
3xHMB - 1.0
Spring Hydraulic Operating Mechanism

ABB is pleased to introduce the 3xHMB-1 spring-hydraulic 
mechanism arrangement for improved independent pole 
operation on new type PMI dead tank power circuit breakers 
rated 38 through 72.5 kV and 121 through 170 kV.

The mechanism augments superior interrupter design and 
synchronous control technology to achieve exceptional point-
on-wave switching performance.

Power circuit breakers equipped with gang-operated mechanisms 
close and open their three pole interrupter contacts simultaneously.  
This results in each pole switching randomly on its respective bus 
voltage wave.  However while serving highly capacitive or inductive 
loads, random-point switching may actually degrade power quality 
due to the generation of potentially damaging voltage and current 
transients.  The severity of the transients largely depends where on 
the voltage waves that the pole contacts switch.

Energizing a capacitor bank, for example, at a bus voltage peak 
results in generation of maximum transients (below).

Combining controlled point-on-wave (synchronous) switching with 
independent pole operation enables a “synchronous” breaker to 
significantly reduce the magnitude of switching transients and 
thereby improve power quality throughout the affected utility/
industrial system.  A synchronous breaker may be selected 
that reduces transients either during load energization or  de-
energization.

•	 Closing	each	pole’s	contacts	near	a	bus	voltage	zero	crossing	
    greatly reduces the voltage and current transients produced 
    during energization of capacitor banks, unloaded lines, and 
    cables (below).

•	 In	a	different	application,	closing	each	pole’s	contacts	near	a	
    voltage peak dramatically minimizes transients otherwise created 
    during energization of highly reactive loads such as shunt 
    reactors and transformers.

•	 Synchronizing	each	pole’s	opening	slightly	after	its	current	zero	
    crossing notably reduces likelihood of re-ignitions and resulting 
    transients upon de-energization of reactors and transformers.
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Previous	type	PMI	circuit	breakers	rated	38	-	170	kV	utilized	“triplex”	style	HMB-S	
mechanisms to achieve independent pole operation.  The HMB-S integrated all three 
poles’	operating	rods	with	a	common	spring	stored-energy	system	within	a	single	body.		In	
contrast, the 3xHMB-1 arrangement comprises three separate HMB-1 spring-hydraulic 
mechanisms,	which	share	space	within	the	breaker’s	electrical	control	cabinet	and	are	
located beneath the moving contact ends of their respective pole units.

Converting the HMB-S configuration to three separate HMB-1 units eliminates the hydraulic 
distribution block, which enables greater recirculation of hydraulic fluid with each operation.  
This further enhances the already high timing accuracy and consistency available with the 
HMB-S mechanism, critical properties for optimal synchronous switching performance.  
Additionally, the adoption of a two-stage control module for the 3xHMB-1 arrangement has 
enabled operating times to be relatively unaffected by widely varying periods of breaker idle 
times (periods between operations).

Combining the exceptional mechanical repeatability of the 3xHMB-1 design with the 
advanced algorithms of the Synchronous Control Unit and the superior dielectric 
performance	of	ABB	circuit	breakers	has	resulted	in	99.73%	of	close	operations	meeting	the	
“in-sync” criteria of having an electrical error no greater than one millisecond.  (Electrical error 
defined as the time difference between current inception and voltage zero crossing).  Such 
field proven results were attained irrespective of idle times ranging from less than one day 
through	38	days.

While	the	3xHMB-1	arrangement	provides	independent	pole	operation	on	new	type	PMI	
breakers, the basic HMB mechanism design has demonstrated excellent performance 
and field reliability over the past decade on ABB types 145PM50/63 and 242PMR gang-
operated circuit breakers.  HMB mechanisms have also proven a highly successful 
alternative	to	spring	drive	units	on	types	72PM	and	145PM40	breakers	for	applications	
where extreme endurance of highly repetitive operations is a prime criterion.

145PMI circuit breakers
Type	145PMI	breakers	also	achieve	
independent pole operation through 
application of the 3xHMB-1 spring-
hydraulic operating mechanism 
arrangement.  Further equipping the 
breaker with a Synchronous Control 
unit enables point-on-wave switching 
capability.

