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Abstract. Loading and unloading works are an
integral part of the construction process. Cranes of
various types were mostly use to perform these
works.

To ensure trouble-free operation and increase the
reliability of cranes, when calculating structures and
components of their working equipment, it is im-
portant to take into account dynamic loads, which
are several times higher than static loads. Elements
of dynamic loads in the crane suspension are its
elastic components (flexible traction bodies) -
ropes.

The process of lifting a load from a rigid base
and picking it up is considered, which divided into
three stages: the first is the selection of clearances
and the tension of the ropes; the second is the pre-
opening stage of lifting the load; the third is the
post-detachment stage of lifting the load.

For each stage, the initial conditions accepted,
the differential equations of the movement of loads
compiled, their solution given taking into account
many factors, and expressions derived for determin-
ing the forces in the load suspension. At the first
stage, the duration of the gap selection (tension of
the ropes) is determined, at the second stage, the
speed of separation of the load from the base is de-
termined, at the third stage, the maximum force in
the elastic element determined.

The method of determining the forces in the sus-
pension of the load, the duration of the selection of
clearances (tension of the ropes), the speed of sepa-
ration of the load from the base, and the maximum
force in the elastic element presented in the work
allows you to significantly simplify the solution of
complex equations, to determine simple expressions
and to determine them with sufficient accuracy for
practical calculations values.

Keywords: crane, mechanism, load, moment,
effort.
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INTRODUCTION

Cranes, as lifting machines, are widely used
in construction to move loads and install struc-
tures.

Scientific and technical progress, which is
taking place in all countries of the world, con-
stantly requires an increase in productivity, load
capacity and an increase in the working speed
of lifting machines. This leads to a reduction in
transient processes, i.e. to a reduction in the ac-
celeration and braking time of machines.

All this leads to an increase in the workload
of the lifting machine, there are additional ef-
forts on all the machine elements, which re-
ceived the name in technology - external dy-
namic loads.

On the other hand, any machine has struc-
tural features of its kinematics. Deformation of
flexible elements during the operation of the
machine creates oscillating processes in the
load suspension and refers to the phenomena of
the internal dynamics of the machine.

For the safe operation of cranes, it is im-
portant to consider the amount of all types of
dynamic loads when calculating their structures
and selecting components.

PURPOSE OF THE ARTICLE

Develop a methodology for determining dy-
namic loads in the crane suspension when lift-
ing a load from a rigid base in order to simplify
complex calculations and determine simple ex-
pressions for practical calculations.
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MINING AND LIFTING TRANSPORT MACHINES

ANALYSIS OF PREVIOUS RESEARCH

In work [1] V. S. Loveykin, Yu. V. Chov-
niuk, M.D. Dikteruk and S.I. Pastushenko, the
tasks of dynamic analysis and synthesis of
movement modes of the load lifting mechanism
were set and solved. This work uses systems
with concentrated and distributed parameters
(crane bridge, rope). The results of the research
illustrated by graphic dependencies.

V. F. Gaidamaka studied the dynamic forces
that arise in the load lifting mechanism under
the condition that the speed of the rope hitting
the drum in the pre-break-off stage of the load's
movement is constant, and in the post-break-off
stage the driving force is constant [2]. The
cargo lifting mechanism presented in the form
of a two-mass dynamic model. To model the
loading mode, the author uses a piecewise-con-
stant function of changing the braking force.

In article [3], an analysis of dynamic loads in
non-linear elastic elements of the load lifting
mechanism of bridge cranes at the stage of their
start-up carried out. This is a generalization of
the linear version of the model (crane lifting
mechanism), where a two-mass dynamic model
with a linear elastic rope is used.

In the articles [4, 5], the dependences for de-
termining the inertial loads in the mechanisms
of self-propelled cranes when lifting (lowering)
the load, turning the boom with the load, raising
(lowering) the boom and combinations of these
movements are given.

Work [6] was state that the load lifting
mechanism consists of a large number of elastic
elements. Compiling and solving equations to
determine the elasticity coefficients is a diffi-
cult task. In order to simplify the equations and
these calculations, the next scheme of calcula-
tions was recommend in the work, according to
which the rest of all the elements of the mecha-
nism reduced to its first element (engine). This
allows you to significantly simplify the equa-
tions for solving and determine the values of the
elasticity or stiffness coefficients of the ele-
ments of the dynamic loads of the load lifting
mechanism of cranes.

