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Introduction

BELIMO DIRECT COUPLED ACTUATORS 
We invented the concept and perfected the methods.

Belimo direct coupled actuators were designed to minimize installation cost by what has
come to be known as the “Belimo” concept.  This concept of directly coupling to the damper
shaft was invented in 1975 and was the first of many innovations to make electronic damper
actuation the easiest and most reliable method to control airflow in HVAC systems.

Because of the wide range of damper types and installation methods, many accessory
products have been developed to make the use of these actuators even more versatile.
The Belimo actuator can be used for virtually any new or retrofit application.   This means
that you can have all of the advantages of the industry’s highest quality actuator available
for your next job:

• Easy installation - usually in under 10 minutes
• 2 year warranty starting from the installation date
• Overload proof - motor cannot burn out
• UL and CSA listed
• NEMA housings  (NEMA 1 - AF and NF Series; NEMA 2 - NM, SM and GM Series)

• Manual override disengages gears (except AF, NF models)
• ISO 9001 Quality Assurance - the highest level of quality recognition
• Proven average failure rate of less than 0.3%

This book is a collection of actuator-damper installations showing common, and
some not-so-common, applications which have been used on real installations.  No
two jobs are ever alike and it is impossible to give an exact solution in this book for all
applications.

You will notice that we have tried to minimize the written instructions associated to the appli-
cations shown.  The intent of this book is not to provide a text book, but a collection of use-
ful ideas.  The drawings shown here are meant to inspire your own imagination for your particular application.  Future product devel-
opments may further simplify mounting applications shown in this publication.  Check with your local distributor or your local Belimo
Area Sales Manager to see that you always have the most up-to-date copy of this publication.

We sincerely hope the information in the following pages will make your jobs easier and more profitable.  If you have any comments
or new applications that you would wish to share with us and your fellow workers in the industry, we would welcome your contribu-
tions.
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Section 1 - mounting hardware

Fig. 1.1  Anti-rotation strap (standard)

Fig. 1.2  Anti-rotation strap shown mounted on an angle

Fig. 1.3  AV10-18 Universal shaft extension - for situations
where the shaft may be too short to reach the actuator.

Fig. 1.4  Modification of the antirotation strap

Anti-rotation strap
(supplied with actuator)

AV 10-18
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1. Remove the nuts on
the V-bolt and install
the ZDB to the clamp
assembly, with the
clamp indicator in the
0 position.

2. Remove the clip which
holds the clamp
assembly to the actu-
ator.  

3. Pull out the clamp and rotate it
to the number of graduations you
would like to limit the rotations by.
Each graduation is approximately 9°.

4. Reinstall the clamp assem-
bly and mount the
actuator as normal.

1. Disengage gears with manual release
button and turn clamp indicator
to the 0 position.

2. Remove the retaining clip which
holds the clamp and pull out clamp.  

3. Locate ZDB-GM at the desired
graduation.  Each graduation is
approximately 10°.

4. Reinstall the clamp assembly and
mount the actuator as normal.

5

Section 1 - mounting hardware

Fig. 1.7  ZDB Angle of rotation limiter - used on the SM
an GM actuators to limit the angle of rotation to less than 90°

Fig. 1.8  KH.. Universal crank arm - shown with various
available ball joints

Fig. 1.6  Mounting brackets - for use when direct coupling
is impossible.

ZDB

SM type actuator

GM type actuator

ZDB

ZDB-GM

KG-8 ball joint

KG6 or KG10 
ball joint

ZG-100

ZG-104

ZG-106 ZG-107
ZG-108

ZG-105

ZG-101

ZG-103

ZG-102 for multiple
actuator mounting

Universal mounting clamp
makes installation easy

Position indicator

Manual  override button

Rotation reversing switch

Anti-rotation strap
(supplied with actuator)

Universal mounting clamp
makes installation easy

Position indicator

Override crank (AF only)

Rotation Switch 
(. . .-SR only)

Anti-rotation strap
(supplied with actuator)

Fig. 1.5  Identifying the major components of Belimo
direct coupled actuators

KH6 or KH8 crank arm

The KH6 and KH8 crank
arm can be used on a 3/8"
to 1/2" square or 3/8" to
11/16" diameter shaft.

