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The NexSafe® Advantage

NexSafe® Functional Safety certified Rod Locks, Rail

Brakes and Servomotor Brakes provide a verified, reliable
solution that machine builders can depend on. With ISO

13849-1 Functional Safety Certification by Intertek®,

these products can be used on a machine for operations

such as holding, emergency stopping or positioning.

NexSafe products are an ideal fit for applications where

safety is a priority.

With spring-engaged, air-released functionality, these
products are default to lock, ideal for emergency

stopping and holding applications. Optional operating
mode sensors further ensure NexSafe products are an

Precision holding with guide rod systems and NFPA or ISO cylinders.

Safety Rated Rod Lock

Safety Features

Spring-engaged, air-released
Multiple springs

Engagement and Disengagement sensors available

B1oo of 2 million cycles

Features

Low backlash

Can be used in all orientations

Cylinder mount or stand alone

No rod wear due to the large clamping area
Can be stacked for additional force

Meets IP67 standards

Emergency stopping and holding

ideal fit for safety channels designed for ISO 13849-1
Categories B through 4 and Performance Levels PLa
through PLe.

ISO 13849-1 is a safety of machinery standard that
assists in the design and integration of safety related
parts of control systems or machines. This safety
standard includes a system of categorizing the risk a
machine poses, and the safety functions to mitigate that
risk. By selecting NexSafe certified safety components,
machine builders can rely on the provided reliability data
while achieving a safety performance level.

Compact and powerful brakes compatible with most profile guide rails and

Safety Rated Rail Brake

carriages.

Safety Features

Spring-engaged, air-released

Multiple springs

Multiple actuators

Engagement and Disengagement sensors available
B1oo of 4 million cycles

Features

High clamping force

Low backlash

Holds in all orientations

Emergency stopping and holding
Brake geometry matches rail system




Powerful, high-torque brake installed between the servomotor and
gearhead/load.

Safety Features:

» Spring-engaged, air-released

» Multiple springs

» Integral clamp collar with backup keyway

» Engagement, Disengagement and Wear sensors available
»  Baop of 2 million cycles

Features:

» Zero backlash

» Long facing life

» (Canbeused in all orientations

= Low inertia

» Sizes to fit most servomotors

»  Meets IP67 standards, when used without optional sensors
» Emergency stopping and holding

» Enough torque to stall servomotors

Operating Feedback

Optional Operating Mode Sensors

Optional operating mode sensor(s) are available for all Rating of the overall safety channel is the responsibility
three Nexsafe product lines and can be used to signal of the system manufacturer. Nexen's sensors are also
Engagement, Disengagement or Wear. By using the Industry 4.0 compatible and can provide information to
Operating Mode Sensors, system manufacturer’s are maximize machine efficiency.

able to gain higher safety category ratings per ISO

13849-1.

Disengagement and Engagement Sensors on Rod Lock and Rail Disengagement, Engagement and Wear Sensors on Servomotor
Brake Product Lines Brake Product Line

Operating Principal Magneto-Resistive Operating Principal Inductive Proximity Sensor
Normally Open Sensor Output Normally Open, or normally closed
Sensor Output : .
Normally Closed Fieldbus Connectivity | I0-Link v1.0 (See Tech Data Sheet)




ISO 13849-1 "Safety of Machinery — Safety-Related Parts of Control Systems, Part 1: General Principles for Design”
is an international standard intended to help incorporate safety systems into machinery with sufficient reliability.

If initial machinery risk assessments identify a risk to safety, then a proper safety function per ISO 13849-1 is
required to mitigate the risk. The standard specifies a Performance Level based on reliability data that is required for
carrying out safety functions. Each Performance Level is defined by four specific requirements: Category, Mean Time
to Dangerous Failure (MTTFyp), Diagnostic Coverage (DC) and Common Cause Failure (CCF). The Performance Level
can then be used in risk assessments to ensure the proper safety devices have been implemented and the risk is
reduced.

The following safety design steps are from ISO 13849-1 safety standard. Itis the manufacturer’s responsibility to
follow the applicable standards to ensure machine safety.

