Automatic Trip Systems

This survey of the ammonia industry should prove helpful in deciding
whether or not some aspects of a given plant’s automatic trip system

ought to be re-examined.

P.A. Ruziska
Esso Research and Engineering Co.
Florham Park, N.J.

Before automatic trip instrumentation is decided upon for a
large ammonia plant, such as the one shown above, the
possibilities of needless plant shutdowns must be balanced
against the possibilities of severe equipment damage.

In the 1970 Symposium on Ammonia Plant Safety, an open
discussion of ammonia plant automatic trip systems was
held. There appeared to be plenty of interest and much
divided opinion. At the conclusion of the session, it was
resolved to conduct a survey of the plants to obtain more
detail on the automatic trip circuits employed in the
industry. In all, 60 companies responded to the survey
questionnaire: 53 operating plants, 4 engineering
contractors, anu 3 plants not yet in operation. This article
summarizes the major points of the survey. The full details
are contained in Tables 1 to 5.

The interest in automatic trip system use stems from the
fact that, at times, they can be the source of operating
difficulties. They can cause needless plant trips and, as a
result, contribute to such things as a costly production loss
and excessive wear and damage to the equipment.
Consequently, there is a real interest in limiting the use of
trip circuits to only those areas having a need of automatis
protection. Defining the areas having this need is the key
point. It is generally believed that these are areas where a
rapid response to a process upset or equipment malfunction
is required in order to avoid:,

1. Endangering personnel

- 2. Costly equipment damage

3. Prolonged unit downtime

Both the concept of rapid action and, either personnel
safety or major cost damage, are important in determining
the need for automatic trip protection. For instance, many
process upsets would, if left unattended, result in unit
damage of major proportions. But, the unit response is
usually slow enough so that the operators can take the
necessary action to recover or make the decision to shut
down before conditions reach a hazardous situation. Alarms
are provided in these cases and operators are trained to
respond to deviations in normal operating conditions.

It is interesting to note that virtually all ammonia plants
have automatic trip systems on certain process equipment,
and the use of circuits on compression equipment is
virtually universal. However, except for the compressor oil
system trip circuits, there is little agreement on which
process upsets require automatic trip protection.

It is accepted that certain unique design characteristics
in a given plant may require special considerations. But,
there are enough similarities among the ammonia plant
designs (plus certain portions of hydrogen and methanol
processes) that the survey findings should point out several
areas where industry consensus accepts or rejects automatic
trip protection. Consequently, this information may be
helpful 1. deciding if some aspects of a given plant’s trip
system should be re-examined in light of the overall
industry opinion.

Based on the data shown in Tables 1 through 5, it is felt
that automatic trip instrumentation used in fewer than 10%
of the plants must be considered either as dictated by the
particular plant design, or as an unnecessary degree of
protection that others have not found a need to employ.
Indications of the usage of an automatic trip circuit in over
50% of the companies reporting use of the associated
equipment indicates some possible justification, and usage
in over 60% can indicate a need for serious consideration.

Reformer furnace trips

Table 1 contains the survey findings regarding the trip
circuits employed on the reformer furance. Protection
against loss of draft in induced draft furnaces (trips no. 3
and 4) is used in 82% of the companies reporting. The
signal actuating the trip circuit is either a measurement of
low draft, or a detection of a shutdown of the induced
draft fan. Slightly over half use draft measurement, while
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(1) Coavection fuel loss crips removed wers either "full plant”

or “"all fuel" trips.

(2) 82% of the plants reporting had either a "loss of draft” trip or an "induced draft fan shutdown” trip.

(3) All induced draft

fon shutd

trips

(4) Soms sdditional tripe rveported:
(a) Low atomizing steam (air) pressure trip of liquid fuel.

(b) High radisnt coil outlet temperature trip of plant,

d were "demper adi: only” trips.

(Also a trip on low coil outlet temperature.)

