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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 22109:2020(E)

Industrial valves — Gearbox for valves

1 Scope

This document provides basic requirements for gearboxes to operate industrial valves for manual and
automated on/off and modulating duties, this includes manual override gearboxes. It includes guidelines
for classification, design and methods for conformity assessment.

It do

Othe
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2 Normative references

The
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ISO §
ISO §
IEC 6
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— 1
— 1

3.1
gear
self-(
hand

3.2

Terms and definitions

Es not cover gear systems which are integral part in the design of valves and subsea g

r requirements or conditions of use different from those indicated in this dgcument
een the purchaser and the manufacturer or supplier (first party), prior to ptder.

following documents are referred to in the text in such a way<that some or all of t
[itutes requirements of this document. For dated references, 'only the edition cited
ted references, the latest edition of the referenced document (including any amendme

210, Industrial valves — Multi-turn valve actuator attachments
211, Industrial valves — Part-turn actuator attachments

0529, Degrees of protection provided by enclosttres (IP Code)

he purposes of this document, the'following terms and definitions apply.

nd IEC maintain terminological'databases for use in standardization at the following 3

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at http://www.electropedia.org/

box
ontained-gear unit for torque/thrust/speed/orientation change that can be manually
wheel/lever and/or automated with an actuator

arboxes.

are agreed

heir content
applies. For
hts) applies.

ddresses:

operated by

amb

ent temperature

temperature of the environment surrounding the gearbox (3.1)

3.3

end of travel
predefined position related to a fully open or a fully closed condition

3.4

end stop
mechanical device designed to stop the gearbox (3.1) drive train movement

3.5

endurance
lifetime without failure at specified conditions and tested by the type test
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indicating arrangement
device, externally visible, showing the position of the valve obturator

3.7

rated torque
classification defined by the gearbox (3.1) manufacturer used to define the maximum gearbox operating
torque capability

3.8

rated thrust

maximum t
or maximu
manufactur

[SOURCE: IS

4 C(Classit

4.1 Gene

Gearboxes 3
and 4.3.

4.2 Kind
There are tHh

manual
a handwv

automa
by an ad

manual
inputs. |
The sec
is engag

4.3 Kind
There are ty

part-tuj

Cl Y w, O vV vV UP

put

multi-turn out

st for

thru actuators, the actuator can withstand as stated\bj
br

0 22153:2020, 3.7]
fication

ral

re classified per kind for operation and rotation and/or lifiear movement as detailed i

of operation
ree kinds of operation:

gearbox designed for manual operation only, typically this has only one input, normal
rheel;

tuator for example according to'1SO 22153;

override: gearbox desigmed for overriding automated operation, typically this hag

[he primary input is normally an actuator. The secondary input is normally by a handw
bndary input is normally disengaged when the gearbox is being used in automated mod
ed when manual operation is required, e.g. on loss of power.

of rotation
Vo kinds‘ef'rotation:

n: gearbox which transmits torque to the valve for a rotation of less than one revoluti

acturer

y the

‘.-P

N

ly by

fed: gearbox designed for automated operation, typically this has only one input, normally

two
heel.
b and

n;

multi-tu
capable

5

5.1 Endu

TTIT gearbox WHICH tramnsSits torque for a rotation of at feast one revotution and m
of withstanding thrust to the valve.

Design requirements

rance

The basic design requirements for automated gearboxes duty classification are given in Table 1.

y be
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Table 1 — Automated duty classification

IS0 22109:2020(E)

Class Duty Definition

A On-off The gearbox is required to drive the valve through its entire travel
from the fully open position to the fully closed position or vice-versa.

B Inching/positioning | The gearbox is required to occasionally drive the valve to any position
(fully open, intermediate and fully closed).

C Modulating The gearbox is required to frequently drive the valve to any position
between fully open and fully closed.

D Continuous modulating | The gearbox is required to continuously drive the valve to any posi-
tion bhatwaan fully anan and fully clacad
tion-betweenfully-open-andfullyclosed:

The gearbox shall be designed to meet the endurance criteria defined in Table 2 or Tablel3.

If the gearbox is provided in an automated version or required for a future adbpmation, it shall be
designed to have a minimum endurance in accordance with Table 2 or Table 3.

Gearpoxes shall be type-tested in accordance with A.2 to A.5.