Specify Required Performance Level (PLr) Based on Risk Estimation

Performance Level (PL) is the value used to specify the ~ Required Performance Level (PLr) is the required
ability of safety-related parts of a control system to Performance Level (PL) to achieve the required risk
perform a safety function. reduction for each safety function.
The Performance Level (PL) of safety related parts of
a control system must be equal to or higher than the
Required Performance Level (PLr).

Determining Required PLr for Safety Function

Required

Possibility of avoiding Performance
Frequency and/ hazard/limiting Level
or exposure to harm?:
hazardZ Low contribution to

Passible under . .
Seldom-to-less- specific conditions risk reduction
often and/or short > a

Severity of injury: exposure time

) Scarcely possible
Slight (normally > |

reversible)

Serious (normally
irreversible or
death)

Frequent-to-
continuous and/
or long exposure
time

Paossible under
specific conditions

Seldom-to-less-
often and/or
short exposure
time

Scarcely possible

Possible under
specific conditions

Frequent-to-
continuous and/
or long exposure
time

Scarcely possible

Passible under
specific conditions

Scarcely possible

High contribution
to risk reduction

Paraphrased excerpt from ISO 13849-1

NexSafe products are capable of achieving all
Performance Levels (PL a through PL e).




Select System Category Level Requirements.
Category Level is the structure of the safety related parts of the control system and how their behavior in a fault
condition affects the safety performance of the safety control system.

Category Level Definitions

Principal Used to

Category

Summary of Requirements

Safety Related Parts of Controls Systems and/or their protec-
tive equipment, as well as their components, shall be designed,
constructed, selected, assembled and combined in accordance
with relevant standards so that they can withstand the ex-
pected influence. Basic safety principals shall be used.

System Behavior

The occurrence of a fault can lead to the loss
of the safety function

Achieve Safety

Mainly characterized by
selection of components

Requirements of Category B shall apply. Well-tried components
and well-tried safety principles shall be used.

The occurrence of a fault can lead to the loss
of the safety function but the probability of
occurrence is lower than for category B.

Mainly characterized by
selection of components

Requirements of Category B and the use of well-tried safety
principles shall apply. Safety function shall be checked at suit-
able intervals by the machine control system.

The occurrence of a fault can lead to the loss
of the safety function between the checks.
The loss of safety function is detected by the
check.

Mainly characterized by
structure, generally a single
channel with monitoring.

Requirements of Category B and the use of well-tried safety

principles shall apply. Safety-related parts shall be designed, so

that:

= A single fault in any of these parts does not lead to the loss of
the safety function, and

= Whenever reasonably practicable, the single fault is detected.

When a single fault occurs, the safety func-
tion is always performed. Some, but not

all, faults will be detected. Accumulation of
undetected faults can lead to the loss of the
safety function.

Mainly characterized by
structure, generally a dual
channel with monitoring.

Requirements of Category B and the use of well-tried safety

principles shall apply. Safety-related parts shall be designed,

so that:

= A single fault in any of these parts does not lead to the loss of
the safety function

= The single fault is detected at or before the next demand upon
the safety function, but that if this detection is not possible, an
accumulation of undetected faults shall not lead to the loss of
the safety function.

When a single fault occurs, the safety
function is always performed. Detection of
accumulated faults reduces the probability of
the loss of the safety function (high DC). The
faults will be detected in time to prevent the
loss of the safety function.

Mainly characterized by
structure, generally dual
channel with dual monitor-

ing.

Paraphrased excerpt from 1SO 13849-1

NexSafe products are capable of achieving all Category Levels (Cat B through Cat 4).
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Specify Mean Time to Dangerous Failure (MTTFo)
Bioo is the mean number of cycles until 10% of the components fail dangerously.
NexSafe B10D: Refer to product specifications.

Mean Time to Dangerous Failure (MTTFp) is given in three levels (see Table) and shall be taken into account for each channel
individually. NexSafe MTTFo: Perform calculation using intended application cycle rate, operating usage and Nexen supplied Bion
cycle life specification.