72PMI circuit breakers
Type	72PMI	breakers	incorporate	the	
3xHMB-1 spring-hydraulic mechanism 
arrangement to provide independent 
pole operation.  The breaker type 
may be optionally equipped with a 
Synchronous Control Unit to reduce 
switching surges through point-on-
wave switching.

Equipping type PMI breakers with the 
optional Synchronous Control Unit 
converts them into a synchronous 
breaker.  As such, they can help improve 
system power quality by dramatically 
reducing the potentially damaging 
voltage and currents transients otherwise 
generated during the switching of highly 
reactive or inductive loads, such as 
capacitor banks, transmission lines, 
cables, transformers, and reactors.

Test data has demonstrated operating times of the 

3xHMB-1 mechanism arrangement to be relatively 

unaffected by extended periods of inactivity, 

remaining well within a one-millisecond bandwidth.

Improved	mechanism	design
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Two-stage control module
Each HMB-1 employs a two-stage control 
module to actuate its motion -- the pilot 
stage and the main stage.  This eliminates 
need for high force control coils due to the 
reduction of the inertia load of the actuating 
method.  Moreover, initiating main spool 
motion within the control module by hydraulic 
fluid eliminates valve seating concerns, an 
otherwise potential issue with direct fast-
acting coil operation.

This configuration results in highly consistent 
breaker operating times, a prime requirement 
for reliable synchronous switching 
operation.  The two-stage configuration has 
been	a	standard	feature	on	ABB’s	higher	
energy	AHMA	and	HMB-4/8	class	spring-
hydraulic mechanisms, providing excellent 
performance history.

Closing
In	the	pilot	stage,	following	close	solenoid	energization,	high	pressure	fluid	(red	areas)	
passes through its pilot valve and enters the control module where it imparts the main 
spool.

In	a	second	activity	stage,	fluid	pressure	drives	the	main	spool	in	a	direction	which	
permits high pressure flow to the piston in the operating cylinder.

With high pressure fluid now imparting both sides of the piston, the greater force is on 
the piston head due its larger surface area.  That force moves the drive rod, closing the 
breaker contacts.

Tripping
The pilot stage of a trip operation begins upon activation of its solenoid, which permits 
the high pressure fluid previously held on one side of the valve to continue through the 
unit and enter the control module.

Within the module, the resulting force differential on the main spool reverses its 
position.  (Low pressure areas shown in blue.)  The new position permits the high 
pressure fluid formerly imparting the drive piston, to flow through the control module 
and	return	to	the	mechanism’s	low	pressure	reservoir.

The now unbalanced pressures on either side of the piston redirects the drive rod, 
thereby opening the interrupter contacts.
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For more information please contact:
 
ABB Inc. 
High Voltage Products
Westmoreland Distribution Park East
100 Distribution Circle 
Mount Pleasant, Pennsylvania, USA 
Phone: +1 (724) 696-1500 
Fax: +1 (724) 696-1502 
 
www.abb.com 

3xHMB-1 Spring-Hydraulic Mechanism

Arrangement 3 HMB-1 units, one per pole

Energy storage Disk spring assembly

Number stored operations 2 CO

Spring Recharge Time After: Seconds (approx.)

Closing 2

Opening 4

CO operation 6

CO-CO operation 12

Complete recharge time 17

Charging Motor, AC Operation Rating

Rated voltage 110-125	VAC 220-250	VAC

Operating range 93.5-127	VAC 187-254	VAC

Start current 40 A 25 A

Run current 9 A 4.5 A

Insulation	class B

Charging Motor, DC Operation Rating

Rated voltage 110-125	VDC 220-250	VDC

Operating range 88-140	VDC 176-280	VDC

Start current 30 A 20 A

Run current 6 A 3 A

Insulation	class B

Operating Coils Rating

Close or trip 110-125	VDC 220-250	VDC 48	VDC

Operating range 70-140	VDC 140-280	VDC 28-56	VDC

Resistance 24 Ω 96 Ω 4.6 Ω

Standard number coils 1-close, 2-trip

Stored energy monitoring/control functions:

1.  Energize/de-energize pump charging motor

2.  Alarm when less than full stored energy is available

3.  Block Close when insufficient energy for CO operation

4.  Block Open when insufficient energy for Open operation