Table 2 — Part-turn gearboxes

Rpted torque? Manual Attomated
(Nm) On-off Class A and B on-off | Class C modulating | Class D dontinuous
(number of and inching/position-}{\\ (number of starts)°¢ modfulating
cycles)b ing (numbery| of starts)¢
(number of cycleg)®
Up to 125 500 10 000 1800000 10 0p0 000
126 -1 000 500 10:000 1200000 10 0p0 000
1001 -4 000 500 5000 500 000 5040000
4|001 - 32 000 300 2500 250000 T.B.Ad
Above 32 000 250 1000 T.B.Ad T.B.Ad

b

is ab
close|
(see 4
supp
¢
d 1

a  Based onISO 5211.

ne cycle consists of nominal 90%angular travel in both directions (i.e. 90° to open and 90° to close)
e to transmit 100 % of the rated torque for at least 4,5° at each end of travel or for at least 9° at either opened or
d position in both directions..The average load cannot be below 30 % of the rated torque for the remaining travel
Annex B). For angular trdye) other than 90°, the endurance is agreed between the purchaser and the mgnufacturer or
ier. During testing a deviation of +20 % and -5 % in load is accepted.

ne start consists/of amovement at least 1 % in either direction, with a load of at least 30 % of the rated forque.

.B.A. means to'beagreed between manufacturer/supplier and purchaser.

The gearbox

© IS0 2020 - All rights reserved
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Table 3 — Multi-turn gearboxes

Rated Max Manual Automated
torque® allowab:e On-off Class A and B on-off Class C Class D continuous
Nm thrust (number of and inching/posi- | modulating modulating
kN cycles)P tioning (number of (number of
(number of cycles)P starts)¢ starts)¢
Up to 100 <40 500 10 000 1800000 10 000 000
101 - 700 <150 500 10 000 1200000 10 000 000
701 -2 500 <325 250 5000 500 000 5000000
2501 - 10[000 <T 100 250 Z 500 250 000 ['BAT
Above 10 P00 >1 100 150 1000 T.B.Ad T.B,A.d

a  Basedon

b One cycle
transmit 100

load is accept

¢ One start

[SO 5210.

Db of the rated torque for at least 2,5 turns at the closed position in both directions. The,average load ¢
be below 30 % of the rated torque for the remaining travel (see Annex B). During testing a deviatieh of +20 % and -5
bd.

d  T.B.A. mepns to be agreed between manufacturer/supplier and purchaser.

consists of 25 turns in both directions (i.e. 25 turns to open and 25 turns to close). The(gearbox is a

consists of a movement at least 1 % in either direction, with a load of at least 30*%)of the rated torque.

ble to

nnot
% in

5.2 Strugtural integrity

The gearbox shall be capable of withstanding twice the input terque required for achieving the 1
output torqlie/thrust without failure of its external structure.

5.3 Self-l

The physicd
positions un
applied to tl

applications.

Braking, lo
components
within the s

In order to
solutions ca

5.4 Mech

5.4.1 Gen

pcking/braking

der all conditions, e.g. vibrations. If the position of the gearbox shall be stable with tor
e output, the gearbox and/or additional components might need to be designed for {

rking devices or assemblies might be integral parts of gearboxes and/or addit
provided by the supplier;to the customer/end-user, in order to secure any given poq
troke or cycle (in pagticular in the fully closed position).

provide better positioning, and limit overshooting of positions, active braking or
h be necessary.toincorporate into the gearbox and/or additional components.

anical ddvantage

eral

rated

1 concept of self-locking only applies«to particular gearbox designs and is not secliring

ques
hese

jonal
ition

ther

Mechanical advantage is the given ratio between the output and input torque. The mechanical advantage
is intended as a mean value measured at the rated torque. The mechanical advantage is considered

after an app

ropriated running in as per manufacturer's indication.

5.4.2 Manual gearboxes and manual override gearboxes

The mechanical advantages of manual gearboxes declared by the manufacturer shall be those that
occur at rated torque. A tolerance of +15 % shall be allowed for production units, for gearboxes other
than worm gearboxes the tolerance shall be +7,5 %.

When sizing a manual override gearbox, the torque needed by the valve and the torque required to

move the ac

tuator need to be taken into account.
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5.4.3 Automated gearboxes

The mechanical advantages of automated gearboxes declared by the manufacturer shall be those that
occur at rated torque. A tolerance of +10 % shall be allowed for production units, for gearboxes other

than

5.5

worm gearboxes the tolerance shall be £5 %.

Environmental conditions

5.5.1 General

5.5.3
The §

5.5.4

Gear]
The
acco]

Tablg
defin
resp

C and with a relative humidity 290 % (25 °C).

