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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 24044:2020(E)

Ships and marine technology — Deck machinery —
Multifunctional manipulator

1 Scope

This document specifies the classification, requirements, test methods and inspection rules, as well
as mATKIg, packaging, Shipping and Storage TequiTrenents for muitifurnctionat mamniputators for deck
operptions (hereinafter referred to as “multifunctional manipulators”).

It is| applicable to the design, manufacture and acceptance of double folding’ multifunctional
manipulators for clamping and tidying the anchor chain and ropes in deck operations.

2 Normative references

The following documents are referred to in the text in such a waykthat some or all of their content
constitutes requirements of this document. For dated references,‘enly the edition cited [applies. For
unddted references, the latest edition of the referenced document(including any amendments) applies.

ISO 480, Packaging — Distribution packaging — Graphical symbols for handling and storage ¢of packages
ISO 3828, Shipbuilding and marine structures — Deck machinery — Vocabulary and symbols

[SO 13849-1:2015, Safety of machinery — Safety-related parts of control systems — Parnt 1: General
prindiples for design

IEC 60529, Degrees of Protection Provided By'‘Enclosure (IP Code)

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 3828 and the follpwing apply.
[SO dnd IEC maintain terminplogical databases for use in standardization at the following gddresses:

— ISO Online browsing-platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
jib
second movable arm of the multifunctional manipulator used to lift and hook tension free fjopes

3.2
multifunctional head

operating device of the multifunctional manipulator used to grasp, clamp and tidy the anchor chain
and ropes

3.3
multifunctional boom
second movable arm of the multifunctional manipulator used to connect the multifunctional head (3.2)

34

main boom

first movable arm of multifunctional manipulator used to connect the slewing tower body and the
second movable arm of the double folding boom

© IS0 2020 - All rights reserved 1
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3.5

luffing

movement made by the main boom (3.4), jib (3.1) and multifunctional boom (3.3) of the multifunctional
manipulator in changing the range in a reach direction

3.6

safe working load

SWL

maximum static load (kN) that the multifunctional manipulator can hoist or the multifunctional head
(3.2) operates under design working conditions

3.7
travelling mechanism
mechanism |of the travelling multifunctional manipulator used to complete the movement{with|load
along the guide rail, consisting of carrier, roller train, guide pulley set, travel driving unit,\.cable|reel,
pay-out stand, rail clamping device, speed control valve, buffer, and lubrication line

4 (Classification

4.1 Strudtural types

4.1.1 Multifunctional manipulators can be divided into fixed and €ravelling types, according to [their
structure (istallation) form.

4.1.2 Multifunctional manipulators can be divided into . multifunctional boom only and combined
multifunctignal boom and jib, according to their compositien. See Figure 1 and Figure 2.

2 3 4 5 6
[¢]
O,
/__/'- Q G) /
Key
jib 4~ multifunctional head
2 multifunctional boom 5 slewing tower body
3 main boom 6 fixed base

Figure 1 — Fixed multifunctional manipulator with combined multifunctional boom and jib

2 © IS0 2020 - All rights reserved
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1
2
3

4.2

The multifunctional manipulator shall be designated as shown in the example in Figure 3.

EXAN
radiu
HMF

4.3

The
the a

ultifunctional boom
ain boom
ultifunctional head

Product designation

4  slewing tower body

5 travelling mechanism

Figure 2 — Travelling multifunctional manipulator with multifunctional bopm

IPLE Designation of a multifunctional manipulatorith lifting SWL of 30 kN and maximum working

s of 12 m, hydraulic-driven, fixed type and doublé/working booms: Multifunctional manipulator

3012-D

goggog
—‘7 —|7— Component: D-double working booms; S-single working bqom
Maximum working radius (m)
Lifting SWL (kN)
Type: F-fixed M-traveling
Multifunctional manipulator: M
Power Type: H-Hydraulic
Figure 3 — Product designation example
Appearance

colour, of the multifunctional manipulator surface shall be uniform, and the outer [surface and
oating layer shall be free from scratching, peeling, cracks and rust. The safe working load (SWL)
nation shall be clearly visible to the operator.

desig

4.4

Basic parameters

The basic parameters of the multifunctional manipulator shall conform to Table 1.