Denotation of each channel | Range of each channel
MTTFo = (10 = B1DD U tcvcle(sec))
Low 3vears = MTTFo < 10 years -
(Days per Year = Hours per Day = 3600 Seconds per Hour)
Medium 10 years < MTTFo < 30 years
High 30 years < MTTFo < 100 years Paraphrased excerpt from 1SO 13849-1

Useful Life (T1on) is the mean time until 10% of the components fail dangerously. Bioo
can be converted to Taoo by using the mean number of annual operations.
NexSafe T, : Perform calculation using MTTF | calculated on previous step.

MTTFo
10

T1op =

Specify Diagnostic Coverage

Diagnostic Coverage (DC) is the ratio between the failure rate of detected dangerous failures and the failure rate of total
dangerous failures. Diagnostic coverage can exist for the whole or parts of a safety-related system.

NexSafe Diagnostic Coverage (DC): Dependent on brake redundancy and sensor setup, refer to product safety ratings.

None Low Medium High

If DCis < 60% If DCis 60 to 90 If DCis 90 to 99% If DCis = 99%

Feedback sensor shall be used to monitor the operating mode of brake. The brake must be cycled
No sensor feedback Feedback sensor shall be used to engaged and disengaged at least this often to check for brake functionality:
necessary. monitor the operating mode of brake.
every 3 months | once every day

Specify Common Cause Failure Reliability Data Relationships
Common Cause Failure (CCF) is the failure of different items, The following graph shows the relationship between Category,
resulting from a single event, where these failures are not Diagnostic Coverage, and MTTFo to the Performance Level.
consequences of each other. CCF is to be considered at the Use this graph to determine if the capabilities of the safety
system level, not the component level. related parts of the control system can achieve a given
NexSafe Common Cause Failure (CCF): 75% assuming similar Performance Level.

technology used in safety channel. Value may be higher
if diversity of technology is used. Refer to product safety

ratings.
A
a PL Performance
°>‘ - ...... Levels
g
P b MTTFop rating
2 o T for each
] channel = low
g ¢
e N o B B MTTFp, rating for
o D g
“5 d - each channel =
a | medium
e MTTFp rating
- for each
Category B Category 1 Category 2 Category 2 Category 3 Category 3 Category 4 channel = high
DC,, none DC,, none DC, g low DC,, medium DC, g low DC,,; medium DC,, high

7 Paraphrased excerpt from ISO 13849-1



Choose Required Performance Level (PLr) and Safety Category

ISO 13849-1 steps through to determine the Performance Level and Category required. Use the following table
to identify the Performance Level and Category that are possible for a given NexSafe product’s technology. The
Category structure is further defined by any redundancies that are required with the number of sensors and

products.

NexSafe Product Capabilities

1 Safety Product Required

2 Safety Products Required*

No Sensors 1 Sensor . . 2 Sensors
Required Required 2 Sensors Required 1 Sensor Required Required
Rod Lock i;ieag%rli/b? Category 2 Category 3 Catesory 4
R : (PLa, PLb, (PLa, PLb, (nge)v
o Category 1 PLc, PLd) PLc, PLd)
w (PLb, PLc)
; Category B Category 3
Rail Brake
(PLa, PLb) Category 2 (PLa, PLb, PLc, PLd)
(PLa, PLb,
Category 1 PLc, PLd) Category 4
7 (PLb, PLc) (PLe)
Category B
ServomotorvBrake (PLa, PLb) Category 2 Category 3 Category &
% Category 1 (PLa, PLD, (PLa, PLD, (PLe)
(PLb, PLC) PLc, PLd) PLc, PLd)

*Products may differ in technology.

Example: Finding a NexSafe Product Configuration Capable of Meeting an Application's Safety Needs

Safety Function: Holding or emergency stopping a potentially hazardous movement.

Proposed Product: Nexen Servomotor Brake.
System Structure: Category 3.
Possible Performance Levels: Capable of PL a, PL b, PL c and PL d. (NexSafe Category 3 systems cannot achieve PL e))
Sensor Requirement: One sensor required.
Product Requirements: Redundancy with two safety products required. Both products do not have to be NexSafe Servomotor

Brakes, but must perform intended risk reduction on the safety function.