Altitude

rearbox shall be designed for operation at an altitude at least 1 000 mabove sea level.

Enclosure protection

rearbox shall have at least an enclosure protection type IP65 according to IEC 60529.

Corrosion protection

boxes shall be protected against corrosion by proper material selection and/or surfac
bearbox manufacturer’s technical documentation shall specify the corrosion protecti
‘ding to Table 4.

b 4 may be used to define the cortrésion category in order to help actuator manu

bnsibility of the manufacturer.

anufacturer

bearbox shall be designed for operation at ambient temperature in a range between -20 °C and

e treatment.
on category

facturers to

e the surface treatment for corresion protection. Test assessment and test procedyres are the

© ISO

2020 - All rights reserved


https://standardsiso.com/api/?name=0ff7fa71f259be38a32b18d6312ce9a8

IS0 22109:2020(E)

Table 4 — Categories

Corrosion category

Typical environments

Exterior

Interior

2 (low)

Atmospheres with low level of pollu-
tion, mostly rural areas

Unheated buildings where con-
densation may occur, e.g. depots,
sport halls.

C3 (medium)

Urban and industrial atmospheres,
moderate sulphur dioxide pollution and
coastal areas with low salinity

Production rooms with high hu-
midity and some air pollution, e.g.
food-processing plants, laundries,
breweries, dairies

C4 (high)

Industrial areas and coastal areas with
moderate salinity

Chemical plants, swimming pogls,

coastal ship and boatyards

C5 (very high

—

Industrial areas with high humidity
and aggressive atmosphere and coastal
areas with high salinity

Buildings or areas with almost
permanent condensation and wjith
high pollution.

CX (extreme

Offshore areas with high salinity, in-
dustrial areas with extreme humidity
and aggressive atmosphere, and sub-
tropical and tropical atmospheres.

Industrial areaswith extreme hu-
midity and aggressive atmosphlere.

Categories for water and soil

Category

Examples of environments and structures

Im 1 (immeysed in fresh water)

River installations, hydro-electric power plants

Im 2 (immersed in sea or brack-
ish water)

Immersed structures without cathodic protection (e.g. harbour areas with
structures like sluice gates, locks-or jetties)

Im 3 (soil)

Buried tanks, steel piles, steel pipes

Im 4 (immeysed in sea or brack-
ish water)

Immersed structures with cathodic protection (e.g. offshore structures)

NOTE Table

L is based on ISO 12944-2:2017. The gearbox!/corrosion protection can also be achieved by systems/me
which deviatd from those specified in ISO 12944-5.

hods

5.5.5 Vibration, shock and seismic conditions

Gearboxes qomplying with this do€ument are designed without any specific reference to vibrations,

shock and/dr seismic conditions(Tf exceptional severe vibration, shock and/or seismic conditions
to be considered, testing shall.b&)agreed between the manufacturer/supplier and the purchaser.

5.6 Gearbox attachment

5.6.1 Part-turngearboxes

The output

interface for part turn gearboxes shall comply with ISO 5211. The input interfac

+hL JCN Co1N

need

e for
ride

automated

Lall
dl I. Lul I1 sccu UUACD o11all \,Ullll)l_y VVlLll 10U J4 1V,

part-turn gearboxes shall comply with ISO 5211.

T £ £, 1
1I'IIC llll_lbll, lllLCl IdLUT 1UI I1Idliudl UVT

The output drive of part-turn gearboxes may be an integral part or an attached and removable
component, to allow it to be machined to suit the shaft of the valve when required. The material of the
drive component shall be clearly indicated in the manufacturer or supplier documentation.

5.6.2 Multi-turn gearboxes

The output interface for multi-turn gearboxes shall comply with ISO 5210. The input interface for
automated multi-turn gearboxes shall comply with ISO 5210.

© IS0 2020 - All rights reserved
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The output drive of multi-turn gearboxes may be an integral part or an attached and removable
component to allow it, when required, to be machined to suit the stem of the valve. The material of the
drive component shall clearly be indicated in the manufacturer or supplier documentation.

5.7

Primary closing direction

The primary closing direction shall be clockwise (CW) unless otherwise specified, as viewed from the
gearbox side of the attachment according to ISO 5210 or ISO 5211.

5.8

Other requirements

5.8.1
The

5.8.2

Part
obtu

5.8.3
Part;

posit
of trd

5.8.4

The
with

Manual operation

flosing and/or opening direction shall be clearly and permanently marked.