®

NON-SPRING RETURN

SPRING RETURN
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Section 1 - mounting hardware
Linkage kits

Fig. 1.12  ZG-AF Damper linkage kit   Kit contains: 
➀ 1 crankarm with retaining clip, ➁ 2 standoff brackets, 
➂ 4 mounting feet, ➃ 2 bolts w/ nuts, ➄ 2 ball joints

Fig. 1.11  ZG-SM2/ZG-GM2 Damper linkage kit

Fig. 1.9 ZDB-AF2 Angle of Rotation Limiter with K4 (-1)
clamp for standard shaft mounting using AF/NF actuators. 

AF…, NF… type actuators

GM. . type actuator

SM. . type actuator

Top of actuator

Front of
actuator

Rear of actuator

Damper Linkage Kit ZG-..
The damper linkage kits ZG-SM2, ZG-GM2 and ZG-SF  are
used with the SM 2. . ., FM 2. . ., GM 2. . ., and SF 2 . . .
direct coupled actuators where a direct coupling of the
motor to the damper shaft is not possible.

➀ – front fixing attachment
➁ – rear fixing attachment
➂ – crank arm

Assembly
– Screw front ➀ and rear ➁ attachment onto actuator base

plate.

– Remove the V-bolt.

– Mount the actuator crank arm.

– Mount actuator with 3 screws on a rigid base in a suitable
position.  A clearance of 3/8 [10 mm] between the actua-
tor and mounting surface as well as the 3-point fixing
arrangement will ensure proper installation even on
uneven mounting surfaces.

– Mount damper linkage and adjust ball joints.

➃ (not shown)
– 2 ball joints 
– 2 bolts, M 6 x 16
– 7 sheet metal screws

➀

➀

➁

➁

➂

➂

➃

➄
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Fig 1.10  ZDB-AF2 Angle of Rotation Limiter with IND-2
indicator for short shaft mounting using AF/NF actuators.

IND-2

ZDB-AF2

K4 (-1)

ZDB-AF2
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Section 1 - mounting hardware
Jack shaft adaptor,  Weather shield, Actuator operator handle

Fig. 1.16   ZG-JSA - … Jack shaft adaptor.  See page 10
for mounting instructions.

Fig. 1.18   ZS-300 Type 304 stainless steel housing for
the toughest environments.  NEMA 4X rating.

Fig. 1.17   ZS200/250 Explosion-proof housing and 
ZG-109/ZG-110 available mounting brackets.

Fig. 1.13   ZG-NM4 Mounting bracket assembly for the
NM2 . . actuators

®

ZG-109
Mounting
bracket for
ZS-200/250
housing.

SM…

GM…

AF…

FM…

Detail of 
Mounting Pan

Drive Shaft

A model AF/NF… actuator is shown.  The procedure 
is similar for models SM…, GM… and FM….

Drive Shaft

Back

ZS-200
Shaft Thru Front

Conduit Holes 
3/4-14 NPT (2)

Anti-Rotation Strap

Pan

Cover Bolt (18)

Front

ZS-250
Shaft Thru Back

Cover Bolt (18)

Conduit Holes 
3/4-14 NPT (2)

Anti-Rotation Strap

Pan

1

2

3

4

5

1

2

3

4

5

SM
GM

AF/NF
FM/SF

Anti-Rotation Strap Mounting Locations

1

2

3

4

5
6

Inner plate, 
see detail below.

Swivel clamps (6)

Duct

ZG-110
Mounting

bracket for
ZS-200/250

housing.

Fig. 1.14  ZS-100 Weather Shield

Fig. 1.15  ZS-150 Tinted polycarbonate weather shield

Installation
The ZS-100 weather shield is sup-
plied disassembled. Supplying it in
this manner makes it applicable to
a wider range of field applications.
It may be assembled with 2 sides,
2 ends and the cover to complete-
ly conceal the actuator. A hole
punch can be used to provide a
hole to mount a wire conduit. A
foam gasket is also provided to
achieve a better seal between the
cover and sides or from the base
to the mounting surface.
If desired, a side or end can be deleted
from the assembly to provide easy access
from the bottom of the enclosure.
If a more weather tight installation is required, 
a silicon sealer may be used on all seams. 

Installation
The ZS-150 weather shield is supplied as a one piece
enclosure.  Two 7/8 inch wiring holes are pre-drilled to
allow easy connections of conduit to the housing.  If
connections must be made to a different spot on the
enclosure or only one hole is required, two plastic
plugs are provided to seal the holes.  A foam gasket is
also provided to achieve a better seal between the
base of the enclosure to the mounting surface.