In work [7], the dynamic response of tower
cranes in combination with pendulum move-
ments of the payload investigated. To simplify
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the main equation, a simple scheme of disturb-
ances and the assumption of a small pendulum
angle are used. The integrated governing equa-
tions were derive on the Lagrange's equations.

The dynamic loads during the rotary move-
ment of a tower crane with a load, which causes
the spatial movement of the pendulum were
consider in works [8, 9]. For this, nonlinear
mathematical models of load oscillation during
turning movement were formulate, taking into
account the nonlinearity of the rocking move-
ment at large angles and the nonlinearity of
power transmission.

The bridge crane modeled as a point mass
was consider in [10]. A payload of point mass
is attached to the carriage by means of a mass-
less beam and moves both in-plane and out-of-
plane. The influence of pendulum movement,
pendulum length and mass of payload on pen-
dulum movement was studies.

The work [11] proposed a method of exact
integration for calculating the dynamic loads of
the system. This method has the advantages of
high accuracy and takes less computing time, is
simple and effective for analyzing the dynamic
characteristics of the crane system.

All cited works and publications, the indica-
tors of the dynamic load of the crane suspension
are not determined.

PRESENTING MAIN MATERIAL

Consider the dynamic loads in the lifting
mechanism when the load is on a rigid base dur-
ing its lifting.

When accelerating the lifting mechanism,
when the load is on a rigid base, two cases are
distinguished:

1. Starting the mechanism with elastic pickup
of the load.
2. Start with picking up the load.

The start-up with elastic pick-up means the
case when the acceleration of the mechanism
begins when the load lowered onto the support
with the tension of the ropes, i.e. 0<F <G,,,,,

where F is the tension of the ropes, kH; Ggan iS
cargo weight, kH.

Starting with picking up the load means the
case when the acceleration of the mechanism
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begins with the load lowered onto the support
and the ropes weakened i.e. F <0.

When lifting a load with pickup, depending
on the tension of the ropes, the type of engine
and the launch system, two cases are consid-
ered:

1. ropes can start to stretch before the end of
the engine acceleration, i.e. M, <M, ;

2. ropes can begin to stretch after full accelera-
tion of the engine when M = M, , where M,

is actual engine torque, Nm; M, is nominal

engine torque, Nm.

Dynamic loads in the second case are much
higher than in the first.

When considering the dynamic loads in the
crane suspension during start-up with pick-up,
we first assume that the load is on a rigid base
and consider the metal construction of the crane
as rigid.

The process of lifting "with pick-up" is con-
sidered as a step-by-step process:

- the first step is the selection of clearances
and the tension of the ropes;

- the second step is the pre-tear stage, when
the force in the elastic element increases to
the value «Ggap» at a fixed mass «ma»;

- the third step is the post-detachment stage,
which begins with the movement of the mass
"m2" detached from the support.

The first stage.

At the first stage, the gap is selected «A»in
this system. During the first stage, mass «mu»
moves under the influence of a constant mean
starting force «P1», at the same time, the gap is
selected «A» (Fig.1).

XllT_ rllpl
l
m_rA

msy
T 7

Fig. 1. Scheme of the first stage with cargo pickup
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The equation of motion of the leading mass,
at the first stage, was write down:

ml 5(‘11 - I:>1 (1)

where

P

_1
1 m
1

)

Integrating twice, it was get:

t P
. _ s S
11_jxlldt_m t; ©)
0 1
t P
_ [y _ 1 42
xll_jxlldt—z'm te, (4)
0 1

at x = A the duration of the first stage has been
obtained:

t= s (5)

where A is clearance or the amount of slack in
the rope.

Accelerated pickup were considered in the
case when the driving force depends linearly
on the speed of the driven mass, which is char-
acteristic of crane drives with an asynchronous
electric motor or a direct current shunt motor.
In the first approximation, it can be assumed
that the electric motor works on one artificial
characteristic at all stages of pick-up (Fig. 2).

o k

1B

[

0y 1

I - E A
C J'Hm M

Fig. 2. Simplified artificial characteristics of the
electric motor
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On Fig. 2 was marked:
Mm — maximum engine torque, Nm;
M — is the current value of the engine torque,
Nm;
o, — is the angular velocity of the engine
idling, rad/s;
o1 — the current value of the angular speed of
the engine, rad./s.

