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1. SCOPE:

The recommendations of this SAE Aerospace Recommended Practice (ARP) for aircraft compartment
automatic temperature control systems are primarily intended to be applicable to occupied or
unoccupied compartments of civil and military aircraft.

1.1 Purpose:

The purpose of this ARP is to outline the design considerations and criteria for automatic
temperature control systems, for use as a guide in the aircraft industry. In most environmental
control systems (ECS) temperature control is accompllshed by an ECS controller several of the

control schemes

representative ¢
due to the rapid

2. REFERENCES:

2.1 SAE Publication

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
211 ARPS85 A

2.1.2 ARP147 A

21.3 ARP292 E

2.1.4 ARP986

G
2.1.5 AIR1168/6 Characteristics of Equipment Components, Equipment Cooling Sys
T

216 AIR1823 E

2.1.7 SAE Paper 82

present engineering practices, and necessarlly subject to revisior
Hevelopment of the industry.

Us

Jr Conditioning Systems for Subsonic Airplanes
jreraft Air Conditioning Equipment Nomenclature
nvironmental Control Systems.for Helicopters

uide for Qualification Testing of Aircraft Air Valves

bmperature Control System Design
CS Transient Analysis Computer Program (EASY)

D86 A Hybrid Facility for Simulation, Development of ECS M

Based Controls

2.2 ANSI Publications:

ns are
from time to time

tem Design, and

croprocessor

Available from American National Standards Institute, 11 West 42nd Street, New York, NY 10036-

8002.

2.2.1 ANSI MC85.1M-1981

American Society of Mechanical Engineers

Terminology for Automatic Control, American National Standard,
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2.3 Military Publicati

ons:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.

23.1 MIL-E-18927

23.2 MIL-E-87145

23.3 MIL-STD-810

Environmental Control Systems, Aircraft, General Requirements

Environmental Control, Airborne, General Design Specification

Environmental Test Methods and Engineering Guidelines

2.4 FAA Publications:

Available from F
20591.

ederal Aviation Administration, 800 Independence Avenue SV, Wy

2.4.1 Federal Aviatigh Regulations, Airworthiness Standards (Parts 23, 25,27, and 29

2.4.2 Federal Aviatigh Regulations, Part 121 Certification and Cperations: Domestic, H

Supplemental

Air Carriers and Commercial Operators of LargecAircraft

2.5 Other Publications:

2.5.1 Joint Airworthi

ness Requirements (Parts 23, 25, 275%and 29)

2.5.2 Air Transport Association of America, Airline Jndustry Standard: World Airlines T|
Operations Glgssary (WATOG) - 8th Edition

2.5.3 Air Transport Association of America, Maintenance Steering Group (MSG-3)

254 ARINCG604, G

Llidance for Design and Use of Built In Test Equipment

2.5.5 RTCA/DO-16( Environmental Conditions and Test Procedures for Airborne Equ

256 Federal Inform
Verification an
(NIST)

lation Processing Standards (FIPS) PUB 101, Guideline for Life C
H Testing of Computer Software, National Institute of Standards a

ashington, DC

Hlag and

echnical

pment

ycle Validation,
nd Technology

2.5.7 PB82-209172, A Survey of Software Validation, Verification and Testing Standards and Practices
at Selected Sites, National Institute of Standards and Technology (NIST)

2.5.8 NATO Standardization Agreements (STANAG)

2.6 Terminology:

The terminclogy of ARP147 should be used where applicable. Further terminology may be found in
ANSI MC85.1M-1981.
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Definitions:

The following definitions apply to the special items related to automatic temperature controls as used
in this document. In addition, the various control schemes are defined in Section 4.

ACCURACY: The degree to which the controlled temperature approaches the steady-state set point

value. Itis usua

lly expressed as +/- a given amount.

ANALOG SYSTEM: A continuous time system. A system where all signals can change continuously

with time.

ANTICIPATION: A means of sensing that some modification of controller action is necessary before

the main sensing-sletm

rate of change o

CLOSED LOOP
controller acts o

CONTROL ACT
of the controlled

CONTROL AMPLIFIER: The device which mixes the signals from the input and fqg

detects an error
CONTROL POIN

CONTROLLED
such as a valve,

COOLING EFFE

CONTROL: A system where the control action is dependenton th
1 a process in such a way to correct an error detected by direct m

ON: The act of changing some variable (position{power, etc.) to ¢
temperature.

f there is one, and causes a correctionte 'be made.
IT: The actual value of the controlled temperature at which the sys

DEVICE: The final element which is under the direct control of the
damper, programmer, oravresistance heater.