Ductwork

ZS-100 Weather Shield

Actuator

Damper 
Vanes
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Section 2 - direct coupled applications
Direct coupled mounting

Fig. 2.1  Fail-safe clockwise (CW) to open position
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Fig. 2.3  Fail-safe clockwise (CW) to closed position
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Fig. 2.2  Fail-safe counterclockwise (CCW) to open posi-
tion
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Fig. 2.4  Fail-safe counterclockwise (CCW) to closed
position
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The four illustrations below show spring return actuator mounting orientation for a fail-safe position damper.

NOTE: Arrow shows
direction of rotation for
fail-safe operation.

NOTE: Arrow shows
direction of rotation for
fail-safe operation.

NOTE: Arrow shows
direction of rotation for
fail-safe operation.

NOTE: Arrow shows
direction of rotation for
fail-safe operation.
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Section 2 - direct coupled applications
Direct coupled mounting

Fig. 2.5  Standard direct coupled mounting

Fig. 2.7  Belimo actuators mount in any position

Fig. 2.9  Direct coupled mounting of 2 actuators in close
quarters

Fig. 2.8  Direct coupled mounting, fastened directly to
duct work

Mount 1 facing up
and the other fac-
ing down

Fig. 2.6  Universal Mounting Clamp - Note that the clamp is
most often mounted on the front of the actuator body, but may
be moved to the back of the actuator for short-shaft installations.

Universal Clamp -  may be moved
to the backside of the actuator
for short shaft installations.

For short shaft mount-
ing, position clamp to

allow access to nuts for
tightening.

circlip

retaining clip

Mounting the actuator
to a short shaft

AF, NF
types
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Section 2 - direct coupled applications
Direct coupled mounting

Fig. 2.10  Direct coupled to angular ductwork using  an
AV 10-18 shaft extension and a bracket which can be fabri-
cated in the field.

Fig. 2.12  Multiple actuator mounting using the fully
adjustable ZG-102 multiple actuator mounting bracket

Fig. 2.13  Multiple Actuator Mounting of AF, NF Series
actuators.  If the damper shaft is too short to extend out of
the outer actuator, the short shaft mounting method (see
Fig. 2.6) may be used.

Fig. 2.11  Field fabricated mounting plate used to attach
actuator to exposed damper frame.  Use this method
when there is not enough clearance from wall to mount  the
actuator in the standard configuration.

AV 10-18  Shaft extension

bracket made in the
field

ZG-102 Multiple actuator mount-
ing bracket

16 Ga. field-fabricated
mounting plate
attached to exposed
damper frame.

SPRING RETURN
AF…, NF… TYPE
ACTUATOR.

2 1/2” min.

Damper
mounted in
wall
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Section 2 - direct coupled applications
Direct coupled mounting for multiple dampers

Fig. 2.14  Multiple dampers direct connected to one
actuator with linkage to operate the other damper.

Fig. 2.15  Multiple stacked dampers connected to one
actuator with linkage 

Fig. 2.16  Controlling multiple-section damper 
assemblies

Mounting the crankarm
between the actuator
and the damper allows for
direct coupled mounting
to shaft as well as use of
linkage for second
damper 

KH-8
Crankarm

AF/NF actuator with
KH-AF Crankarm

A combination of Standard K4 clamp to
secure actuator and KH8 Crankarm for
easy adjustment of linkage is an alternative
to using the set-up above.

KH8 CrankarmStandard K4 Universal Clamp

AF/NF Actuator

KH8 Crankarm

KH8 Crankarm

Note: 
Place crankarm as close as
possible to K4 clamp.

®

K4 Clamp

KH-AF Crankarm

KG-8 Ball Joint

KG-8 Ball Joint

KH-AFV  V-Bolt  Kit
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A.

B.

C.

In this scenario, if one damper section 
fails, the entire section locks up.

Note: AF modulating series - maximum two actuators on one shaft.

Separate shafts more reliable.
Still requires additional linkage, 
and still allow ball joint hysteresis.

One damper, one actuator.
Direct coupled for low hysteresis.  
Lower cost dampers and no jackshaft cost.
Actuators are out of airstream.

C2
01

04
  5

 4
 3

 2
 1

  0
7/

00
-5

M
-IG

-S
ub

je
ct

 to
 c

ha
ng

e.
 ©

 B
el

im
o 

Ai
rc

on
tro

ls
 (U

SA
), 

In
c.



