHsATA BbpXY cToliHOCTUTE Ha KIT/I.

C yBennuyaBaHe Ha HATOBAPBAHETO Ha M3X0Ja Ha
TpaHcmucusaTa HapactBa U KIIJ[ Ha MexaHwvHaTa 4act,
nokarto KITJ[ na XT namanssa (¢ur. 3). Tosa ce nosyya-
Ba BCJICJCTBHE Ha HAMaJsiBaHE HA OTHOCHTEJIHMS [ Ha
XUAPOMEXaHUYHUTE 3aryOu B MeXaHWYHATa 4acT OT eaHa
cTpaHa, a OT Apyra npemuHaBaHe Ha XT OT pexum Ha
ChEeIMHUTENl KbM PEXKUM Ha TpaHchopmarop.

C yBenuuaBaHe Ha mpenaBkata ce yBennyana u KITJI
Ha MEXaHWYHATa 4acT, KaTO XapakTepa Ha KpUBUTE CE 3a-
na3Ba - HEJIMHEEeH, aCUMIITOTHYHO KJIOHSALL KbM €/Ha ycC-
TaHOBEHA CTOMHOCT. B TO3M ciyyail BiMsHUE OKa3Ba OC-
BEH MPOMsHATA B KHHEMaTHYHATa CXEMa M HaMaJIsIBAHETO
Ha HeO0OXOAMMaTa MOILHOCT 3a 3aXpaHBaHE Ha yTNpaBlisi-
BAIIUTE MPEBKIIOYBAHETO (PPUKIMOHHM €JIEMEHTH Ha M0~
BHMCOKHTE npenaBku. Bwkna ce, ue odmmar KIIJI 3aBucu
npead BCHYKO OT BXOJSINATA YECTOTa Ha BbpTeHe. OTTYK
W XUOpaBIMYHUTE 3aryOu we Obaar rmo-majiku Mpu ro-
BUCOKMTE TpenaBky, 3aToBa U KIIJI Ha no-BuCOKUTE Mpe-
JIaBKW € 10-BUCOK. BaXkeH U3BOJ €, ue peliasaiia poJis 3a
KIIJT umat XuapaBinyHUTe 3aryou U TPYAHO MOXKE C H3-
Opanara MeToaMKa fa ObJAT Oompene/ieHd MEXaHHYHUTE
3aryOu npH pa3iM4HUTE NPENaBKH BCJIEACTBHE y4acTHe-
TO Ha Pa3IMYHUTE CbCTABHU €JEMEHTH Ha MeXaHH3Ma Ha
Ravigneaux.

C yBenuyaBaHe Ha MpejaBKaTa MpH €IHAKBU YCJIO-
Bus Ha u3xoza ce Hamasiea KIT/] Ha XT, kato xapakrepa
Ha KPMBHUTE ChHIUO ce 3amna3Ba. ToBa MOKe J1a ce 00SCHH ¢
Mo-HUCKaTa TpUBe/eHa yecToTa Ha BbpTeHe Ha XT mpu
paboTa Ha MO-BUCOKA MpE/IaBKa.

OT onMTHTE MPOBEIEHH HA €IHAa U Chlla MpeaaBka
npu 610okupaH U Hebmokupan XT Moke na ce HanpasH
m3Boza, ue XT namanssa KI1/[ Ha TpaHcMucHaATa 10 63%
(B mManasoHa , KoiTo e u3cieaBaH) B cpaBHenue ¢ KIT/T
Ha ChIIMA MeXaHu3bM , HO npu G6iokupan XT. Haii-rose-
MM OTKJIOHEHHUS MMa MPU HUCKUTE YECTOTH Ha BHPTEHE U
[10-TOJIEMU HATOBApBaHWs , KbAeTO KomriekcHus XT
pabotu B pexxuM Ha xumporpanchopmarop . Tyk mpena-
BaTEJIHOTO OTHOWIEHWE iy € HUCKO (JOCTHrHATO € J10

iyy=0,25), a KoeUUMEHTbT Ha TpaHCHOpMaLus K e
CPaBHUTEIHO BUCOK (HocTurHato e 10 K=1,45).