From the similarity of triangles ABC and
ADE it was write:

IV'm_M_Mm.Mm_M_Mm.
o1 wx’ o] o wx,

M M M
—m_27m_= (6)

o]  Ox o

when it was multiply by the current velocity
w1, have been received:

M=Mp-Mpn—2; M=M,-Bky, (7)

Wy
where
B= Mul, the coefficient of proportionality;
Ryoy

Xqq :
o, =12 _the current angular velocity of
1
the motor;

i, — drive reduction factor;

Ry — drive drum radius.

Consider the case when the clearances are
selected before the operator goes to the next
stage of the artificial characteristic of the en-
gine, then the equation of motion at the first
stage of the mass movement «mi» will be re-
written as follows:

S m, Y
My Xq = (M —BXq3) ;

Ry
or
My X1 + % BX1 = % Mp. (8)
1 1

Let's divide the equation (8) by m
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%1+ KBy = KM, (9)

Fur
mRy
Integrate equation (9) by «t»

where K; =

Xll + Klell = KlM mt + A&l . (10)

Because at t = 0, x11= 0, %;; = 0, and therefore
A11= 0. Finally, will be receive:

Xll + KlBXll = KlM mt . (11)

This is a differential equation of the first order,
the characteristic equation of which:

A =—-K B =const.

In this case, the expression for mass dis-
placement «my» will look like next:

x =d4 MVid 4, (12
11 12 13 14

by t=0 x11=0 and x;, = 0, has been received:
0=A12+ A14 Or A12=-A1a.

Let us differentiate this equation and find the
coefficients «412» and «A414»:

x =AreMtin . (13)
11 12 1 13

Substituting into the first-order equation
(12), grouping similar terms and transforming,
the next equation it was obtain:

(Aohe™t + Ag) +
+ KB(ALeM + Agt+ Ay) = KM t;
or
AheMt + Ag+ K BA M + K BAt +

(14)

It was group similar members by «t» and
because A, =—KB has been received next:
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— M At + KiBAy + Ay = KMt (15)
By t =0, from expression (15) it was have next:
A3 =2AA, abo Az =—AAp. (16)

Substitute (16) into expression (15) and group
the free terms:

— At — A Ay + A Ay = KMt (17)
From expression (17), we have

py = KMo _ KMy My g
A ~K,B B

or
MpRioy — Rioy

A3 = M, i

(19)

Then

Ry mR3w?
AEI.4 Al3 1 X_ :_-31 1 Yx ) (20)
Mo — KBl IEn,Mp,

mlR

3113'\/'
Let's substitute the determined coefficients
into the expression for moving the mass «my»
at the first stage and we will get:

Since A2 =-A14 then A, =

iy = TR gt gy R )
I3T]3 m 3

The first stage ends with a complete sam-
pling of «A»gaps in the system, i.e x;; = A.

Let's expand the exponent function into a se-
ries:

2 n
Mt Mt
e)\,lt:l_i_ﬂ_'_( 1) +___+( 1) ’ (22)
1! 2! n!
where xl_—5=— M, .
my W, My

Let's leave the three terms of the decomposi-
tion from the equation and determine the dura-
tion of the first stage:
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3 .2 2
:mlRl('Ox( | nsM

mt 4
i3
+(|3n3Mm)2t ) lext_Mmlgnst
mlRl O)X 2 |3 2m1R1

Whence, the duration of gap sampling (rope
tension) at the first stage will be:

t= / 2Am1R1 (24)
M m|3n3
System parameters at the border of the first
and second stages:

Rl Oy e}“lt n Rl(’ox _

X1k = X2 = — :
' ’ (25)
= RO gy,
I3
MlK:MZH:M Mm|3 R]_OD %
Rioy 1, (26)

x(1—eM'y = M et

The second stage.

The second stage is the pre-break-off stage,
when the force in the elastic element increases
to the value «Ggan» at the non-moving mass
«max» (Fig. 3).