12

Section 2 - direct coupled applications
Direct coupled mounting of actuators to dampers with jackshafts

Fig. 2.17  Actuator direct coupled to a jackshaft

Fig. 2.18  Actuator mounted to ductwork and direct cou-
pled to a jackshaft. 

Fig. 2.20 Multiple dampers connected to multiple actua-
tors using linkage.  (For 2-position AF actuators only)

Fig. 2.19 Multiple actuators direct coupled to a jackshaft

Because of the
increased torque gen-

erated by two actuators,
EMT or similar tubing is preferred

here. Secure tubing with 1/4: machine
screws with nylon insert hex lock nuts.   

If  the jackshaft diameter is
larger than the actuator will
accept, use either Belimo’s
JSA jack shaft adaptor or
EMT tubing .

This mounting method
spreads the torque load
over 2 damper shafts and
allow for meeting interme-
diate torque requirements
easilyl.

ZG-102
Multiple actua-
tor mounting 
bracket

Note:
AF and NF actuators will
direct mount to jackshafts
up to 1.05” diameter.

K4-1
Clamp

ZG-102
Multiple actu-
ator mounting 
bracket
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Section 2 - direct coupled applications
Direct coupled mounting of actuators to dampers with jackshafts inside ductwork

Fig. 2.22  Multiple actuators mounted to the same jackshaft

Fig. 2.21 Jackshaft inside ductwork

# ZG-JSA -. . . JACKSHAFT ADAPTOR

There are two simple solutions:

1.  For a 13/16" I.D. jackshaft, slide a length of 1/2" EMT
into jackshaft as indicated above, and secure by
through-bolting with 1/4"-20 machine screws.  For jack-
shafts that have a larger I.D., use EMT or similar tubing
with a maximum I.D. difference of no more than 1/16".
Be sure to use a nylon insert hex lock nut to keep bolts
from working loose.  Next, secure the Belimo direct cou-
pled actuator in the usual fashion to the EMT and the
ductwork.

2.  Instead of the time-consuming method above, many
installers prefer to use Belimo’s ZG-JSA-. locking
shaft adaptor.  It is easily placed into the jackshaft, and
tightened to expand against the inner shaft.  Then the
actuator is secured as usual.  

The ZG-JSA jack shaft adaptors are designed to be
inserted into hollow jack shafts which have an outside
diameter greater than 3/4 inch and provide a 3/4 inch
shaft for mounting Belimo actuators.

Installation
1. Insert the ZG-JSA into the jack shaft.  
2. Tighten the tension nut on the ZG-JSA to expand the

holding wedge section, fixing the adaptor to the jack shaft.
3. Mount the specified actuator to the 3/4 inch section of

the adaptor.
(See data sheet for more information before installing)

Belimo ZG-JSA-.
Jack Shaft Adaptor

Use either EMT or similar tubing with a jackshaft I.D. clearance of no more
than 1/16" or use the Belimo jackshaft adaptor instead.

Actuator

ZG-JSA- Jack
Shaft Adaptor

Jack Shaft
Hole in duct to
expose jackshaft

Damper
Anti-Rotation Strap

Duct

Duct

Damper mounted
inside duct

Access 
hatch If  the jackshaft diameter is  larger than the

actuator will accept, use either Belimo’s
JSA jack shaft adaptor or EMT tubing .

Before mounting, check for clerance between the damper
blade, in the full open position, and the actuator.

An independent actuator per section is the best  way to
drive this type of damper assembly.
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Section 2 - direct coupled applications
VAV applications (LM)

®

Fig. 2.23  LM type actuator mounted on a round damper.

Fig. 2.24  LM type actuator mounted on typical VAV box.

LM… actuator

circuit board cover (removed)

LM…
actuator LM…

actuator

Mount on ductwork
or VAV box.

Fig. 2.27  LM type actuator mounted on a VAV  dual duct
mixing box.

LM… actuator

LM… actuator

Fig. 2.28  LM type actuator mounted in VAV box, replac-
ing rack and pinion type actuator.

Rack and pinion type actuator replaced by
direct coupled LM.

Replacement LM24 
compatible with existing
control system.

Fig. 2.25  LM type actuator mounted on VAV  By-Pass
box, replacing pneumatic type.

