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Hybrids 



Traditional Pressure Sensor Portfolio

Process Transmitter

Trip Alarm or Trip Module 

Process Switch

Safety Transmitter-Switch 



Process Pressure Transmitter

• Widely accepted for BPCS and safety control, alarm   
and interlock (SCAI)
– Supplies an analog 4 to 20 mA output
– Comes with or without local indication

• Interface/Integration
– Coupled with a central or distributed logic solver
– Attention must be paid to set-up and proof testing

• SIL capable 
– Up to SIL 2 (SC3)
– Prior use and certified versions used in SIS
– Newer versions address legacy issue of frozen impulse 



Process Switch

• Widely used in plants for safety control, alarm and 
interlock (SCAI) 
– Supplies SPDT Form C output
– No indication 

• Interface/Integration 
– Supplies discrete input to logic solver or coupled directly

final elements
– Attention must be paid to set up and proof testing 

• SIL capable 
– Prior use and certified versions are available 
– SIL achievement is sometimes a stretch
– No diagnostic coverage 



Trip Alarm or Trip Module

• Widely used in plants for safety control, alarm and 
interlock (SCAI) 
– Supplies an analog or digital outputs
– With or without local indication

• Interface/Integration
– Needs additional environmental or hazardous 

area protection
– Attention must be paid to set-up and proof testing

• SIL capable 
– Process relays and fault relays must be wired in series 
– (i.e. you must monitor the diagnostic output) 



Hybrid Transmitter-Switch

• Emerging “niche” technology for safety control, alarm 
and interlock (SCAI)
– Combines functions of transmitter and trip alarm
– Comes with local indication

• Interface/Integration
– Coupled with logic solver or powered externally
– Programmable logic for set-up

• SIL capable 
– SIL 2 (SC3)
– Prior use and certified versions used in SIS
– Automatic self-diagnostics



Value Proposition of Hybrids 

• Cost effective 
 3 in 1 in one footprint
 Lower unit price point & lower total cost

• Reduces complexity 
 Simplified integration
 Standalone hardware & software

• SIL capable 
 Certified for use in SIL 2 (SC3) 
 Robust diagnostics 



Functional Safety Standards 
increasingly inform selections 

• What are the functional safety standards against which 
these sensor devices are measured?  

– Qualitative and quantitative 
assessment  



IEC Standards 
for the Process and Other Industries



ISA 84.00.01-2004



IEC 61508

• “Functional safety is a concept applicable across all 
industry sectors. It is fundamental to the enabling of 
complex technology used for safety-related systems. It 
provides the assurance that the safety-related systems 
will offer the necessary risk reduction required to achieve 
safety for the equipment.”

IEC



IEC 61508

• Functional safety relies on active systems. The 
following are two examples of functional safety:

– The detection of smoke by sensors and the ensuing intelligent 
activation of a fire suppression system; or,

– The activation of a level switch in a tank containing a flammable 
liquid, when a potentially dangerous level has been reached, 
which causes a valve to be closed to prevent further liquid 
entering the tank and thereby preventing the liquid in the tank 
from overflowing.

IEC



ANSI/ISA 84.91.01-2012



ANSI/ISA 84.91.01 (2012)



Basic Concepts of 
ANSI/ISA 84.91.01 (2012)  

• Identify process safety functions that utilize 
instrumentation in order to maintain safe operation.

• Identification of safety control, alarms and interlocks 
(SCAI)

• Focused on mechanical integrity and maintenance being 
the key to managing process risk.



Instrumented Safeguards



Recommended Reading 



How SCAI is Implemented 



Recommended Reading 



Angela says… 

• ”When considering the use of BPCS for SCAI, the first 
thing to remember is that risk reduction is not free. 
Getting an order of magnitude risk reduction from the 
BPCS is hard. The independence and reliability 
requirements impose rigorous design and management 
practices, focusing on eliminating single points of failure 
and human error.” 



Angela says…

• ”When claiming more than one order of magnitude (risk 
reduction) from a single controller in a scenario, the 
controller must be designed and managed as a SIS in 
accordance with IEC 61511.”