REFORMER FURMACE
Usaes Staciecice
Instrument
] Type of Trip X In Use 3% Rewoved Trip Signel Units Tripped Failure Action Time Delay Bypass
1. Fuel loss 3 3 96% = Low Fual Prassure 100% - Fuel Valves 4% - Trip 763 ~ Ho Dalay 421, - No Bypass
(Radiant) 4% - High/Low Fuel 50% - Feed, Process Air, 22% - 1 to 5 ssc. 49% - @ Control Room
Pressure (Stesm to Process Atr Line) {1 Plant) - 15 sec. 9% - Local
12% « Syn Gas Comprassor
10% - Minimum Primary Stesm
9% - Methanator
9% = Alr or Peod Gas Compressors
Msc. - Feed Prebast (Vaporiser)
Furnace, Fan Trips, Damper
Trips
2. Fuel Loss 56% ux (1 98% ~ Low Puel Pressure 60% = All Fuel 74% - Teip 78% - No Delay 50% - No Bypass
{Comvection) (1 Plant) - High Stesm 25% - Feed, Process Alr, etc. 18% - 2 to 5 sec. 25% - @ Control Room
Pressure iR A R I LI I BT B ] (1 Plant) - 15 sec. 25% - local
38% - Only Convection Pusl
3. logs of 45% 6% 70% - Low Draft 67% = Fuel
Drafe (2) 30% - Slight Positive 29% - Peed, Process Alr, atc. 64% - Trip 45% = ¥o Delay 42% - No Bypass
Pressure Lt Rl 45% - Under 30 sec. 46% « @ Control Room
332 - Only Stesem Ejector fn Stack 10% - 1 to 3 min, 12% - Local
4, Induced Draft 3N 1% 3) 55% - Motor Failure 64% - Fuel 80% - Trip 67% - No Dalay 58% - No Bypaas
Pan Shutdowm (2) 30% - ran AP 40% - Fead, Process Air, ete, 247 = Under 10 sec. 34% - @ cControl Room
{1 Plant) - Limit Switch Mac, - Forced Draft Fan, Steam 9% - 25 to 30 sec. 8% - local
(1 Plant) = Overspeed Ejector, etec,
(1 Plant) - Low 011
Pressure g S
o - Spars Fan Oo/Dampers
12% - Only Steam Ejector in Stack/
14
8% - Qnly Damper Adjustment
8% - Only Forced Draft Fan/Dampsrs
5. Vorced Draft 40% e 7% - lov ¥an AP 83% « Fual 0% « Trip 56% = Wo Delay 36% - ¥o Bypass
Pan Shutdowm or Discharge 58% - Feed, Process Air, etec. 33% - Under 10 sec. 487 - @ Control Room
Pressure eemesamesereare. 11% ~ 25 sec. 16% ~ Local
27% - Motor Failure 17% - Only Demper Adjustment
P
6. Fead Loes b2 19% 88 - Low Flow 93% - Process Alr, (Steam to 8% - Teip 71% = %o Delay 33% - No Bypass
10% - Low Pressure Process Afr Line) 23% - Under 10 sec. 61% - @ Control Room
{1 Plant) - Low Vaporizer 52% = Faed Valvas 6% = 10 to 20 sec. 6% - Local
Dewe Lavel AQL ~ Fuel
12% « Air or Fesd Gas Compressocs
12% - Miaimum Prisscy Stess
10X ~ Syn Ges Compressor
8% - Methanator
Msc. - Feed Prsheet (Veporiszer)
Purnece
7. Steam Loss (3,3 m 68% = Low Flow 96 - Feod - P (1 4 ) Delay 112 = Ko Bypass
30% - Lov Stesm to 73% = Process Air 27% - Under 10 sec. 827 - @ Control Room
Feed Ratio (Steam to Process Air Lioe) 5% - 30 to 40 sec. 7% - Local
63% « Pus?
(1 Plant) - Low Steam Mec. = Atir, Feed Gas & Syn Gas
Prassuze Compressors, Methanstor, etc.
— - -
8. Boiler Fesd 30% 31 6ix - Low Flow 208 = (Full Plant Trip) 3 7 £ TS o Delay %% ""No Bypass
Hatsr Supply loss 28% - Low Pump Discharge asesenencawsssana 32% - Under 10 sec. 27% - @ Control Room
Pressure (1 Plant) - Fuel Only 10%2 = 1 min. 19% - local
(1 Plant) - Pusp Trip 75% - Only Spere Pump Start
(1 Plant) - Low Dassrator
lavel
9. Loss of Stesm 21 12 87% =~ Low Level 60% = (Pull Plant Txip) 58% - Trip 62% - Xo Delay 39% - Ko Bypess
Drue lavel PR R R R 38% - 3 to 13 sec. 61% - @ Control Room
132 - Low or High Lavel 27% ~ All Fuel gnly
’ (1 Plant) - Convection Burners Only
(1 Plant) - Process Afr Oply
10. Loss of Boiler 4% 1 78% - Low Plow 25% - (Full Plant Trip) 77 - Trip 31% - Ro Dslay 562 ~ No Bypass
Circulation Flow 112 - Low Pusp AP I R 31% - Under 10 sec. 32% - @ Control Room
{1 Plant) = Process Gas 20% - All Fuel Only 31% - 10 to 20 sec, 12% - Local
fiigh . (1 Plant) - Convection Burnsrs Only 7% = 1 min,
{1 Plant) - Pump Trip (1 Plant) - Process Gas Vent Only
45% ~ Only Spare Pump Start
Hotes:

(c) vVaporiger furnace high coil outlet tempersture, low fusl pressure, high stack temperature, etc., trip of veporizer fuel and occasionally full plant.
(d) Lloss of inmstrusent air pressure trip of plant.
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slightly under half use fan failure. About 66% of the
companies employing this type of trip use it to shut off ali
reformer furnace fuel. About 35% shut oft feed and air
with the fuel. About 24% of the companies employing this
type of trip use if only to actuate a steam ejector in the
stack. However, it was noted that half of the companies
having a steam ejector indicate that it has either been
removed from the trip system, or else the steam valve has
been limited to a partially open position when tripped.
Limiting steam flow was reported to be necessary because
otherwise the trip could cause an upset in the steam system.
It was also noted in some of these cases that the ejector
provided questionable protection at this limited steam flow
condition.

Low pressure on the radiant section burners (trip no. 1)
is employed to actuate a trip of the reformer fuel valves in
74% of the companies reporting. This category ales includes
low pilot gas pressure, if pilots are used. Half using this trip
also trip feed and air.

Low pressure on the convection section burners (trip no.
2) is used to actuate a trip in 56% of the companies using
convection firing. Sixty per cent of those using this trip
shut down all reformer firing, while 38% trip only the
burners affected.

Loss of feed (trip no. 6) is used in slightly more than
half of the companies, mostly to trip secondary reformer
air. Feed and fuel valves are also tripped in about half of
the plants using a feed loss trip.

Loss of process steam (trip no. 7), actuated by low
steam flow in most cases, is used in 67% of the companies,
mostly to trip feed. Air is reported tripped with feed in a
majority of the companies, and fuel is shut off 63% of the
time. o

Looking at the philosophy exhibited by these data, we
find the following sources of danger:

1. Furnance overpressure — Hazard is that when positive
pressure occurs, the hot fuel gas will escape from the
furnace casing. This is a personnel hazard, and could also
result in damage to the furnace itself.

2. Momentary fuel loss — Hazard is that an explosion
could occur if fuel is reintroduced without reignition of the
burners.

3. Feed loss — Hazard is that the secondary reformer
catalyst can become overheated and fuse if air flow is
continued when feed flow is lost.

4. Steam loss — Hazard is that the primary reformer
catalyst can be lost due to coking if feed is not shut off
when the steam flow is lost.

Process steam generation

‘The last three trips in Table 1 cover the process steam
generation equipment usually associated gith the reformer.
Thirty per cent report trips on loss of Boiler feed water
flow to the plant (trip no. 8), but in most cases this is used
to cut-in the spare BFW pump and not as a plant trip. Only
a few companies use the automatic system to trip the plant
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About 20% of the companies report using low steam drum
level (trip no. 9) to trip either the reformer burners alone or
the full plant,

Loss of boiler drum circulation (trip no. 10) is used in
34% of the companies to actuate a trip. As in the case of
trip no. 8, about half merely cut-in the spare pump, while
the other half trip either reformer fuel alone or the full
plant.