Replacement Belimo actuator (LM type) direct couples
to By-Pass damper shaft.

Existing pneumatic 
actuator requires linkage.

Fig. 2.26 LM-ZH Linear Movement Accessory for LM
type actuators.

LM-ZH
linear movement
accessory for LM…
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Section 2 - direct coupled applications
How to make a damper airtight

1. Turn damper blades to their fully closed position.  If shaft rotates clockwise,
mount actuator with “R” facing out. (CCW, “L” faces out.)

2. Slide the actuator onto the damper shaft and tighten the nuts on the universal
clamp, only finger-tight.

3. Position the anti-rotation strap so that is engages the notch at the bottom of the
actuator.  Secure only one side to the ductwork with self-tapping screws.  Swing
one side of the strap out from under the actuator.

4. With damper blades still closed, rotate the actuator 5° from the end position.
tighten nuts on the universal clamp with 10 mm wrench.

5.  Rotate the actuator back to the end position, fully compressing the damper
seals.

6. Swing anti-rotation strap up and engage the notch on the bottom of the actua-
tor.  Secure remaining side to ductwork with self-tapping screw.

1. Turn damper blades to their fully closed position.  If shaft rotates clockwise,
mount actuator with “R” facing out. (CCW, “L” faces out.)

2. Slide the actuator onto the damper shaft and tighten the nuts on the universal
clamp.  Position indicator should read 0°, as it does when shipped (5° from full
fail safe, -5°).

3. Position the anti-rotation strap so that is engages the notch at the bottom of the
actuator.  Secure to ductwork with self-tapping screws.

4. The actuator will automatically provide tight compression against damper seals,
driving from 0° (blades closed by hand) to full fail safe of max. -5° (tight damper
seal compression) when…

a) …power is applied to the actuator, or…
b) … the manual overrride is released with the supplied hand crank 

(1/4 turn left).

Fig. 2.29  

Fig. 2.30  

Fig. 2.31

For Series GM, SM, NM Actuators 
Without Spring Return,
(Series NM model shown...others are similar)

For NF Series Spring Return Actuators

For AF Series Spring Return Actuators - 
Manual Override / Automatic Airtight Dampers
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Turn damper blades to their
fully closed position.

With manual override button
depressed, rotate actuator
clamp to 5° from end position.

Slide actuator over shaft and
mount anti-rotation strap.

Tighten nuts on universal
mounting clamp.  Actuator will
now compress damper blades
when reaching end position.

1 2

3 4

Anti-
rotation 

strap

Universal
mounting

clamp
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Section 3 - non-direct coupled applications
Using universal mounting brackets with linkage

Fig. 3.3  Attached to ductwork.  Operated by linkage.

Fig. 3.2  Universal mounting bracket is attached to
damper assembly.  

Fig. 3.1  Actuator connected to 2 dampers that share the
same shaft.

Fig. 3.4  Using the ZG-DC2 bracket with the AF…,NF…
type actuators

Note:  If 2 dampers are
to be operated from a
single actuator, torque
distribution is optimized
when the crankarm is
positioned between the
dampers as illustrated
above.

Coupling

ZG-DC1
bracket

ZG-DC2
bracket

ZG-106 or
ZG-107

DC1
Damper Clip

ZG-AF
Linkage Kit
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Section 3 - non-direct coupled applications
Using universal mounting brackets with linkage

Fig. 3.6  Using the ZG-106, ZG-107 Universal mounting
bracket

Fig. 3.5  AF or NF Series actuator mounted in the
airstream using linkage using ZG-AF  Crankarm Adaptor
Kit

Fig. 3.7   Using the ZG-108 Universal mounting bracket
with AF/NF actuators

Fig. 3.8  ZG-108 Universal mounting bracket.  Here it is
attached to a field-fabricated 16 ga. angle iron or plate.

ZG-108

For retrofit of new installa-
tion, pre-punched hole 
patterns place AF/NF
crankarm (KH-AF) in same
relative position as
crankarm of Honeywell Mod
III and Johnson Controls
linkage-type actuators.
Allows mounting actuator
in horizontal or vertical 
orientation.

For retrofit of new
installation, pre-punched
hole patterns place
AF/NF crankarm 
(KH-AF) in same relative
position as crankarm of
Honeywell Mod III and
Johnson Controls link-
age-type actuators.
Allows mounting actua-
tor in horizontal or verti-
cal orientation.