Table 1 — Basic parameters of multifunctional manipulators

Type HMF-2010-D | HMF-3012-D | HMR-3012-D | HMR-3014-D
Lifting (kN) 20 30 30 30
SWL Multifunctional
head operation (kN) 20
NOTE ¢ is the diameter of chain or rope.
© IS0 2020 - All rights reserved 3


https://standardsiso.com/api/?name=52770de504bf254bca3879db02e45f9c

ISO 24044

:2020(E)

Table 1 (continued)

Type HMF-2010-D | HMF-3012-D | HMR-3012-D | HMR-3014-D
Lifting speed (m/s) 0,46
Maximum working radius (m) 10,2 12,2 12,2 14
Minimum working radius (m) 2,6 2,5 2,5 3,4
Slewing angle ) 360° full slewing
Main boom luffing ) 0°to 60°
Jib luffing ) 20°to 150°
Multifunetionat-boemtuffing 3 20°%te1+50°
Swinging luffing of the
multifuphctional head along ) 120°
the boom
Selflswinging of the o o
multiifunctional head ) +40
Self dlewing luffing of o o .
multiifunctional head ) 360° full slewing
Size range for multifunctional
head clamping anchor chain (mm) ©50 to @120
Size range for multifunctional
headl clamping rope (mm) @300 @84
NOTE ¢ isthe diameter of chain or rope.
5 Requirements
5.1 Design and structure
5.1.1 Envjronmental conditions

The multifu

a) seastat
NOTE
wind for
average

b) ambien{

c) vibratig

hctional manipulator shall be.able to work normally in the following environment:
P: 4

According to Piersen.Z Moskowitz Sea Spectrum and Beaufort Force, sea state 4 means Besd
ce 5, under which-cendition the significant wave is 6 ft., significant range of periods is 2,5~
period is 5 s, and-average length of vaces is 80 ft.

temperatupe: -25 °C~45 °C

n and Shock generated during the normal operation of the ship.

d) humidif

ufort
8,5 s,

y(greater than 95 % with oil mist, salt spray, and mildew.

5.1.2 Steel wire rope

The steel wire rope shall be non-rotating steel wire, and the nominal tensile strength of a single steel
wire shall be not less than 1 440 MPa and not greater than 2 200 MPa.

k

The hook shall be of rotating type and shall reach the lifting capability of lifting SWL in the design

5.1.3 Hoo
sea state.
4

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=52770de504bf254bca3879db02e45f9c

ISO 24044:2020(E)

5.1.4 Pulley

5.1.4.1 There shall be a proper inclined angle, which is usually between 35° and 45°, at the pulley rope
groove side and the inclined angle at the pulley rope groove side in Level 4 sea state shall be taken as 40°.

5.1.5 Boom, slewing tower body, base and carrier structure

5.1.5.1 The main boom, jib, and multifunctional boom shall adopt boom structure form with box
shaped and variable section. The boom, slewing tower body, base and carrier shall be subjected to stress
relief treatment after welding.

5.1.5.2 The slewing tower body shall be subjected to watertight inspection.

5.1.4 Slewing mechanism

5.1.4
mech

.1 If there are special requirements for the slewing tower body to_ limit the slewin
janical and electric limits shall be specified.

g angle, the

5.1.6 ed inside a

hydr

.2 The slewing angle measurement shall be measured jusing an encoder enclos
hulic/electrical adapter.

5.1..3 The slewing mechanism has two slewing hydraulic' drive mechanisms which are
arranged on both sides of the lower plane of the slewing tower body. The slewing hyc
mechanism is composed of a planetary speed reducér; a brake and a gear, and the brake
closgd. The slewing hydraulic drive mechanism shall leave 1,5 mm eccentricity with the m
to ensure that the slewing support meshes wellwith the slewing hydraulic drive mechani
compensates for wear during use.

respectively
raulic drive
is normally
punting axis
bm gear and

5.1.7 Fixed base/travelling mechanism

5.1.7 to excessive

elast]

.1 The fixed base shall be of'sufficient rigidity to prevent the system from shaking due
c deformation.

5.1.7.2 For roller trains-of the travelling mechanism, the two roller trains mounted on the front and

rear
mou
verti

ends of the lowep-portion of the carrier respectively shall be used, each roller train cons
hting shaft, fourpositive rollers, four return rollers and two swing frames, to accomm|
Cal plane motion and horizontal yaw of the ship. Travelling drive should adopt the pin

isting of one
odate to the
on and rack

driving mode,

5.1.7
stroK

.3 A The cable length of the cable reel on the travelling mechanism is one-half of t
e‘of the travelling multifunctional manipulator plus the safety ring number.