CT: The ability of afluid stream to carry away heat. Fora given f

function of temp

CORRECTIVE ACTION: Controller output which results in a change in controlled t

direction of the

CRITICAL DAMPING:Exponential convergence to stable, steady-state operation.
of the system chigracteristic equation are real and identical, it is considered to havi

rature and mass'flow.

ntrol paint:

d by sensing the
e output. The
basurement.
sffect a correction

edback devices,

itemn is controlling.

control amplifier,

uid, this is a

emperature in the

When two roots

b critical damping.

DEAD BAND: The complete range of values of the controlled temperature in which no corrective
action will be taken by the controller.
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2.7 (Continued):

DIFFERENTIAL: When applied to two position control action, it is the difference between the value of
the controlled temperature at which the controller operates to one position and that value of
controlled temperature at which it operates to the other position. When applied to a control with a
dead band, itis the difference between the value of the controlled temperature at which the controller
action in a given direction is started and the value at which it is stopped. The differential is not
necessarily the same on both sides of null.

DIGITAL SYSTEM: A system where inputs and outputs of the system are discrete data time
sequences.

inherent control

ERROR: The difference between the reference or selected value and the actual or sensed value.

FEEDBACK: Th¢ property of a closed loop system which allows comparison of the output of a
system to the input (reference) to allow for a control action to take(place.

HYBRID: A combination of two or more integrated circuits (1Cs)'in one package. A jcombination of an
analog and digital computer.

NEUTRAL ZONI: Same as dead band.
NULL: An error whose value is zero; in this situation, there is no input to the controller.

OPEN LOOP CPNTROL: A system wherethe control action is independent of theloutput. A
feedback contro| system which has beenbroken at some point in the signal path.

PROPORTIONAL BAND: The total amount of change in the controlled variable required for the

controller to move the controlleddevice through its complete stroke. That is, the gmount that the
control point of the system ean*be changed by varying the controlled device over ifs entire range.
Also called throtlling range:

PULSE BAND: Thattange of controlled variable over which the final control device is pulsed to take
corrective action T

PULSE MODULATION: A method of varying the rate of corrective action as a function of error by
moving the final control device in discrete steps. See also Pulse Band.

RESET: Ancther term for an integrating control function. Also used for any control characteristics
which eliminate droop in a system.

RESPONSE: A quantitative expression of the output as a function of the input under conditions
explicitly stated.
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3.

3.1

(Continued):

RESPONSE TIME: A measure of the time required to complete some part or all of a required action.
The 63% point is commonly used: e.g., the time required for the cabin air temperature to reach 63%
of the total change which results from a step change in the supply air temperature; this is the typical
definition of the time constant.

SAMPLED DATA SYSTEMS: A system that does not continuously update information, normally a
digital/discrete system. In general, a sampled data system includes a data hold device, inserted
directly following the system, to preclude high-frequency components inherent in the sampled signal
from disrupting the controlled parameter or controller operation.

SENSING ELEM
that can be utiliz

viding an output

SENSITIVITY: In a sensing element, the ratio of change in output to a spegified change in input.

SET POINT: That value of the controlled parameter to which the selecting device is adjusted,
representing the|desired value of controlled variable.

THRESHOLD: In a system or component, the smallest signal input capable of causing an output
signal having depired characteristics.

TRANSFER FUNCTION: The mathematical expressien relating the output to the input of a control
system or compgnent thereof.

CONTROL SCHEMES:

Various schemes fare available for automatic control of temperature. Each scheme produces a
different kind of cqntroller output in the presence of a given error. It is the purpose df this section to
briefly describe thgse various schemes or approaches to temperature control and to|draw conclusions
concerning each scheme.

On/Off Control:

As its name implies;the final controlled device can assume only two output states ps dictated by the
controller output|being either on or off; also known as a "bang-bang" control. Typigcally this is an
analog controller.

The controller, for mechanical reasons, possesses a differential. For example, a bimetal actuated
thermostat with an electric output will usually require a temperature change of at least 1.5 °F (0.8 °C)
to move the contacts from open to closed or vice-versa.
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3.1

3.2

3.21

3.2.2

323

(Continued):

The controlled temperature will oscillate as the controller goes from on to off to on; and if the system
has little or no thermal capacitance, the amplitude will be equal to the differential of the controller.

The frequency d

epends on the differential and the time constant of the system. In

a fast-responding

system, a deliberately large differential may be necessary to prevent undue wear on valves,

contactors or other elements in the control loop.