AF/NF Actuator

AF/NF Actuator
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Section 3 - non-direct coupled applications
Using universal mounting brackets with linkage

Fig. 3.10  Actuator is mounted on universal mounting
bracket or field-fabricated plate

Fig. 3.12  Different ideas for attachment to walls. 

Fig. 3.11  Universal mounting bracket.  Use linkage for
connecting actuator to damper louvers. 

Fig. 3.9  For added torque, mount 2 actuators back-to-
back on a universal mounting bracket or field-fabricated
plate. Use EMT tubing as a common shaft.

Wall mounting

Connect to
jackshaft or
standard shaft
with linkage.

Cut an appropriately sized hole through the
mounting bracket to accommodate the
common shaft.  Attach actuators with
machine screws, washers and locknuts.

ZG-104

ZG-101

ZG-AF

ZG-AF

ZG-100
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Section 3 - non-direct coupled applications
Using universal mounting brackets with linkage

Fig. 3.15  Actuator mounted on a field-fabricated 16 ga.
plate to control a cone-type VAV damperFig. 3.13  Universal mounting bracket or a field-fabricat-

ed 16 ga. angle iron or plate.  Used when there is little
clearance between the damper shaft and the wall.

Fig. 3.14  Use this method when there is little clearance
between the damper shaft and the wall.

Damper is mounted through a wall
with control shaft exposed, but
space too tight to direct couple.

KH-8 Crankarm - final
position must be vertical
when damper is fully
open.

Mount actuator at
a 45° angle to
allow for full 90°
crankarm rotation.

ZG-NM3

ZG-105

NM24…

ZG-NM4

NM24…

NM24…
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Section 3 - non-direct coupled applications
non-direct mounting to jackshafts

Fig. 3.20  Multiple actuator mounting.  Universal mounting
bracket is used to mount actuators.  Connect actuators with
linkage kits.  This method allows you to easily meet higher
torque requirements by simply increasing the number of
actuators used.

Fig. 3.18  Actuator mounted to adjacent wall.  Common
channel iron is used here which allows for spacing the actuator
away from wall.  Connect actuator to jackshaft with linkage kit.

Fig. 3.17  Actuator mounted to ductwork.  For larger actu-
ators such as the GM… series, an added 18-20 ga. base
plate for reinforcement is recommended. Connect actuator
to jackshaft with linkage kit.

Fig. 3.19 Universal mounting bracket used to mount
actuator to ductwork.  Connect to jackshaft with linkage kit.

Fig. 3.16  Actuator is mounted to damper assembly. 
Connect to jackshaft with linkage kit.  

Existing crank arm
as supplied by
damper manufac-
turer

For added
strength, use an
18-20 ga. steel
base plate,
secured with
sheet metal
screws.

ZG-108

ZG-101

Note: The full 90° travel of the
actuators must be used.
Otherwise, the high force pro-
duced may damage the damper.

Additional holes
have been drilled in
a ZG-101 bracket
to allow mounting
of the actuator.

3/8” diameter rods
must be used.

Jackshaft
larger than
3/4 inch O.D.
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Section 3 - non-direct coupled applications
mounting to inlet vanes

Fig. 3.23  Actuator is mounted to a universal mounting
bracket or field-fabricated bracket. Connect to inlet
vanes with linkage.   

Fig. 3.24  Actuator is mounted to a universal mounting
bracket or field-fabricated bracket. Connect to inlet
vanes with linkage.   

Fig. 3.21  Actuator is mounted to framework. Connect to
inlet vanes with linkage.   A second actuator may be mount-
ed on the opposite side of the frame as needed.

Fig. 3.22  Actuator is mounted to ductwork. Connect to
inlet vanes with linkage.  

Actuator 1 is mounted to  vor-
tex frame. and direct coupled
to linkage shaft.

2nd actuator if needed

Linkage is part of
inlet vane assem-
bly supplied by
manufacturer.

ZG-104

ZG-104

Clamp mounted under
actuator for short shaft
mounting
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Section 4 - retrofit applications
Replacing existing actuators

Fig. 4.1  Different  methods of using the universal mounting bracket to mount Belimo actuators in place of existing, less
adequate actuators.