Category B
Rod Lock = Category 2 Cate|sory 3
e~ (PLa, PLO) (PLa, PLb, (PLe| PLb, Cat(engC;r)‘/ “
W Category 1 PLc, PLd) PL( PLd)
(PLb, PLc)
. Category B Category 3
Rail Brake (PLa, PLb) Category 2 (PLa, PLb, PLc, PLd)
; (PLa, PLb,
] = 0 Category 1 PLc, PLd) Category 4
| (PLb, PLc) (PLe)
Category B
Servomotor Brake (PLa, PLb)
3 ! Category 2 Category 3 Category &
_ (PLa, PLD, (PLa, PLb, (PgLe)V
Category 1 PLc, PLd) PLc, PLd)
(PLb, PLc)
*Products may differ in technology.
8

*Products may differ in technology.



Safety Function: Holding or emergency stopping a potentially hazardous movement.
Required Performance Level (PLr): b

System Structure: Category B g
Proposed Product: Nexen NexSafe Rail Brake G =
Calculate Mean Time to Dangerous Failure (MTTFo): =
Average Cycle Time | 5 seconds per cycle
Operating Hours per Day | 16 hours per day (10 = B1op = teyeetsec)
Operating Days per Year | 260 days per year MTTFo =
e el e e || & il eveles (Days per Year = Hours per Day = 3600 Seconds per Hour)
Denotation of each channel Range of each channel
Low 3 years < MTTFo < 10 years MTTFo _ (10« . )
Mﬁq'zm 31(()) years SI\I;ATTTLFD <126%years ( Days per Year = 16 Hours per Day = 3600 Seconds per Hour)
ig years < bs< years
: MTTEo 13 years In this example the brake must be replaced after usage
Tiopz ———— 1.3 years =
Calculate Useful Life (T1o0) 10 g 10 reaches Broo life of 4,000,000 cycles or 1.3 vears.

Reliability Data Relationships
Compare Category, Diagnostic Coverage, and MTTFo to the Performance Level. Use this graph to determine if the capabilities of
the safety related parts of the control system can achieve a given Performance Level.

a MTTF, rating for

b - each channel = low

o

>

a

P - I MTTF, rating for
e each channel =
1] .

e d medium

“g o - 77777777777777777777 I VTTFo rating for
a

each channel = high

Category B Category 1 Category 2 Category 2 Category 3 Category 3 Category 4
DC,,, none DC,,, none DC,,, low DC,,, medium DG, low DC,,, medium DC,, high

Performance Level (PL) is b, | Category is B | TTFp is 13 years, "medium" | Diagnostic Coverage (DC) is None, (0 to 60%)

Category B Control Circuit Example: One Brake, No Sensors Required

Proa Requirea ; Gauge
A 8
Supgl\/ Filter Dryer Regulator
0 e O O e 0 e O e O D A\
q ed q ed eg ed eg ed eg ed \%Z/ t?:j
Rod Lock Cate jory B
- (PL¢| PLD) C(St&:%rﬁ/b’z C(StLiggli/b,B Category 4 Control C7
Q’ Cate sory 1 PLc. PLd) PLc. PLd) (PLe) System J
(PLL!, PLc) (Logic)
. Category 3 3/2
Rail Brake Category B g
(pl_f p?’b) Category 2 (PLa, PLb, (3 Way) Quick
(PLa, PLb, PLc, PLd) N.C.Valve  Exhaust
” Category 1 PLc, PLd) Category 4 (V1) Valve
' (P Lb, PLc) (PLe)
Category B f Safety Rated
Servomotor (PLa%PIYb) Category 2 Category 3 | Carepory 4 n e)(sa e Product
Brake (PLa, PLb, (PLa, PLb, (PgLe)V
C(Siebg%rt/ )1 PLc, PLd) PLc, PLd) e \jr t0 Disengage Rail Brake
PLC Control Wiring
*Products may differ in technology. = Senisor Feedback Wiring
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Safety Function: Holding or emergency stopping a potentially hazardous movement.
Required Performance Level (PLr): c