If the system has thermal capacitance, e.g., an

electric heating element plus the material in which it is imbedded, the capacitance will continue to
emit heat to the controlled space and the temperature in the space will continue to rise even after the
controller has turned to "off".

This overshoot, when added to the amplltude caused by the dlfferentlal can produce objectionable

swings in the co

lead-lag network

Floating Control;

A control schem

Single Speed |

reverses when
sensed tempe
other disturbar

The speed of {
the system is 2
speed coupled
from set point

These considerations impose an upper limit on the floating speed. This in turn im

in the presenc

Proportional S
floating. Here
low for small e

s can be used to minimize these overshoots

b in which the rate of change of signal to the actuater depends on

the temperature is below the set point. The motor remains statio
ature is in the dead band of the controller. This will occur with no
ce to the system.

he motor (floating speed) relative to the time constants of the sen;s
n extremely important factorlin the application of floating control.
with a slow responding sensing element may result in overshootg
or unacceptable periods-of time or sustained oscillation.
e of rapid load changes.

beed Floating Control: A variation of floating speed control is proj

TOrS,

the motor speed is proportional to the error. The speed is high fof

rators and

the error.

loating Control: A reversible motor drives the final controlled device at a given
speed in one direction when the temperature at the sensing’element is above th

b set point and
hary when the
load change or

ting element and
A high floating
and departures

plies poor control

ortional speed
large errors and

Pulse Width Modulation Control: A control scheme wherein the controller output is a series of

pulses of varia
pulse as some

ble duration. The width of the "o
function of the error.

n" pulse is varied relative to the width of the "off"

When the total effect on the final controlled device is observed over a period of time, it can be seen
that the actual effect is that of one of the control schemes already described. For example, in a
pulse width modulation system wherein the final controlled device is a motor driven valve, the
motor may be driven by pulses whose width is proportional to the error. Therefore, the average
speed of the motor is proportional to the error, which has already been defined as proportional

speed floating

control.
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3.3 Proportional Control:

34

3.5

A control scheme in which the signal to the actuator is directly proportional to the difference between
the measured variable and its setpoint. In proportional control, there is a definite value of controller
output {and a definite position of the final controlled device) for every value of the error. The range of
error which causes full range of position of the controlled device is called proportional band or

throttling range.

The proportional band is usually adjustable within the controller.

In the presence of a load change, the controlled device must change its position to accommodate the
new load. This results in droop (or offset); i.e., the controlled temperature must depart from the set
point in order to move the controlled device. Droop is a normal characteristic of proportional control.

The amount of d

proportional ban

controlled tempsg

Reset Control:

The characterist
will be changed
control because

l increase
rature).

error plotted against time.

Reset control is

which would exig

sometimes added to proportional control for the purpose of elimin

correction as long as there is any error and resegbaction stops only when the error

A controller cont

reset rate. Reset rate is measured by the-ength of time it must persist to produce

that the proportiq
a given error) wd

nal control alone would produce immediately. A slow reset rate (

control alone. Conversely, a fastreset rate would require a short time to produce

that proportional
Rate Control:

The characterist

control alone:would produce.

c of reset control is that the controller output (and{position of final
ht a steady rate in the presence of a given errorXlt is sometimes ¢
its effect can be related to the integral of the.error or the area und

t with proportional control alone. _Reset control action continues {

hining proportional plus reset control will have adjustments for prop

uld require a long time to produce the same change as that of the

tontrolled device)
talled integral

ler the curve of

ating the droop
o provide
is zero.

ortional band and

the same change

n the presence of
proportional

he same change

c-of rate control is that the controller output (and position of final g

ontrolled device)

is a function of rate of change of error. If an error is present, but not changing, rate control has no
effect whatsoever on controller cutput. Because it produces no effect in the presence of a steady
error, rate control is always used in combination with other forms of control action. Rate control is
also known as derivative control.

The advantage of adding rate control is that it permits the use of a narrow proportional band without
inducing instability.
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3.6 Feedforward Control:

3.7

3.8

3.9

3.10

A control technique in which an anticipating correction signal is applied to input changes before the
output is affected.

Cascade Contro

An automatic control system in which various control units are connected sequentially such that each
control unit regulates operation of the next control unit in line.

Adaptive Control:

A control method in which one or more system parameters are identified on-line.an
feedback control signals in order to satisfy the control performance criteria of-to”im
response of the closed-loop system.