Position indicator for part-turn gearboxes

turn gearboxes shall be equipped with an indicating arrangement‘or device to cleaj
Fator position.

End stop for part-turn gearboxes

turn gearboxes shall be supplied with end stops for:both rotation directions (clog
ion). The closed position stop shall be independentlyradjustable (minimum adjustme
vel).

Gearing lubricant

lubricant provided for the gearbox shall meet endurance requirements as detaile
pbut loss of lubricant or replacing lubricant.

The method of lubrication (grease, oiland/or self-lubricating materials) shall be under the re

of th

e manufacturer and shall suit the specified ambient conditions and the operation of

whem mounted in any orientation;

5.8.5
The 1
the c
6
Whe

Noise

noise value of thé gearbox on its own shall not be greater than sound pressure levels of
ondition of noflgad running, using a noise dosimeter at al m distance faced to the gear

Dptional’ equipment

hspecified, the following options shall be fitted to the gearbox subject to agreement |

1At rnye a carnling o A b e haocar Tf+hn nntinne no b nopnctnd Alactsi o]l

N

ly show the

e and open
1t range +3°

d under 5.1

sponsibility
the gearbox

80 dB(A) in
box.

between the

man
ratin

B Pay
TaCTUTr T UT SUpPpPTICT ot oot pur Crrastr T caoc Op oS Calr ot ToTmmiCCtC O CIe CorTCarty, ¢

g shall be stated in the technical documentation.

a) A position indicator for multi-turn gearboxes.

e electrical

b) A position transmitter in order to enable continuous indication of the valve position at a remote

1

ocation. It may be analogue or digital type.

c) The limit switches in order to enable the indication on open/close and/or intermediate position of
the valve.

d) Fireproofing, i.e. a fire protection in order to insulate the gearbox from the heat of a fire for a
certain period.

e) Manuallock, i.e. a device that inhibits the manual operation of the gearbox.
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from a possible leakage from the valve.

f)

g)

h) Lubricat
i) Manual
j)

7 Type
7.1 Gene

The manufa

carryin

control

maintained.

The manuf
verification
correspondi

7.2 Type

The type teq
gearboxes t]

Type tests
gearboxes t{

To qualify a
manufactur
be carried o

when a
nomina
conside

The manufa
modified an

The type tes|

Drain plug, i.e. a plug suitable for water/condensate drainage.

ion system, i.e. a system suitable for oil/grease lubrication filling.

override switch in order to monitor the manual operation.

The valve coupling might be a separate part from the output drive of the gearbox.

Overpressure relief valve, i.e. a safety relief valve sized in order to avoid overpressure generated

nd production test

ral
cturer or supplier shall validate gearboxes according to this document by:

b out all the type tests (7.2 and Annex A) to ensure all criteria are met;

ing the production process (7.3) to ensure the required performarncedevels are continu

cturer or supplier shall ensure that all the requirementsof this document are met. |
of a requirement is necessary on a supplied product,.it'Shall be done by carrying ou
ng test.

tests

ts shall correspond to all requirements statéd in Clause 5. Type test shall be carried o
nat are representative of the current production.

results shall be recorded in a test-report, detailing the type, quantity and sizes o
psted and the test equipment and measuring devices used.

range of gearboxes, of the same design principle and of the same classification/designg
ed under the same process and from the same or equivalent materials, the type testsg
jut on a limited number ofirepresentative sizes by applying the following rule:

pearbox having a neminal output torque and/or thrust “x” is qualified, all gearboxes h{
output torques‘and/or thrust between 50 % x and 200 % x (i.e. between x/2 and 2 X
red qualified:

cturer shall'repeat affected type tests when the design or the production process have
d affectthe functional performances.

t shall be carried out by the manufacturer or supplier or by an independent body (third p4

busly

f the
t the

Lt on

f the

tion,
may

wving
) are

been

rty).

A full report of these tests shall be retained by the manufacturer or supplier as evidence of conformance.
The type tests to be performed shall be those given in Table 5.