Te travelling

5.1.7.4 The role of the speed control valve of the travelling mechanism is to automatically slow down
and stop travelling near the stroke destination. The travelling mechanism of the hydraulic drive shall be
equipped with a speed control valve to ensure the system travelling safety and buffers shall be installed
at both ends of the travel stroke.

5.1.7.5 Theroller of travelling mechanism shall be of curved tread and the guide rail shall be of flat tread.

5.1.7.6 The lubrication for the roller train and guide pulley set shall be carried out with wheel-side
manual lubrication.

© IS0 2020 - All rights reserved
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5.1.8 Multifunctional head

5.1.8.1 The multifunctional head shall be mainly composed of an inverting mechanism, a slewing
reduction box, a quick change mechanism and a fixture assembly. See Figure 4 for the structural diagram.

1

Key
1
2

inverting
slewing

5.1.8.2 Th
flipped, osci

5.1.8.3 Th
rope fixture|
clamped sh{

5.1.8.4 Th
installed on

5185 Th
plastic non-1
There shall |

5.1.8.6 Th
wear resista
greater than

2
3
4
mechanism 3 quick change device
reduction box 4 rope/anchor chain fixture mechanism

Figure 4 — Structural diagram of multifunctional head

e multifunctional head shall integrate an anchor™chain fixture/rope fixture, which c3
lated, or fully slewed (see Table 1 for parameters).

e rope size that the multifunctional head can clamp shall be 50 mm to 84 mm, an
shall have the function of extension, and retraction; the size of anchor chain that ca
1l be 50 mm to (120 mm.

e rope and anchor chain fixtures shall clamp the cylinder through the hydraulic slip
the slewing reduction boxtrahsmitting hydraulic power.

e contact surface between the rope fixture and the steel wire shall be made of high-strg
metallic material with a tensile strength of more than 100 MPa and excellent wear resist
pe anti-skid groeves on the surface.

e anti-skid groove structure shall be adopted for the head of the anchor chain fixture|
ince shall*be considered when selecting metal materials, and the yield strength shg
500 MPa.

n be

d the
n be

ring

ngth
ance.

The
1l be

5.1.8.7 The design of the multifunctional head shall ensure the rationality of the spatial arrangement
of the pipeline under multi-degree of freedom motion.

5.1.8.8 The design of the multifunctional head shall ensure that the direction change of the SWL of the
anchor chain/rope tidying operation.

5.1.9 Braking system

The multifunctional manipulator braking system shall meet the following requirements.

a) Each mechanism of a multifunctional manipulator shall be provided with brakes. The brakes for
lifting and slewing mechanisms shall be normally closed and the safety factor (ratio of braking
torque to rated torque) of the brake shall be not less than 1,5.

© IS0 2020 - All rights reserved
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prevent the equipment from self-sliding under the action of wind or ship tilting.

when the equipment is shut-down.

mechanism of the multifunctional manipulator.

The travelling multifunctional manipulator shall be equipped with a rail clamping device so as to

The travelling multifunctional manipulator shall be equipped with an anchoring device for fixing

The braking system shall not produce impact loads that can cause damage to the structure and

The mechanical brake shall be equipped with brake pads made of refractory material and such

pads shall not affect the normal operation of the brake after they are heated and dampened.

5.1.1

5.1.1
remd

5.1.1
contl

5.1.1
mult

5.1.1
spee

5.1.1

0 Electric control system

0.1 The control modes for the multifunctional manipulator shall include local\control
te control.

0.2 The control modes for the travelling multifunctional manipulator-shall include wir
ol and centralized control.

0.3 The control speed for winch lifting and lowering, beom luffing, tower body
functional head extension and retraction shall be stepless-adjustable.

0.4 The travelling speed for the travelling mechanism shall be switchable between h
1 positions.

0.5 When the multifunctional manipulatorcrequires multi-points control, all control

be interlocked. Only one control point is allowedfor operation at any time and an emergen

devid

5.1.1
1501

5.1.1
resp

5.1.1
syste
trang
with
autol

e shall be installed at each control point}

0.6 The remote control systemforthe multifunctional manipulator shall normally op
m and shall be designed according to ISO 13849-1:2015, index class d.

0.7 The remote control system shall have an active emergency stop signal and the
pnd not later than 20 ms.

0.8 The remote<Control system shall have a passive emergency stop signal. When t
m fails to peceive continuous and valid transmission signals within 0,55 s (for e
mitting syStem has insufficient battery power, exceeds the effective service distance,
by the same frequency signal, or the signal is shielded), the receiving system shall cut o
matically.