Decoupling Confrol:
A control method which minimizes the control interactions among the control loopg

and multi-output|system. As a result, the compensated multi-input and multi-outp
as if it is a family of independent, single-input and single-output control loops, eac

tuned by conve
Optimal Control;

Optimal control 4
index. The inde;
of the process, i
objectiveistom
bleed air and rar
Other possible o
bleed air pressu
response charag
temperature, pre

ional feedback control technigques.

lenotes the class of control laws which will minimize the selected
[, which describes the system objectives to be achieved and the pf
5 a function of the ECS process control and input variables. A cor
nimize the ECS operating energy consumption, and is equivalent
N air usage as well as ECS component horsepower and electrical
bjectives includethe disturbance rejection ability of the controlled
e variations, and rapid changes in the ECS operating environmen}
teristics ¢an also be used as an objective. Process variables may
ssure and flow.

Physical constrajnts may include process input supply and control temperature, flg

d used to vary the
prove dynamic

in a multi-input
system behaves
of which can be

performance
ysical constraints
nmon system
to minimizing
power input.
ECS against both
. ECS transient
include

w, and pressure

limits as well as individual component performance limitations, such as saturation. Examples of

performance ind

Settling time
Overshoot m

~paoTy

ices include;

Integral of the square of the error (ISE)

Integral of the absolute magnitude of the error {IAE)
Integral of the time multiplied by absclute error (ITAE)
Integral of the time multiplied by the squared error (ITSE)

agnitude
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3.10 (Continued):

Many complex mathematical techniques are available to compute the optimal control laws. These
include linear and nonlinear programming, stochastic programming based on the theory of
probability, gradient optimization and optimal control theory. Extensive numerical computation is
required to generate the solution for a specific problem. The most commonly known solution is the
optimal regulator. It is derived using a branch of optimal control theory in which the ECS to be
controlled is described by linear differential equations and the performance index to be minimized is
the integral of a quadratic function of the ECS variables and control inputs (a generalized ISE for the
multi-input and multi-output system). It is also known as the linear quadratic regulator {LQR).

4. DYNAMIC ANALYSIS:

ent temperature control system designs should be subjected to.a dhorough dynamic
e system stability and transient response characteristics. This-is accomplished by
cal model that defines the gains and dynamics of each sighificant|element of the

| discussion of equipment gain, compartment gain, and<a typical gompartment
included in the temperature control system designsection of AIR[1168/6.

Aircraft compartm
analysis to evalua
using a mathemat
system. A detaile
transfer function ig

Dynamic analysis |s usually accomplished using both graphical methods and computer simulations.

4.1 Graphical Methads:

le leads and lags,
h the use of

plot that relates
prk simulates)

5, root locus,

Since temperatufe control systems, for the most part,.ibvolve the cascading of simp
the direct graphigal method of accomplishing gain_multiplication is possible throug
classical controltheory such as Bode diagrams.CA Bode diagram is a specialized
how the amplitugle and phase response of a‘network (or of a system that the netw
varies with the frequency of excitation. Graphical methods such as Bode diagram
Nichols, and Nyquist plots can be found in'texts on classical control theory.

4.2 Computer Simulation:

Analog computef simulatiomhas been replaced by pure digital simulation and hybfid analog/digital

simulation due t¢ advancéments in high speed digital computers. Also the increas
microprocessor-based temperature control systems has favored digital simulation.
computer simulation-prévides a practical design and analysis tool using a high spg

ed use of
Pure digital
ed digital

computer. Spedalty hybrid computers allow real-time simulation capability as wel

as provisions for

software verification. For complex temperature control systems, it is recommended that digital
computer simulation be utilized during the initial design phase, followed by real-time simulation using

a hybrid computer.
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Digital Computer Simulation: Computation of gain and phase lag characteristics for a typical linear
representation of a system can usually be accomplished using a generalized digital computer
program for expedited analysis of the general dynamic behavior of the system. A detailed
nonlinear digital simulation of the control and process is usually created for system performance
evaluation, in addition to the linear analysis. The simulation covers most of the nonlinearities that
are pertinent to the system stability and dynamic response. Nonlinearities such as friction in the
valve/actuator, hysteresis or dead band between the valve position and the control signal, and
nonlinear sensor responses are often represented in detail for a valid dynamic performance
evaluation.