  

Distributed SIS: Traditional Recipe 



AI

High capacity 
programmable 

safety relay
5A @ 250 VAC
6A @ 30 VDC

DO

Distributed SIS: applying 
the “hybrid” in SIS 

4 to 20 mA

2.5A @ 125 VDC



Functional Safety context 

• Target SIL

• PFD avg

• Risk Reduction (RRF) 



Theoretical Safety Instrumented 
Function (SIF) 

The “High Pressure Protection” SIF measures steam pressure in the 
boiler output header and opens a vent valve if the pressure exceeds 
the setpoint. 



Sensors 

• Sensors are either certified process transmitters or a 
certified “hybrid of a transmitter & switch

• Clean service

• MTTR=24 hours

• Proof Test Interval = 12 months 

• Proof Test Coverage = 100% 

• Process outputs are assumed to fail to safe states.  



Logic Solver 

• Generic SIL 2 or SIL 3 Logic Solver 

• MTTR = 24 hours

• Proof Test Interval = 60 months

• PT Coverage = 100%.



Final Element 

• Generic, 3-way solenoid

• Bettis G-Series pneumatic spring return actuator

• Fisher Controls Design EZ valve

• MTTR = 24 hours 

• Proof Test Interval = 12 months

• PT Coverage = 85%

• No ß factor



Simplified Equation 

• PFDavg (SIF) = PFDavg (Sensor Subsystem) + PFDavg
(Logic Solver) + PFDavg (Final Element subsystem)



RRF & Achieved SIL (SIL 2 LS) 



PD PUMP APPLICATION    
LOW SIL 2  - TRADITIONAL APPROACH 

• Stainless steel cabinet
• Sub panel

• Associated wiring & programming
• Estimated cost >$20K 

MCC

Safety function to trip 
remote pump on 

excessive pressure 

Challenge
Process Safety Time 

> 1 sec 
Process
Transmitter
SIL 2

• Safety PLC



High speed/high capacity 
Safety Relay (60 ms)

• Start/stop circuit
 No Safety PLC

MCC

4 to 20 mA (NAMUR 43 NE Std) 

30 VDC @ 20 mA max – universal diagnostics  

30 VDC @ 20 mA (max)      

PD PUMP APPLICATION    
LOW SIL 2  - NEW APPROACH



Hypothetical Illustration Target SIL 3 
2oo3

PT PTPT

Current 
Output
4 to 20

mA

NOT ENOUGH RISK REDUCTION

Current 
Output
4 to 20    
mA

Current 
Output
4 to 20

mA

LS

ß =  



Recommended Reading 







Hypothetical Illustration Target SIL 3   
IPL 1 + IPL 2 

Hybrid

LS

PT

Current 
Output
4 to 20
ma

IPL 1 

Safety Relay Output
5A @ 125 VAC

Current 
Output
4 to 20

mA

Setpoint @ 500 psig



Comparing Attributes 
(Three SIL 2 Certified Sensors)

Product Safe Failure 
Fraction

Safety 
Accuracy

Fault 
Detection

Number of 
Safety 

Variable 
Outputs

Enviromental 
Profile (per IEC 

60654-1
MTTR

Input to 
Output 

Trip 
Response 

Time 

IEC 
61508

Hybrid Transmitter 98.6% ±3% 6 sec 4 C3 24 hours ~ 60 ms Edition 2, 
2010

Process 
Transmitter 95% ±2% 30 sec 1 C3 24 hours N/A Edition 2, 

2010

Trip Alarm 91.4% ±2% 15 minutes 2* B2 8 hours 256 msec Edition 2, 
2010

* Assumes fault relay is wired in series with process relays for fault monitoring



Can Hybrids Addressing Common 
Cause ? 



Common Cause Failure 
Major Equipment Groups 



Summarizing Benefits of the 
Hybrid  

• Highly distributed SIS 

• Where full blow safety systems are cost prohibitive. 

• Where ESD and continuous monitoring are needed.

• Where process safety time thresholds cannot be met.

• Where diversity can reduce common cause.

• Where lower unit price points for certified devices are 
desirable. 

• Where lower total cost solutions are imperative.  



Thank you for your attention

For more information contact: 

• Channing Reis, Director Functional Safety Technologies, 
United Electric Controls Company, Watertown, MA 
(USA) 617-899-1132                                      
creis@ueonline.com

mailto:creis@ueonline.com
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