Actuating shutdown of process equipment due to a

. failure in the onsite steam generation service is usually used

to protect the heat exchange equipment from operating dry
and overheating, However, the fact is that this type of
automatic protection is employed in only about 20% of
companies. This seems to indicate that most companies
believe operator action can be as effective in protecting the
equipment as an automatic system.

Table 2 lists the other automatic trip systems frequently
used in the ammonia plant, excluding compression
equipment. Slightly under half of the ammonia plants use a
trip circuit activated by loss of secondary reformer air (trip
no, 1). This is usually used to shut the air valve, probably in
order to prevent a surge of air flow when the air supply is
recovered. Depending upon the plant design, some units are

required to protect an air preheat coil by introducing steam
upstream of the coil when air is lost. This also serves to
keep a positive flow in order to prevent backup of
combustible gases into the air line. A small number of
plants also trip the syn gas compressor.

A few plants employ a trip of the methanator on loss of
CO, solution flow (trip no. 4). This is not common; rather,
several plants instead maintain an automatic spare pump
start.

Loss of level in the carbon dioxide absorber (trip no. 5)
is used to actuate a trip circuit in 25% of the companies.
Usually, the rich solution letdown valve is closed, or a block
valve is shut in the rich solution line. This serves to protect
the CO, regenerator system from damage caused by loss of -
liquid seal in the bottom of the absorber and escape of
pressurized syn gas. Some plants use the trip to shut off air
injection at the regenerator so as to protect against a
possible explosive condition.

Seventy nine per cent use a automatic trip on high
methanator temperature (trip no. 6) to shut down the
reactor, to trip the downstream compressor, or both. This
provides protection against reaction runaway. Although
catalyst damage can occur as a result of a runaway, the
prime consideration should be the possibility of vessel
overheating and rupture. _

The fired startup heater in the ammonia synthesis loop,
when used, is frequently protected with automatic trip
circuits (trips nos. 7, 8, and 9). In this unit, a coil rupture
can result in a serious fire due to escaping high pressure
synthesis gas. Sixty three per cent protect against coil
overheating caused by loss of gas flow, such as would occur
when the recycle gas compressor shuts down. Fifty five per
cent also protect against the possibility of an explosion
caused by momentary fuel loss. We find that 90%
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accomplish this with a low fuel pressure cutout, while 20%
use a flame detector instead of, or in addition to, the low
pressure cutout. Thirteen per cent protect against overfiring
by various high temperature cutouts.

Compressors

Table 3 covers the centrifugal compressor trip circuits
most commonly used. Note that all companies use the low
lube oil pressure trip (trip no. 1). This trip is for purposes
of machine protection. Rapid response to a loss of oil is
critical for minimizing damage to the machine. Not only is
the cost of the compression equipment a major
consideration here, but also important is the fact that a
prolonged shutdown usually accompanies major machinery
repair.

A trip on loss of seal oil (trip no. 2) is also universally
employed. This type of design feature is normally used on
combustible gas compression equipment. Trip protection
constitutes personnel as well as equipment protection due
to the fire hazard associated with loss of seal oil (such a trip
is seldom found on an air compressor).

Eighty three per cent of the companies reporting
indicate that they employ a trip on high knock-out drum
level (trip no. 3). This involves protection of the rotor from
excessive liquid carryover due to a flooded KO drum.,

Only a small percentage (26%) utilize automatic trips on
high vibration or axial displacement (trip no. 6). Most
indicate that the sensing equipment is installed and used for
alarm purposes, It appears that the big factor preventing use
of this equipment as an automatic trip at present is a lack
of confidence in instrument reliability.

Table 4 gives the reciprocating compressor trip circuits
reported. Again, essentially all companies reporting use a
low lube oil pressure trip (trip no. 1). Note that this is
frame oil; trips on loss of cylinder lube oil are not normally
employed.