System Structure: Category 1 =
Proposed Product: Nexen NexSafe Rail Brake ) .- =
Calculate Mean Time to Dangerous Failure (MTTFo): -

Average Cycle Time | 15 seconds per cycle

Operating Hours per Day | 16 hours per day (10 = B1op = teyctefsec)
Operating Days per Year | 260 days per year MTTFo =
e L ke e || millen e s (Days per Year = Hours per Day = 3600 Seconds per Hour)
Denotation of each channel Range of each channel
Low 3 years < MTTFo < 10 years MTTF, (10« . )
Mﬁ‘_j":]m ;8 years SRZATT;:FD <1?E)C())\/ears ( Days per Year = Hours per Day = 3600 Seconds per Hour)
ig years < 0s< years
. MTTEo 40 years In this example the brake must be replaced after usage
Ti0= —4—48— 4 years =
Calculate Useful Life (Tioo) 10 i 10 reaches B1oo life of 4,000,000 cycles or 4 vears.

Reliability Data Relationships
Compare Category, Diagnostic Coverage, and MTTFo to the Performance Level. Use this graph to determine if the capabilities of
the safety related parts of the control system can achieve a given Performance Level.

a MTTFp rating for

N - each channel = low
. ‘ = : MTTFo rating for

each channel =
d medium

MTTFp rating for
each channel = high

Performance Level

m

Category B Category 1 Category 2 Category 2 Category 3 Category 3 Category 4
DC,,, none DC,,, none DC,,, low DC,,, medium DC,,, low DC,,, medium DC,,, high

Performance Level (PL) is b, | Category is B | TTFp is 40 years, "high" | Diagnostic Coverage (DC) is None, (0 to 60%)

Category 1 Control Circuit Example: One Brake, No Sensors Required

2 Safety Products Required Air . Regulator Gauge
Supply  Filter Dryer
1 Sensor 2 Sensors No Sensors 1 Sensor 2 Sensors D PON
Required Required Required Required Required \QZ/ L—EBED

Catelsory B

Rt | PL[Pibl | Categony2 Qateson3 | Categorys | | [Gontro r

= a, , a, I
N‘ Cate sory 1 PLc. PLd) PLc. PLd) (PLe) System
(PLLt!, PLc) (Logic) }—
. Category 3 3/2
Rail Brake ?gﬁg%rlyb? Category 2 (PLa, PLb, (3 Way) Quick
(PLa PLb, PLc, PLd) N.C.Valve  Exhaust
3 2 Category 1 PLc, PLd) Category & (V1) Valve
(P Lb, PLc) (PLe)
Safety Rated

Category B f \

Servomotqr PLagPC/b Category 2 Category 3 n e)(sa e Product
(PLa, PLb) Category 4

Brake (PLa, PLb, (PLa, PLb, (Pre)
Cgiebg%rt/ 1 PLc, PLd) PLc, PLd) e Air to Disengage Rail Brake
(PLb, PLO) Control Wiring

*Products may differ in technology. . SeNSOT Feedback Wiring

10



Safety Function: Holding or emergency stopping a potentially hazardous movement
Required Performance Level (PLr): d
System Structure: Category 2

Proposed Product: Nexen NexSafe Rod Lock

Example is for Functional channel only.
Test channel MTTF is 100 years

Average Cycle Time

48 seconds per cycle

Operating Hours per Day | 16 hours per day (10 = Biop = teyetefsec)
Operating Days per Year | 260 days per year MTTFo = 0 y o 5 = p o]
Nexen Rod Lock B1oo | 2 million cycles B R e
Denotation of each channel Range of each channel
Low 3 years < MTTFo < 10 years MTTFo (10 = . )
Metfllum Dyaie e i Vi S0 e ( Days per Year = Hours per Day = 3600 Seconds per Hour)
High 30 years = MTTFo < 100 years
. MTTFo 64 years In this example the brake must be replaced after usage
Tio0= —4———— 6.4 years =
Calculate Useful Life (To0) 10 E 10 reaches Boo life of 2,000,000 cycles or 6.4 years.