7.3 Control of production process

The type and production tests given in Table 5 and Annex A are indications for manufacturer or supplier
in order to comply with the requirements of this document.
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Table 5 — Type and production tests

Item Requirement Clause Type tests Production tests
1 Design 5 See Clause 5. -
1.1 |Enclosure protection 5.5.3 Verify test reports of manufacturer. Random test
1.2 |Corrosion protection 5.54 Verify test reports of manufacturer. -
Marking 8 See Clause 8. Yes
Endurance 5.1 Endurance test -
3.1 |Structural integrity 5.2 Overload test -
3.7 —Mechanicatadvantage ra Meechanicatadvantage -
3.3 |Closing direction 5.7 Yes Yes
4 Output torques/thrusts — Validate manufacturer’s design values. —
5 ;Sr?;téggi(éitravel limit 5.8.3 Validate manufacturer’s design. Yes?
Position indicator 5.8.2 Validate manufacturer’s design. Yes
Documentation 9 See Clause 9. See Clause 9.

When specified.

8 Marking

8.1 | Mandatory markings

Each|gearbox shall be marked legibly and indelibly with the following permanent indications:

a) anufacturer/supplier’s name and/or tradeniark;

b) Iodel type and designation;

c) gearbox commission and/or serial humber and reference to year of manufacture
e.g. WW/YY or MM/YY);

d) gearbox rated torque (Nm]/thrust (kN);

e) ¢nclosure protection(TP-designation);

f) hazardous protection (when applicable);

g) 71eference to this document (i.e. ISO 22109);

h) o¢ther mandatory marks.

8.2 | Optional markings

Each gearbox may be marked legibly and indelibly with the following permanent indications:

a)
b)
‘)
d)
e)

ambient temperature range;

gearbox attachment designation (ISO 5210 or ISO 5211);
angular travel (for part-turn gearboxes only);

corrosion category (e.g. C2);

gearbox lubricant.
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9 Documentation

9.1 General

The language of the relevant documentation shall be agreed between the manufacturer/supplier and
the purchaser.

9.2 Mandatory documentation

The manufacturer/supplier shall provide the following:

a) transpo|rt and storage instructions;

b) installa

€¢) mandat
9.3 Optid

The manufa

a) detailed

b) itemize
c) listofrg
10 Packa;

Gearboxes {
packing shd
storage. As
product wit

Fion, commissioning, operating and maintenance instructions;

pry/contractor documentation.

nal documentation

cturer/supplier may provide the following:
overhaul instructions;

1 spare parts list;

commended spare parts.

s1ng

hall be packed and cushioned and/or, fixed in boxes in order to prevent movement
Il be suitable for the environmental and structural demands of shipment method

hin. The marking shall be indelible'and waterproof.

h minimum, the outside of the packaging shall be marked to identify the manufacturer

10

The
and
and
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Annex A
(normative)

Endurance test procedure

General

Gear

A2

boxes complying with this document shall be type-tested in agreement with A.2 to)A}

Test equipment

The test rig shall allow the attachment of the gearbox and shall be suitably desigred to allow t

of th
The {
a) 4
b) 3
c)

A.3
The

e gearbox. [t shall provide means of applying a measurable torque/thriust at the gearbox
est rig shall be equipped with the following calibrated devices, &s minimum:

in instrument for measuring the applied torque/thrust andthe operating stroke;

in operating cycle counter.

Test conditions

fest shall be conducted at room tempeérature (between 15 °C and 30 °C), under th

given in 5.5.

A4
The

A5
At th

The §
whic|

Test procedure

pperating cycle shall be specified by the manufacturer, in accordance with 5.1.

Acceptance eriteria
e end of the €est, results shall comply with the following criteria:

mechanical advantage along the stroke shall remain between 80 % and 120 % of the i
h aretconsidered after a proper break-in.

in instrument for measuring the input torque to be applied at the gearbox input in shaf

A3

he full travel
output.

o

b conditions

hitial values

© ISO
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11


https://standardsiso.com/api/?name=0ff7fa71f259be38a32b18d6312ce9a8

IS0 22109:2020(E)

B.1 Part-turn load profile

Annex B
(informative)

Load profiles

One cycle cgnsists of nominal 90° angular travel in both directions (i.e. 90° to open and 90° tp-¢lose).
The actuator shall be able to transmit 100 % of the rated torque for at least 4,5° at each end oftrave| [see
] or for at least 9° at either opened or closed position in both directions [see@iglire Bl b)].

Figure B.1 a
The averags

load shall not be below 30 % of the rated torque for the remaining travel.

90°

4,5°

4,5°

100 % —

30 % —

=30 % —

—

-100 %

4,57

4,5°

90°

Key
time

90°

90

—

YA
100 % —
30 %
3|
X
-30 % - 1
~100 %

90
90°
2
b)

torque
travel
cycle
open

AW N R < X

close
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Figure B.1 — Part-turn load profile
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