As in the case of centrifugal compressors, 83% use a trip
on high knock-out drum level (trip no. 2). 64% employ a
trip activated by suction pressure (trip no. 3); usually low
suction pressure, but on occasions also high suction
pressure. This is generally used to protect against rod
overloads caused by a suction pressure excursion into an
unsafe region,

The remaining trips are used only in about 20- to 30% of
the cases. Two are related to temperature; the one actuated
by loss of cooling water flow, and the other by high
cylinder discharge temperature. '

As with centrifugal compressors, about one-quarter
employ a trip on high vibration. Again, difficulties with
instrumentation are a prime reason against the more
frequent use of this type of trip.

Table 5 correlates some of the information received on
gas turbine compressor drivers. Only eight companies
reporting had experience with gas turbine drivers. The
majority utilize flame failure and high exhaust temperature
trips to protect against combustion upsets. The additional
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machinery-related trips utilized in half, or fewer, of the
cases are listed in Note 3 of the table.

Trip removal in operating plants

In addition to the trip usage data, some additional
information was developed in the survey. Tables 1 through
5 include data on the trip circuits reported as discontinued.
Most were those associated with the reforming section.
Nineteen per cent of the companies having loss of feed trips
have discontinued their use, as have 14% of those with loss
of process air and 12% with loss of process steam. About
10% of those having a reformer furnance draft trip have
discontinued its use. This interest in removal of reformer
trips is due to the fact that, when a unit upset occurs, a

major aim is to keep at least the front end onstream.

Consequently, removal of automatic trips in the reforming
section has a greater significance than removal of other trip
circuits. However, as seen from the number of companies
still using these circuits, operator opinion is divided on the
necessity of maintaining automatic protection for the
upsets indicated.

Compressor vibration and displacement are a separate
consideration. As indicated before, there has been a
concern over instrument reliability, leading in many cases
to removal of the automatic trip feature.

A number of other points concerning instrumentation
were developed in the survey and are contained in the
tables and discussed below:

Instrument response on failure of either power or air
supply is of interest. It indicates how willing companies are
to undergo a nuisance trip in case of a localized instrument
system failure, compared with the “fail safe” protection
concept. The only signficant differences observed were that
slightly more of the process trip circuits would cause a trip
on loss of power (or air supply) than would the compressor
trip circuits.

Time delay between detection of a trip condition, and
initiation of the trip, is of interest. This amounts to a time
period during which the plant can return to a non-trip
condition without having the trip occur. This is very useful
in order to allow for instrument swings, or to allow for
operator recovery of a unit if he can respond in time.
Alternatively, in cases requiring rapid equipment shutdown,
this further delays the achievement of a safe condition.
Significantly, more use a time delay in the reformer trip
systems than for the other circuits, such as methanator high
temperature, startup heater, or compressor trips.

A bypassss switch in the control room can be useful in
avoiding a trip due to an instrument malfunction (if caught
in time), or to prevent a unit shutdown if the operator
judges he can recover given some more time. The risk is that
the operator will decide against the trip and then not be
able to recover, but will instead extend the “unsafe”
condition long enough to cause damage. Most of the
control room bypass switches used are on the feed, steam,
and air trips. Slightly under half have bypass switch in the
control room for reformer furnance fuel loss and draft loss.



A small percentage of companies employ a control room
bypass on the startup heater and centrifugal compressor
trips, and almost none use this on reciprocating compressor
trip circuits.

Trip circuit testing

One final area not included on the tables is worthy of
mention, and that is the practice of testing and checking
the trip circuitry. Over two-thirds of the companies
reporting indicate that they check-out the trip circuitry on
the compressors during each shutdown, or as part of the
restart procedure. For instance, some companies use a
checklist as part of the startup procedure for the
compressors that includes trip instrument checkout, plus
simulating the trip action of some of the circuits.

Regarding the process trip systems, only about half
report any planned checkout procedure. Two-thirds of
those reporting a planned checkout procedure do this as
part of the turnaround program. The rest conduct a circuit

check at some regular interval while the unit is in operation.
It appears that this is done by putting the trip system on
bypass and checking to see if the sensing elements respond
to a trip condition.

It appears that in both cases, a majority prefer to work
on the trip systems during a unit shutdown. This permits
not only a check of the sensing elements, but also allows a
full trip circuit test including simulation of the trip valve
action. #
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