Reliability Data Relationships
Compare Category, Diagnostic Coverage, and MTTFo to the Performance Level. Use this graph to determine if the capabilities of
the safety related parts of the control system can achieve a given Performance Level.

MTTFo rating for

each channel = low

T

>

a

o - B MITTF, rating for

e each channel =

E d medium

“g e - 77777777777777777777 I VTTFo rating for.

a each channel = high
Category B Category 1 Category 2 Category 2 Category 3 Category 3 Category 4
DC,,, none DC,,, none DC,,, low DC,,, medium DC,,, low DC,,, medium DC,,, high

Performance Level (PL)is d, | Category is 2 | TTFs is 13 years, "high" | Diagnostic Coverage (DC) is Low, (60 to 90%)

Category 2 Control Circuit Example: One Brake, One Sensor Required

Prod Req g i Gauge
SuApgly FiIt;rQ\/er Re?u%Ia.tor
0 e 0 0 0 0O O %\
Req ed Req ed g d Req ed Req d + j
Category B
Rod Lock (pop[’b) Category 2 Category 3 Category 4 Control 1
< (PLa, PLb, (PLa, PLb, (nge)V System )
Ss | Category 1 | Pl PLd) PLc, PLd) (Logid) |—
(PLb, PLc) 3/2 Operating
! Mode
Rail Brake Category B CStLeg%rt/S §\|3 éN\E;Z}VE S;Jr']‘;kust Sensor
(PLa, PLb) Category 2 (PLa, PLb, - Val (S1)
. ! (PLa, PLb, PLc, PLd) 1) alve
: /2 %Stfbgogl ; PLc, PLd) Cat(epgl_ogy 4
, FLC e
Safety Rated
nexcsafe 3.
. (PLa, PLb) gory gory Category 4
Brake (PLa, PLb, (PLa, PLb, (Pl
C(StL?:)g%rIY )1 PLc, PLd) PLc, PLd) Air to Disengage Rod Lock
e Control Wiring
*Products may differ in technology. Sensor Feedback Wiring

1



Safety Function: Holding or emergency stopping a potentially hazardous movement
Required Performance Level (PLr): d
System Structure: Category 3

Proposed Product: Nexen NexSafe Rod Lock

Calculate Mean Time to Dangerous Failure (MTTFo):

Average Cycle Time | 11 seconds per cycle
Operating Hours per Day | 16 hours per day (10 = B1op = teycietsec)
Operating Days per Year | 260 days per year MTTFo =
v e e T || 2 il e @ s (Days per Year = Hours per Day = 3600 Seconds per Hour)
Denotation of each channel Range of each channel
Low 3 years < MTTFo < 10 years MTTFo (10« . )
Mﬁ?"‘r‘]’“ ;g years 5'\'>|/|{_|-]_-|-FFD <1?E)Ooyears ( Days per Year = Hours per Day = 3600 Seconds per Hour)
ig years < 0s< years
i MTTFo 14 years In this example the brake must be replaced after usage
lcul ful Life (T T100= —— —— 1.4 years =
Calculate Usefu e (Tron) 10 J 10 reaches Bio life of 2,000,000 cycles or 1.4 years.

Reliability Data Relationships
Compare Category, Diagnostic Coverage, and MTTFo to the Performance Level. Use this graph to determine if the capabilities of
the safety related parts of the control system can achieve a given Performance Level.

a MTTFp rating for

b - each channel = low
C -

]

>

a

< I MTTFs rating for
c ‘ each channel =
g d { medium

o e e A T Ui .

';-‘:, e } - I VITTFo rating for

‘ each channel = high
Category B Category 1 Category 2 Category 2 Category 3 Category 3 Category 4
DC,,, none DC,,, none DC,,, low DC,,, medium DC,, low DC,,, medium DC,,, high

avg

Performance Level (PL) is d, | Category is 3 | TTFo is 14 years, "medium" | Diagnostic Coverage (DC) is None, (90 to 99%)

Category 3 Control Circuit Example: Two Redundant Brakes, One Sensor on Each

i i Gauge
1 Safety Product Required L S Fitegpryer RegUator ?