X12 T_ nIlPZ

F1
F>
ot
SS S SAS S S S
BaH

Fig. 3. Scheme of the second stage of cargo lifting
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For the initial conditions at the second stage,
we accept the final conditions of the first stage,
i.e: mass «mg» has an initial velocity X;; =V,,

(m/c); displacement «x11» and effort «F1» are
equal to zero.
At the second stage, the elastic link begins to
be loaded to its maximum value «Ggan».
Differential equation of mass motion «my»
will be write like this:

mX,=P,-F, (27)

since as F, =G,,, +C(X,—Xy;), and at the

same time Ggan = 0, x22 = 0, then this expression
will be rewritten like this F, =cx;,, where ¢ —

linear stiffness of cargo suspension.
Then, substituting the values F2 we will get:

or

. c P

Since as w’ = ¢/ my, will finally be possessed:
o 2 P2
Ko+ Xy, = —=, (30)
12 12 m1

where o — natural frequency of free oscillations
of the mass «ma», s, P> — driving force, kN.

If we substitute the value of the force "F,"
into the differential equation of motion (30), the
driving force "P.", which will be determined by
the torque on the drive, then we will get the fol-
lowing equation:

. 2 iT] .
X9 +© XlZ:r;Rg (Mp —Bxqq),

1™
or
Xlz + KlBXlZ + O)2X12 = KlM m (31)
where
Ky =M
myRy
20

So how o= fi — natural frequency of os-
m

cillation of the mass «ma», ¢, and n= _K;B -

2

= m — coefficient characterizing the re-
2R 10, My

sistance of the medium.

By substituting, a differential equation of the
second order is finally obtained, which is solved
according to the rules for solving an equation of
this form (the characteristic equation is com-
piled and its solution is found, then the solution
is added taking into account the right-hand
side):

Xlz + 2nX12 + (1)2X12 = KlM m - (32)
The characteristic equation will be next:
M +2nh+o? =0. (33)

If n > o, then the roots of the characteristic
equation are distinct and real:

A =-n+n® —o® ; (34)
Ay =-n—-n*—e?. (35)

In this case, with real and unequal roots, the
solution will be follow as:

X = Azle}blt + Azze}bzt +X5p,  (37)

where xq, is partial inhomogeneous solution.
Let's determine the solution xj, in the form
of a square polynomial:

Xip = A% +Cxy, +D. (38)

Let's find the derivatives of expression (38) and
substitute them into the basic differential equa-
tion (32):

ISSN(online)2709-6149. Mining, constructional,
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24+ 4nAxXg, + 2nC + 0% AxS

) ) (39)
+ O CX12 +0°D= Kle

Equating the coefficients with the same powers

X1o , it was get that A=C=0and

Kle

(02

®?D = KM, whereof D =

. (40)

Since the beginning of the countdown of the
second stage starts from the end of the first,
when the velocity of mass movement «mp»

lex (1 _ e?ult)

reached a value equal to %;,, =
3

and at the same time we will assume that xi2, =

=0and t=0. Equation (37) will be write follow

as:

KM
0=Agy+ Agy +—= 2m ,
()]
where:
KM
AZl:_AQZ_ 12m' (41)
()]
Then in the next equation
Xip = Poihy + Agohy, (42)

let's substitute the value «421»

. KiM
Yo =—Poghy — 1»2 T+ Aphy,  (43)

whereof:

_ X12(D2 + KlM m7‘1

o (hy —Ay) )

A22

Substitute the value obtained «422» into equa-
tion (41) and find the first coefficient «421»:
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Xlz(DZ + KlM mkl KlM m
Por === T2 T
o Ay —2q) ®
_ X120)2 + KlM m}\.z

®* (A —1y)

(45)

After that, when value «x12» reaches such a
value that the force in the elastic element be-
comes equal to the weight of the load «Ggan»,
the second stage ends, that is Fz; = Ggan= Cx12«.

We substitute the values in equation (37)
X120 = Ggaw/c and we will get the equation for de-
termining the displacement when the load is
separated from the base with duration «to»:

_ Xlz(x)z + KlM m?\.z e}\'lt +
©” (b —Ap)

X20° + KiM g ot
o (hy —Ay)

KlM m _ GBaH

— =

0] C

X12

(46)
+

Then we differentiate the equation (46) by
time and substitute values there «t>» and we
find the speed of the first mass at the moment
of separation of the load from the base:

Viinp = X12 = X3y =

. 2
_ X0 + KyMphy g,

(47)
@’ (A —1p)
X107 + KiM iy otz
®* (Lo —2y)
The main force, kN:
F3n = CXIZK ; 'iZ K CVBmp . (48)

The third stage.