JIpyr BakeH M3BOJ Ce ChCTOM B ciiefiHoTo: OT mpes-
craBeHuTe Ha (ur. 4 rpadpuuHU N300paXKEHHs Ce BIKIA,
ue npu Gnokupan XT KITJI BbB QyHKLMS HA YecToTaTa
Ha BbPTEHE HaMallsiBa MO KPHBA, KOATO CE ApOKCHMUpa
Haif-no6pe ¢ KpuBa OT BTOpA CTENEH W ce NpulmKaBa
ACUMMTOTHYHO KbM YCTAHOBEHA CTOMHOCT, KOSTO € pas-
JIMYHA 32 pa3IMuHATEe HaTOBapBaHusA. Te3u pasjinku B yc-
taHoBeHUTe cToiHocTH 3a KII/I ce onpesesir OT OTHOCH-
TEJHOTO BJIMSIHME, KOETO MMaT MEXaHWYHUTE U XHIpPaB-
JIMYHM 3aryOH CTIPSMO MpeaBaHaTa MOLIHOCT .



Tabnuua 1.

EKCMEPUMEHTASHO OMNPEOENSHE Krnjg HA ABTOMATUYHA XUOPOMEXAHUYHA TPAHCMUCU A

n" irn |inky [M1po|MTpo| Km a4 az as a4, ag ag ay ag |APmax
min" _ . pst | Nm | Nm/pst|0.008 | 0.005| 0.042|2.941 |0.0005| 0.006 | 0.017 | 0.0094 bar
150 4 1.58 8 0.64 0.08 350

Mpegaska | n' | M™ | M"™ |Myp| P2 P1 | 4p | Kp | Kn | &M [T | M' [M-Man| Mg
min~ 1| mst | Nm | Nm bar bar bar _ Nm Nm o

300 | 200 | 16 |1.44| 29.8 11 18.8 |0.054(0.103|0.0311|0.421(11.22 | 10.208| 0.649
N+BA.XT| 300 | 500 | 40 | 2.64 | 40.7 10.8 | 29.9 |0.085|0.103|0.0382 | 0.5563 | 23.4 | 22.391 | 0.798
300 | 800 | 64 |(3.84| 50.3 10.6 | 39.7 |0.113|0.103|0.0445 | 0.607 | 34.16 | 33.148 | 0.881
TM=5l]°C 300 (1100 88 |(5.04| 60.3 10.5 | 49.8 |0.142|0.103 | 0.051 | 0.641|45.24 | 44.233| 0.917
300 (1400 112 (6.24 | 70.2 10.3 | 59.9 |0.171|0.103 |0.0575| 0.664|56.33 | 56.319 | 0.939

nnxrn,q nnxz
474 | 200 16 1.44 27.8 10.7 | 17.1 |0.049(0.164|0.0253|0.483|11.69 | 0.394 | 0.607
N+BA.XT | 474 | 500 40 2.64 34.2 105 | 23.7 |0.068(0.164|0.0284|0.581| 195 0.606 | 0.759
474 | 800 64 3.84 395 10.5 29 0.083(0.164|0.0309|0.627 | 25.77 | 0.738 | 0.839
Tq= 5000 474 |1100| 88 5.04 45 10.5 | 34.5 | 0.099|0.164|0.0335| 0.66 | 32.27| 0.813 | 0.887
474 (1400| 112 | 6.24 50.9 105 | 40.4 |0.115(0.164|0.0363 | 0.686 | 39.25 | 0.852 | 0.908
M o6y T xr
600 | 200 16 | 1.44 25.7 105 | 15.2 | 0.043|0.207 |0.0228(0.476 | 10.24 | 0.355 | 0.903
I+ XT 760 | 500 40 | 2.64 31.2 105 | 20.7 | 0.059|0.262|0.0235|0.603|17.67 | 0.417 | 0.689
875 | 800 64 | 3.84 365 10.5 25 0.071)|0.302|0.0242| 0.661| 23.4 0.441 | 0.597
TM=48°C 980 (1100| 88 5.04 39.2 10.5 | 28.7 | 0.082|0.338|0.0249| 0.697 | 28.33 | 0.448 | 0.551
1070|1400 112 | 6.24 43 10.5 | 32.5 |0.093|0.369|0.0256 | 0.724| 33.34| 0.445 | 0.522
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[Ipu pabGorewr XuapoTpaHchopMaTop XapaKkTepHHs
makcumyMm 3a KI1JI Ha AXMT ce nosyyaBa BCJI€ACTBHE
€/IHOBPEMEHHOTO IeHCTBHE Ha JIBE ABJICHUS:

1. VBenuuasane Ha KITJ] Ha XT , BcieacTsue aBTo-
MaTHYHOTO MPEMHMHABAHE Ha PEKXMM Ha XHUAPOCHEIWHH-
Tes (ToYKaTa Ha MPEBKIIOYBAHE € MAKCUMYyMa)

2. HamansBane Ha KIIJI, BcieacTsue yBeinvyaBaHe
Ha XMpaBJIMYHUTE 3ary0H B TPAHCMHUCHsATA, KOUTO Hapa-
CTBAT C YBEJIMYaBAHETO HA YECTOTATa Ha BbPTEHE.

[Topaau orpaHHYeHHTe Bb3MOXKHOCTH Ha 3a[BHKBA-
UM arperat MoMy4eHUTe MaKCHMMallHM CTOMHOCTH 3a
KITJ] Ha AXMT ca no-HMCKH OT O4YaKBaHHTE, 3al0TO HE
ce JIOCTHraT HOMUHAIHWTE PEeXXHMHM Ha HaTOBapBaHe Ha
Ta3y TPAHCMHKCHUs, KbIETO OTHOCHTEJHATa rojieMHHa Ha
XMPABIMYHUTE U MeXaHHUHUTE 3ary0u e maika. 1o cb-
1aTta NpUUYMHA He ce J0CTUrHa cTon-pexuma Ha XT.

B 3akiioueHHe MOKE a C& KaKe, Y€ C HarpaBeHUTe
onuTH M pa3paboTeHaTa METO/AMKa Oe HaTpynaH BaxeH
ONMUT B 00JaCTTa Ha M3MUTBAHMATA Ha ABTOMATHYHUTE
XUIPOMEXaHUYHH TpaHCMHCMHUCHH. Pesynrature, OTro-
BOpHMXa Ha OYaKBAHMATA KAaTO XapaKkTep Ha KPUBUTE OT
rJlefHa TOYKa Ha TEOpWsATa M MOraT Ja MOCJyKaT KaTo
6a3a 3a olwle M pasiMYHK 3aXbJI00YEHH W3CJIe/IBAHUS B
Ta3u HACOKa.
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Pestome

B cratusTa ca onmucaHu JadopaTopHa NOCTAHOBKA 32
u3cie/BaHe Ha Koe(pULMEeHTa Ha TI0JIE3HO JEWCTBHE
(KIT[I) Ha aBTOMaTH4YHA XMAPOMEXAaHWYHA TPAHCMUCHS
3a JeKd aBTOMOOMIM M nosydenute pedyntat 3a KITJT
Kato (DYHKLHS Ha TpeJaBaHusl BbPTALL MOMEHT U YeCTO-
TaTa Ha BbpTeHe. M3cieaBaHu ca MO OTAENHO XUIpaB-
JMYHATA ¥ MEXaHWYHATa 4acT Ha TPaHCMUCHUsTA Ha pas-
JWYHKUTE NpenaBky. HampaBeHu ca CbOTBETHUTE M3BOIM
3a BJIMSIHMETO Ha eHHU Win aApyrH ¢paktopy Bbpxy KITJI n
CHOTHOILIEHHETO Ha 3ary0uTe B OTAEIHUTE ChCTABHHU Yac-
TH Ha TPAHCMHCHUATA.
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