Control
Rod Lock Category B ey _M
(PLa, PLb) Category Category 3 32 Operating
% TSNS (PLa,PLb, | e8ON Vg quec gkl
] C(gtLebggt/ )1 PLc, PLd) PLc, PLd) e lictabe Bhaust  “TgS)
. PLc
Rail Brake Category B Gt , C(StL%g%rﬁ/bB w
ategor , PLb, SE—
(PLa, PLb) Pl PLc, PLd) o Mode
" /4 ((Zategor\/ ')I PLc, PLd) Cat(ego;y 4 xl.g.)Value Exhaust Sensat
P Lb, PLc PLe alve
Category B
Servomotor (PLag,PC/b) Category 2 Category 3 ne)(safe Safety Rated Product
Brake (PLa, PLb, (PLa,PLb, | CRteEONV4
Category 1 PLc, PLd) PLc, PLd) (PLe) Air to Disengage Rod Lock
(PLb, PLc) Control Wiring
*Products may differ in technology. — 5€NS0T Feedback Wiring
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Safety Function: Holding or emergency stopping a potentially hazardous movement
Required Performance Level (PLr): e
System Structure: Category &4

Proposed Product: Nexen NexSafe Servomotor Brake i f 3
Calculate Mean Time to Dangerous Failure (MTTFo): N
\
=
Average Cycle Time | 24seconds per cycle
Operating Hours per Day | 16 hours per day (10 = B1op = teyeietsec)
Operating Days per Year | 260 days per year MTTFo = 0 v 5 - ES— p Hourl
Nexen Servomotor Brake Bioo | 2 million cycles G5 pervear  Holrs per Lay ¢ £Conas per Hotr
Denotation of each channel Range of each channel
Low 3 years < MTTFo < 10 years MTTFo _ (10« . )
Metljlum Dy = T s 10 YiEas ( Days per Year = 16 Hours per Day = 3600 Seconds per Hour)
High 30 years = MTTFo < 100 years
. MTTFo 32 years In this example the brake must be replaced after usage
lcul ful Life (T Tiopz ———— 3.2 years = A
Calculate Usefu e (Tron) 10 J 10 reaches Brop life of 2,000,000 cycles or 3.2 years.

Reliability Data Relationships
Compare Category, Diagnostic Coverage, and MTTFo to the Performance Level. Use this graph to determine if the capabilities of
the safety related parts of the control system can achieve a given Performance Level.

afl MTTFo rating for
- each channel = low
< b
g .
P I MTTF, rating for
e each channel =
g d medium
£ { _ I VTTFo rating for
a.® each channel = high
Category B Category 1 Category 2 Category 2 Category 3 Category 3 Category 4
DC,,, none DC,,, none DC,,, low DC,,, medium DC,,, low DC,,, medium DC,,, high
Performance Level (PL) is e, | Category is 4 | TTFp is 32 years, "high" | Diagnostic Coverage (DC) is High, (=99%)
Air . Regulator Gauge
. . Supply  Filter Dryer
Category 4 Control Circuit Example: Two Redundant Brakes, Two Sensors on Each [
1 Safety Product Required o b
(Logic)
0 Se 0 e 0 e 0 0 Se 0 e 0 3/2
.L. Valve
Category B w1) Valve
Rod Lock (PLa, PLb) Category 2 Category 3 Catelsory 4 .
e (PLa, PLb, (PLa, PLb, (F )Le) ?Auaéogeratmg
@ C(StL%g%rt/C; PLc, PLd) PLc, PLd) K $&es”§°’s
. Cate zory 3
Rail Brake Category B L BLh
PLa, PLb Category 2 (PLet. PLb, /
. ( ) (PLa, PLb, PL¢ PLd) B Way  Quick
~ % %Stfbgogz ; PLc, PLd) Cat(eF gLOBV 4 gy lve Exhaust
, PLC e
Category B Dual Operatlr\g
cemvemetor | 1o "plb) | Category2 Category3 | categoryse | LME2<SAfe safuyRatedproduct Megs 435"
[Ty (U
% Category 1 PLc, PLd) PLc, PLd) (PLe) s i 0 Disengage Servomotor Brake
(PLb, PLc) >
Control Wiring
*Products may differ in technology. e Sensor Feedback Wiring
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Rod Locks and Servomotor Brakes Rail Brakes