The third stage is the post-detachment stage,
which begins with the movement of the mass
«mp» detached from the support.

At the third stage, both masses in the system
will move (Fig. 4).
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XlST_ nTth

Fs

C

Xst_ mfz
777 16 7

Fig. 4. Scheme of the third stage

The differential equation of motion of both
masses will be write follows as:

{”HX13 =R-FK (49)

MyXo3 = F3 =Gy

In this period, the driving force «Ps» differs
little from the weight of the cargo, therefore, in
the first approximation, it can be assumed that
P3= GBaH-

From the differential equation of motion, we
find the values of the accelerations of both
masses:

x13 — GBaH _ F3 : (50)
my

Fs—Ggan (51)

2

X3 =

Differentiate the elastic load equation twice
and substitute the mass acceleration value:

= BaH—F F —
F3:(X'13—5('23)C:C(G S GBaHJ:
my m,

— CGBaH _ CF3 _ CF3 + CGBaH _

22

ﬁ3+cF3[i+i]:cGBaH(i+ij;
m My m.m,

E = 0lFs = 2

2 =0 =G, 0. (52)

A linear inhomogeneous differential equa-
tion of the second order with constant coeffi-

) . / +m
cients was obtain. Where o= et e
mm,

frequency of self-oscillations of masses in the
post-separation period.

The general solution of this equation will be
write down:

F, = Acosot+Bsinot+F;;  (53)
at the same time we will accept:
F;=D=const aswellas F;=F,=0.

By substituting, these values in the differen-
tial equation (52) received next:

2

Do“ =G,,,0°; (54)

Substituting (53) into the general solution of
the differential equation, we obtain:

F; = Acosot+Bsinot+G,,,, . (55)

Initial conditions of the third stage:
I:2|< = GBaH =CX|px ;

FZK = CX].ZK = F3n = CX13H =cV,

Bifp ; (56)
F, =G

BaH !

Then at t =0 the differential equation will be
written:

G, =A+G,, or 4=0. (57)
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To find the second coefficient, we write
down the first derivative equation (55):

F;, =—-Aosinot+Bocosot, (58)
whereas F, =cV,,, thencV,, = Bw whereof
B Vi |

(Q))

Substitute and finally obtain the forces in the
elastic element:

F —CvﬂsianG (59)
3~ BaH *
Q)]

It follows that the force in the elastic element
after the load is detached m; from the support
fluctuates around the value «Ggan» With ampli-

cV. . .
tude «—=2» and circular frequency «w» (Fig.
Q)
5).

The maximum value of the force on the rope

in the break-off period will be at t = /2, then:

cV..
FmaX - GBaH + — '
()]
or
c(mmy,)
FmaX = GBaH +VBi : (60)
P +m,
FI Rmac 35
ANV
/20
AN
A \
GBaH < > \/
Y- Lo > Fmin
B 21/ . ©

Fig. 5. The graph of the fluctuation of the force in
the elastic element after the separation of the load
from the base

It follows from this expression that the dy-
namic maximum force in an elastic element is
directly proportional to its stiffness «c» and the
speed of the load at the time of separation from
the base.

ISSN(print)2312-6590. FipHW4i, ByAIBEAbHI, AOPOXHI i

MEAIOPATHBHI maLumHK, 103, 2024, 15-24

In some cranes, the kinetic energy of the ro-
tating mechanism masses is many times greater
than the Kkinetic energy of the nominal lifting
load, i.e. my>>my, especially in general purpose
cranes in which m1=(10...20)mz. For such
mechanisms, it can be assumed that my+m, =
my, and when picking up the load from the sup-
port, the speed of mass movement does not
change, i.e X3, = X5, = Xio = Xi3n = Vainp -

Then, substituting these values into the pre-
vious equation (60), we get the maximum force
in the elastic element:

Fmax = GBaH +VBiup \,CW[Z ' (61)

In fact, the value of the maximum force is
slightly less than the value obtained by this
equation. However, the simplicity and clarity of
the physical meaning of this expression allow it
to be used in preliminary practical calculations.

CONCLUSIONS

The application of the given technique al-
lows to determinate simple expressions for the
calculations of dynamic load in the crane sus-
pension when lifting the load from a rigid base
with sufficient accuracy for practice. This sim-
plifies calculations and reduces their duration.