SM24

ZG-105
ZG-105NM24

NM24

AF…
NF…

GM24

ZG-103

ZG-104

ZG-104

ZG-106 ZG-107 ZG-107

ZG-108 ZG-108

SM24

GM24

AF…
NF…

AF…
NF…

AF…
NF…

AF…
NF…
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Section 5 - conduit connections
Tips for hook-up

Fig. 5.1    Standard electrical configuration Fig. 5.3    Connecting directly to junction box

Fig. 5.2   Spring Return Actuator -standard electrical con-
figuration

Fig. 5.4   Spring Return Actuator - connected directly to
junction box

Drip Legs!

Incorporate drip
legs whenever
actuator in
mounted upside
down to prevent
moisture from
running dow flex
and into 
actuator.

Be sure stud of anti-
rotation strap is
positioned so that
actuator doesn’t fall
off as it rotates
from 0° to 90°.  Test
this with manual
crank or gear
release.

Flexible
Conduit

®

NOTE: Always use flexible counduit at the actuator.
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GENERAL INFORMATION

The direct coupled method of mounting an actuator to a
damper should be used whenever possible. It is the most
effective way to mount an actuator from a time, required
space, and force transmission stand point. However, there are
some applications where a linkage must be used along with, or
in place of, the direct coupled method.  

When using any linkage setup, it is important that the proper
geometry be used. If the geometry is not correct, several prob-
lems can occur. Some of which are: a risk of binding, incorrect
rotation at the damper, the full available torque may not be uti-
lized, or excessive wear to the linkage parts or actuator .  

It is possible to arrange the linkage in such a way that special
functions can be provided. For example, the torque provided to
the damper can be modified so that less torque is provided in
the open position of a damper, but more torque would be avail-
able for tight close off. The speed of rotation can be changed.
The angle of damper rotation can be limited.  

General Guidelines  

1. The ball joints should be placed as close to the end of the
crank arm as possible. This will minimize the forces acting
on the linkage parts and reduce any hysteresis in the link-
age assembly.  See figure 6.1.       

2. The distance from the center of rotation of the crank arm to
the ball joint should be the same for both crank arms.  This
provides uniform rotation at both crank arms.  See figure 1.  

3. The push rod and crank arms should be set up so the crank
arms on both the actuator and damper rotate 45 degrees
from a line perpendicular from the rod to the center of    the
crank arm rotation.  This provides a balanced torque load to
the damper and minimizes any chance of the linkage bind-
ing. See figure 6.2.         

4. Always use the full rotation of the actuator. If the damper
rotation is complete and the actuator is still rotating, the
linkage may bind up.  

5. Always check the operation of the linkage assembly to make
sure it operates the damper properly between the fully open
and fully closed damper position.   

Technical Information  

The definition of torque is that it is a turning force. When talk-
ing about torque from an engineering standpoint we talk about
a force (F), acting on the length of an arm (L), producing a
turning force (T) given in a unit which incorporates both a unit
of length and force in its description. Looking at this as an
equation we would have:       

T = L x F ; where in common applications L
would be  in inches, F would be in pounds,
and T would be shown as inch-pounds or
pound-inches  

Figure 6.3 shows a crank arm with a length between the pivot
point to the ball joint attachment of 4 inches. At the ball joint it
shows we are applying a force of 25 pounds. The resulting
torque would be 100 in-lb.

T = L x F  = 4 in x  25 lb = 100 in-lb  

When using this equation with actuators it is more common to
see it in the following forms:

F = T / L    or   L = T / F  

The rating of most electronic actuators is given in torque and it
is usually required to find either the force from the crank arm or
the length of the crank arm for the application. In figure 6.3, if
we said the actuator had a torque of 100 in-lb, and needed a
force of 25 lb, we would need a 4 inch crank arm.               

L = T / F = 100 in-lb / 25 lb = 4 in  

Unfortunately, the equation T = L x F is only correct when the
force acts upon the crank arm at a 90° angle. At any angle
other than 90° the resultant torque or force is dependent on
the crank arm effective radius. The effective radius (R), shown
in figure 6.4, is the distance between the point on the push rod
which is perpendicular to the center of rotation of the crank
arm and the center of rotation. 
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Section 6 - Damper linkages
Important information

45°

F = 25 lb.

Fig. 6.2

L = 4 in.

Fig. 6.3

A BA=B

Fig. 6.1

90°
90°
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We now have to substitute the effective radius (R) in place of
the crank arm length (L) in the torque equation.               