CatB/1: —| Logic |—| V1 |—| B1 l—

CatB/1: —| Logic |—| V1 |—| B1 l—
V |—| B1
[ s ]
—{ o —
@ —
IERER
—{ = —
cat - -
V2 — B2 ——
IEREN

o]
o —
o]

Cat 2: —| Logic |—| V1
|

ENEN
e —
o o —
ERES

Cat 3/4:
|
Key
Logic= Customer Logic and Controls
B= Rod Lock, Servomotor Brake, or Rail Brake
V= Pneumatic Control Valve
S= Operating Mode Sensor

Assumptions

s System can be reduced to a single channel with Logic, Valve, and Brake

»  MTTF, is selected based on the category, performance level, and diagnostic coverage and t
maximum cycle rate (rounded up)

* B, for a pneumatic valve is 20,000,000 per 13849-1:2015, Annex C, Table C.1

s PFH forlogic is 1.5X10®based on common industry manufacturers

= 260 operational days per year (five days per week)

= 16 operation hours per day (two eight-hour shifts)

is back figured to provide a

cycle

Category B | Category 1 Category 2** Category 3**
Sample Tabulated DC None DC None DC Medium DC Medium
Values
'(\\;l;—;—rzg 33 | 13 33 43 | 33 | 82 | 27 68 [ 33 | 62 | 18 39 | 33 | 43 12 27 | 33 | 62 15 33
%
Rod Lock (s/ccvf;zle) 28 | 108 (273|357 28 | 68 (224|566 28 | 52 (149|323 28 | 36 | 99 | 224 | 28 | 52 (124 | 273
(yng?S) 03|13 |33 |43 |03 |08|27|68|03|06|18)|39[03|041|12)|27|03]|06]|15 33
MTTF,
(years) 33 | 13 33 43 | 33 | 82 | 27 68 [ 33 | 62 | 18 39 [ 33| 43 | 12 27 | 33 | 62 15 33
Servobrake (s/[cV\(/‘ecle) 28 [108| 273|357 | 28 | 68 | 224|566 | 28 | 52 [149|323| 28 | 36 | 99 | 224 | 28 | 52 | 124 | 273
(V—anl?s) 031333 | 43|03 (08|27 |68|(03|06|18(39|03|04|12]|27]|03]|06]|15 33
I(\\;l;—;z[)) 33 | 13 33 43 | 33 | 82 | 27 68 [ 33 | 62 | 18 39 | 33 | 43 12 27 | 33 | 6.2 15 33
Rail Brake (S/Ccv\[/lecle) 15 | 59 | 149 195| 15 | 3.7 | 122|309 | 15 | 28 | 82 |17.7| 15 | 20 | 54 |122| 15 | 28 | 68 14.9
(VLQ?S) 0313 |33| 43|03 |08|27|68|03|06|18(|39|03|04|12|27]|03]06]|15 33
*NOTE: t___isrounded up to the nearest tenth as a worst-case.

cycle

** NexSafe Cat 2 and Cat 3 systems must compare pneumatic valve power signal with Sensor output signal
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Example Safety Rated Control Circuits
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heycsafe

Certified Safety Products WS

xSafe® Rod Locks

Precision holding with guide rod systems
and NFPA or ISO cylinders.

v CAT4PLe
v SIL3

Certificate NO. FS-CRT-0006
intertek.com/directories/

NexSafe® Rail Brakes

Compact and powerful brakes compatible
with most profile guide rails and carriages.

v CAT4PLe
v SIL3

Certificate NO. FS-CRT-0007
intertek.com/directories/

Powerful, high-torque brake installed
between the servomotor and the gearbox.
AT R
i R
I v CAT4PLe
N VASTE!
1 ,/"M
1 Certificate NO. FS-CRT-0008
L intertek.com/directories/
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