In the future, it is necessary to develop pro-
grams to perform these calculations using com-
puters.
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BusHavyeHHs ITMHAMIYHUX HABAHTAKEHb B
nigBicui kpaHa npu nigiiManHi BaHTaxKy
3 JKOPCTKOI OCHOBH

Bonooumup Bonaniox*, Imumpo Miwyx?,
Cezeniti [opbamiox®

L23Kuiscoruii nayionanvhuii ynieepcumem
0yOieHUYmMea i apximexmypu

AHoTtanisi. HaBantaxyBanbHO-pO3BaHTaKyBa-
JIbHI pOOOTH € HEBII EMHOIO CKIIAIOBOIO TEXHOJO-
riYHOTO Tporecy OymiBHUITBA. [ BUKOHAHHS
IUX poOIT 3/EOUTBIIOTO 3aCTOCOBYIOTh KpaHH Pi3-
HUX THUIIIB.

s 3abe3meueHHss Oe3aBapiiHOi poOOTH 1 Tif-
BUIIICHHS HAJIMHOCTI KpaHIB MPH PO3paxyHKax
KOHCTPYKIiH 1 KOMITJICKTYIOUMX €JIEMEHTIB iX po0o-
4oro oOJIaJHaHHS Ba)KJIMBO BPaxOBYBATH JAMHAMIi-
YHI HaBaHTKEHHS, SIKi B IEKUTbKA Pa3iB MEPEBHIILY-
I0Th CTaTW4HI HaBaHTaXCHHS. EnemeHTamu nuHa-
MIYHIX HaBaHTAXXEHb B IMiIBICIII KpaHa € HOTO Tpy-
JKHI CKJIaJI0Bi (THYYKI TSATOBi OpraHu) — KaHATH.

PosrnsHyTO npotiec miaidiMaHHS BaHTaxXy 3 KO-
PCTKOT OCHOBH 3 WOTO IMiJXOTUICHHSIM, KUK PO3Ii-
JISIETHCS Ha TPU €TAIH: TIEPIINi - BUOip 3a30piB 1 Ha-
TAT KaHATIB; NPYTWi — JIOBIAPWUBHA CTaJis IIimii-
MaHHS BaHTaXKYy; TPETill — MiCIABIAPUBHA CTAis Ti-
IiiMaHHS BaHTaXY.

Jis  KoXHOro erarry TpPUHAHATI  MMOYATKOBI
YMOBH, CKJIafIcHI AudepeHIianbHi piBHIHHI PyXy
BaHTaXiB, HABEJCHO iX PO3B’A30K 3 ypaxyBaHHIM
0araThOX YMHHUKIB 1 BUBENIEHI BUpPA3H JJIs BU3HA-
YeHHS 3yCHJIb B IIBICIII BaHTaXy, TPHUBAJIOCTI BHU-
0opy 3a30piB (HATATY KaHATIB) Ha MEPIIOMY €TaIli,
IIBUIKOCTI BiIPUBY BaHTaXy BiJl OCHOBH Ha ApY-
roMy eTari, MaKCUMaJIbHOTO 3yCHIIJIS B IPY>KHOMY
€JIEMEHTI Ha TPEThOMY €TaIli.

HaBenena B po6oTi MeToanka BH3HAYEHHS 3Yy-
CWJIb B TIBICIII BaHTaXy, TPUBAJIOCTI BHOOPY 3a30-
piB (HaTATY KaHATIB) Ha MEPLIOMY €Tarli, HIBHJKOCTI
BiZIpUBY BaHTaXy BiJl OCHOBH Ha JIPyroMmy eTarmi,
MaKCUMAaJIbHOTO 3yCHJUIS B IPY’KHOMY €JI€MEHTI Ha
TPEThOMY €Talli JIO3BOJISIE 3HAYHO CIPOCTUTH
PO3B’s13aHHS CKJIQJIHUX PiBHSHB, BU3HAYHUTH MPOCTI
BHPA3H 1 3 ZOCTATHBOIO [T IPAKTHYHHUX PO3PAXYH-
KiB TOYHICTIO BU3HAYATH iX BEJIMUMHHU.

KuarouoBi cioBa: kpaH, MexaHi3M, HaBaHTa-
KEHHS, MOMEHT, 3yCHJLIS.
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