T = R x F  or  F = T / R

Note: R has its greatest value at the point
where the crank arm is perpendicular to the
push rod. At this point R equals L.  

Figure 6.4 shows the same torque and crank arm as figure 6.3;
however, the crank arm is now not perpendicular to the push
rod. At this point in the crank arm rotation we show an R of 2
inches. With the output torque of 100 in-lb, the resulting force
at this point is 50 lb.           

F = T / R = 100 in-lb / 2 in. = 50 lb 

As the effective radius (R) changes during the crank arm rota-
tion, the relationship between torque, force, and even rotation-
al speed changes.  By analyzing the crank arm orientation
between the actuator and damper, special set ups can be
made to optimize certain damper applications.   

SPECIAL APPLICATIONS  

High Close Off Torque  

Low leakage dampers with blade seals require a greater close-
off torque than the normal operating torque. By setting up the
linkage correctly, the torque provided to the damper at close-
off can be multiplied.          

Figure 6.5 shows a linkage arrangement where, when the
damper is in the closed position, the angle between the actua-
tor crank arm and push rod is relatively large. This angle
makes the resulting effective radius at the actuator (Ra) small;
this in turn causes a higher force to act on the push rod. When
the damper is at close-off, the damper crank arm is adjusted
so it is at an angle creating a relatively large effective radius
(Rd) at the damper. The large force from the push rod is multi-
plied by the effective radius (Rd) at the damper and the result
is a higher torque at the close off position.   The torque from

the actuator is actually multiplied at this point by a factor M
which is equal to Rd/Ra.                  

M = Rd / Ra  

One important thing to remember is that at the opposite end of
rotation the torque can be reduced to a point where minor
binding or friction could lock up the damper.  

Faster Response Time At Damper  

Figure 6.6 shows an application where the actuator crank arm
is approximately twice as long as the damper crank arm. This
results in a rotation at the damper shaft of 90° with only 45° of
rotation at the actuator. Using only 45° of the actuator’s rota-
tion gives the advantage of the damper operating at twice the
actuator’s normal speed. A draw back is that the actuator
torque is cut in half. It is recommended that the actuator be
limited to only 45° of rotation either mechanically (preferred) or
electrically. If this is not done, it is possible that the linkage or
the damper may be damaged as the actuator continues to
rotate. 

Limiting Damper Rotation

Fig 6.7 shows an application where we are limiting the degree
of rotation while still using the full 90° rotation of the actuator.
The crank arm shown of the actuator is shorter than the arm
on the damper.  Because of the smaller arc produced at the
actuator arm, the push rod travel cannot rotate the damper
arm through a full 90° rotation.

General Comments

The use of a linkage assembly can be advantageous if a solu-
tion to a special need is required.  However, great care must
be taken in planning the linkage geometry.  Any change made
to the linkage has an effect on more than one condition.  As an
example, if you adjust the linkage for more torque, you will at
the same time effect the damper rotational speed and the
angle of the damper rotation.  In any special application it is
necessary  to use a trial-and-error, back-and-forth method to
set the required parameters.  This can be a very time consum-
ing process, but it should be done.
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Section 6 - Damper linkages
Important information

F = 50 lb.

L=4 in.

R = 2 in.

Fig. 6.4

90°

Damper ActuatorFig. 6.6

45°

closed open

90°

Damper ActuatorFig. 6.7

60°

closed open

Rd

Fig. 6.5
Damper Actuator

Raclosed open
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Section 6 - Damper linkages
Applications using linkages

Fig. 6.8  Back-to-Back: The Easiest Method of
Increasing Break-away Torque
(1) is the start point; (3) is the end point.
Damper movement is slowest from positions (1) to (2) and
increases in speed to position (3).  For example:
If a 90 in-lb actuator is used, torque at position (1) is approx-
imately 180 in-lb while torque at position (3) is approximate-
ly 45 in-lb.  Thus, greatest torque is supplied where it is
needed most - at the beginning of the damper’s movement
to assure break-away from the side seals.

Fig. 6.9  Typical Parallel Crankarm Operation
Here, both crankarms remain parallel throughout the com-
plete arc of movement, ensuring consistent torque at all
times.  This is one of the most common methods of mount-
ing using linkage.

Fig. 6.10  Over-and-Under
Here, the crankarms are set in opposite directions.  This
method is used in situations where space is limited.

OPEN
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Notes/Work Pad®
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