Tha yraca ctapmy chall on o 7 hand fenoiane lation o

hnd wireless

bless remote

slewing and

igh and low

points shall
Cy power off

erate within

bystem shall

he receiving
xample, the
s interfered
ff the output

5.1.

09 IvZing oyz YZAYTr m oy 1 3z ynondly
Uy 7 I IC—TCCCTVIITS - Oy StCIIT otralr aoC—a veTy tartrovy oo rrocqucoCy motaracrotT o

d only the

required frequency shall be allowed to pass through. A remote control system with automatic frequency
management is adopted. When the same-frequency interference occurs, the operating frequency of the
transmitting system shall be capable of being automatically changed to adjust the receiving system to a
non-interfering frequency automatically and simultaneously so that the remote controller can operate
normally.

5.1.10.10

The multifunctional manipulator shall be equipped with an emergency shut-down

mechanism. When the operator conducts emergency shutdown, the emergency shutdown mechanism
shall be capable of cutting off the power source of the multifunctional manipulator and stopping operation
as well as making the automatic control brake system work. The emergency shut-down mechanism shall
be placed in an obvious position easily accessible by the operator and that can avoid misoperation.

© ISO

2020 - All rights reserved
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The control system of the multifunctional manipulator shall be provided with

Zero

position protection. Before starting the motor, it is necessary to ensure that all control handles and
switches are in neutral position; where this is not the case, all actuators shall remain stationary and it
shall not be possible to operate the multifunctional manipulator normally.

5.1.11 Seat

For the multifunctional manipulator of a centralized control mode, a seat shall be provided for the
operator. The operating panel on the seat shall be capable of fully controlling the multifunctional
manipulator functions with safety protection signal feedback. The seat shall be designed to be

ergonomic with seat cushions and adjustable arm rests. The seat shall be fully adjustable, i.e., the h

front/rear and backrest angles can be adjusted. Arm rests shall be easy to move. The seat shallal
provided with an additional headrest to provide full support in the tilted position.

5.2 Material

5.2.1 The pulley shall be made of steel.

5.2.2 Thefhook shall not be made of cast iron or cast steel.

5.2.3 All Hare tubes and accessories shall be made of stainless steel,

5.3 Perfdrmance

5.3.1 No-load

When the multifunctional manipulator is operated\under no-load conditions, there shall b

abnormality|
the emerger

5.3.2 Ratd

When the td
operated at
shall be no
normal, and|

5.3.3 Ove

When the tg
slowly oper
and leakage

such as sticking, abnormal noise and leakage, and each limit function shall be normal
cy shutdown shall be reliable.

bd load

st stand has an angle of lieel of 6° and a trim of 3° and the multifunctional manipula
the SWL, the performdnge parameters shall meet the requirements in Table 1, and 1
ibnormality such as §ticking, abnormal noise and leakage, and each limit function shj
the emergency shutdown shall be reliable.

r-load

st stand has an angle of heel of 6° and a trim of 3° and the multifunctional manipula
hted atd,1 times the SWL, there shall be no abnormality such as sticking, abnormal
and.each limit function shall be normal, and the emergency shutdown shall be reliabl

eight,

50 be

e no
, and

[or is
here
11 be

[Or" IS
hoise

v

5.3.4 Safety protection

5.3.4.1 The multifunctional manipulator shall have the following safety protection functions:

a)
b)
‘)
d)

lifting/lowering height protection;
operation stroke protection (applicable to the travelling multifunctional manipulator);

maximum/minimum boom range protection;

limit) and audible and visual alarm;

buffer a

nd end stop protection (applicable to the travelling multifunctional manipulator);

slewing angle protection (applicable to the multifunctional manipulator with the slewing angle

© IS0 2020 - All rights reserved
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emergency stop and audible and visual alarm.

5.3.4.2 The multifunctional manipulator shall have the lifting weight protection function and the lifting
protection shall meet the following requirements:

a)

b)

when the actual lifting weight exceeds 95 % of rated lifting weight, the system shall send an audible

and visual alarm signal;

when the actual lifting weight is between 100 % and 110 % of the rated lifting weight, the lifting
weight limiter shall function and the lifting power source shall be automatically cut off, but the

goods shall be allowed for lowering motion.

5.3.4.3 The multifunctional manipulator shall have the function of lifting moment prote
shalllmeet the following requirements:

a)

b)

yhen the actual lifting weight exceeds 95 % of the rated lifting weight, the’system s
qudible and visual alarm signal.

yhen the actual lifting weight is greater than the rated value of corresponding actual r3
than 110 % of the rated lifting value, the lifting moment limiter shalfunction and the p

gctions) shall be automatically cut off, however, the mechanisih shall be allowed to moy
gafe direction.

5.3.3 Electric performance

5.3.3.1 Power supply fluctuation

Unddr normal operating conditions, the input voltage of the multifunctional manipula
between -10 % and +6 % of the rated valuex

5.3.3.2 Insulation resistance

Wheh the ambient temperatureisibetween 0 °C and 45 °C and humidity is between 20 % aj
insulation resistance between(the motor, electrical cabinet and the ground shall be not less

5.3.3.3 Degrees of protection provided by enclosure (only for electrical cabinets)

The dlegree of protectjen provided by the enclosure for the electrical equipment installed on
deck| shall be notlower than IP56, as specified in IEC 60529. and that for the electrica
instqlled on othetrplace shall be [P44.

5.4

Appéarance quality

ction, which

hall send an

nge but less
pwer source

in the insecure direction (rising, ranging expansion, boom extension or the combination of such

e towards a

tor shall be

nd 80 %, the
than 10 MQ.

the exposed
| equipment

5.4.1 The main bearing weld of booms, slewing tower bodies, bases and carriers shall be subjected to
the flaw detection and 100 % qualified.

5.4.2 The slewing tower body lower surface, base upper surface and carrier upper surface shall meet
the slewing supporting planeness requirements.

5.4.3 The interior of the steel tank shall be treated with an anti-rust that is compatible with the
hydraulic fluid.

© IS0 2020 - All rights reserved
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6 Test method
6.1 No-load test

6.1.1 Under the no-load condition, conduct the action test on all the actuators through the console
and the remote controller and check that all the actions are normal and consistent with the operation
instructions, including main boom luffing, jib luffing, multifunctional boom luffing, multifunctional head
launch and recovery, lifting winch lifting and lowering, tower body slewing, rail clamping device action,
travelling mechanism travelling, towing hook opening and closing, multifunctional head swinging,
multifunctional head slewing, rope fixture clamping/releasing, rope fixture launch and recovery, and
anchor chaifi fixture clamping/releasing.

6.1.2 Che¢k the functions of each limit, including lifting/lowering height limit, main boom {uffing |imit,
jib luffing lirpit, multifunctional boom luffing limit, tower body slewing limit and travelling\limit.

6.1.3 Che¢k the function of emergency shutdown.

6.2 Rated load test

When the tgst stand has an angle of heel of 6° and a trim of 3°, complete‘all the action tests specif'fd in
6.1.1 and the safety protection inspection at the SWL, and check the emergency shutdown function.

6.3 Overiload test

When the tgst stand has an angle of heel of 6° and a trim of 3%, slowly operate at 1,1 times the SWL and
complete all the action tests specified in 6.1.1.

6.4 Safety protection inspection

6.4.1 The ffollowing safety protection functions for the multifunctional manipulator shall be inspected:
a) lifting/lowering height protection:difting/lowering limit position protection for the lifting winch;

b) operatign stroke protection (dpplicable to the travelling multifunctional manipulator): when it
travels fo both ends, the hydtraulic power shall be automatically cut off;

¢) maximym/minimum boem range limit protection: the luffing cylinder shall have the limit pogition
protectjon at the limit'stroke end;

d) slewing angle protection (applicable to the multifunctional manipulator with the slewing angle
limit) and soundand light alarm: when slewing to the limit angle, there is a slewing angle limif and
audible jand(visual alarm;

b ff | d i £ 3 L 1: lletaitloa i 11: les £ 43 1 H 1ot 1o ff
e urier aneaena STUP PTUTCLTUIT T apPp PITC aUuTC tO UHICT T AVETITI TS TITUTUTUITC TTOTIAT T ATITPUTAtUT 7. UIT urier

shall be provided at the end;

f) emergency stop and sound and light alarm.

6.4.2 Lifting weight protection shall meet the following requirements:

a) when the actual lifting weight exceeds 95 % of rated lifting weight, the system shall send an audible
and visual alarm signal;

b) when the actual lifting weight is between 100 % and 110 % of the rated lifting weight, the lifting
weight limiter shall function and now the lifting power source shall be automatically cut off but the
goods shall be allowed for lowering motion.
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