The advantage over analog or hybrid analog/dlgltal S|mulat|on is that speC|aI|zed computing
equipment is a8 chthe topology of a
network of preeflned component models New concepts can be tried, controlisghemes
investigated, ahd both transient and steady-state performance can be dem@enstrated faster and
easier than bylanalog simulation or with breadboard or prototype hardwate:

The dynamic jimulation and analysis can be accomplished using tools such as the Environmental
Control Analysis System (EASY) computer program described in AIR1823. The|EASY program
allows simulatipn and dynamic analysis of a temperature contrel system by use ¢f standard,
preprogrammgd component subroutines within a program library. Standard components within the
EASY library which could be used to simulate the cabin temperature control sysfem include:

a. Transfer functions and generalized controls

(1) First orfler lag

(2) Lead-l9g

(3) Seconq order transfer function
(4) Proporional plus integral (PI) controller with or without derivative feedbagk
(5) Integrator with saturation

b. System controls

(1) Cabin temperature.gentrol
(2) Cabin thermal model
(3) Temperature sensor

¢. Ducting components
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4.2.1 (Continued):

422

d. Miscellaneous

Switches

Analytical function
Function generator
Arithmetic functions
Saturation

(1)
(2)
(3)
(4)
(5)

The transfer function and generalized controllers are useful building blocks which can be used to
model a control system. Generalized controllers such as Pl and integral control with a feedback
limiter are preprogrammed for easy usage. To give an accurate dynamic representation, a detailed
model of a givén controller should be constructed, but the more significant dynamic effects can be
reproduced with the standard controllers. The standard cabin temperature cantrol receives cabin

and supply airftemperatures as inputs, and outputs the mixing valve angle(which
temperature of{the supply air. Control features include integral controltd@chieve

controls the
zero steady-state

error and temperature anticipation to improve control dynamics. The gabin thermal model
determines thg overall energy balance for a cabin, including the effects of enthalpy inflow and

outflow of air, heat generated by equipment and personnel, heat transfer throug
and heat storage in the cabin air, equipment and walls. Temperature is detecteq

the cabin walls,
by a thermostat,

and its current|is an input to the controller, the output of which positions the butterfly valve. The

ducting compdnents are used to model the inlet, supply;-trim air, exit and valves
The miscellangous functions allow switching, generation of analytical functions ¥
modeling satugation to limit cutput from a controllerto within prescribed values.

in the system.
ith time, and

For a more

detailed discugsion of the general features of the'EASY program, the program capabilities,

organization, limitations, sample problem, and-access to the program, consult A[R1823.

Hybrid Computer Simulation: Simulation hardware, consisting of hybrid analog/digital computers
have been developed to provide real-time simulation capability for microprocesspr-based
temperature cgntrol systems. Ingeneral, a mix of digital and analog elements arg contained within
a typical controller implementation or dynamic system simulator. Partitioning befween digital and
analog sectiong is mainly dependent upon the frequency spectrum of the event fo be simulated.
Rapid events, ¢ontaining-high frequencies, are implemented on wide bandwidth ahalog computers.
Slower phenomena can-easily be represented with a discrete simulation on a digital mini-
computer. An|important advantage of using a hybrid simulation is that after the $ystem is

simulated on the-computer, the controller hardware can be connected to the computer simulation
for software verification: =ti i i it s the following

benefits;

a. The capability of systematic controller development
b. The capability of interfacing with hardware such as a microprocessor controller and actuator
¢. Facilitates parametric studies for controller and system optimization

Additional information on hybrid computer simulation, the methodology for creating a dynamic
simulation library, and an example of controller development and software validation is available in
SAE Paper 820867 .
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5. ACCURACY OF CONTROL:

5.1

The specification of control system accuracy must necessarily be a compromise between cost,
complexity, the degree of accuracy possible and the degree of accuracy that is practical and usable. It
is generally considered that systems which maintain the temperature within £1.0 °F (£0.5 °C) of the set
point at the location of the sensor are as accurate as is practical for comfort in occupied compartments.
In equipment compartments it is usually sufficient to maintain £5 °F (3 °C) and many times £10 °F
(5.5 °C) will suffice.

Systems which include a set point selector should be primarily considered from the aspect of how well
the temperature is maintained around the set point. The accuracy of setting the set point is of
secondary importance.

Control system acturacy is determined by the following basic contributors to system| error:

AR NSRS

The system specifjcation must include these basic terms:

a.
b.
c.

d.

Initial manufacturing tolerances
Drift with time
System sensitipvity

Type of contro| action

The adequacy|of air distribution
Transient respphse

Steady state agcuracy
Damping (ovelshoot and time to return to within some limit for specific transient disturbances)

The location of the controlled variable (ductitemperature, compartment temperature or exhaust
temperature)
System input donditions and transfer function

The designer mus{ decide at which lo¢ation the temperature most accurately represents the effect on
occupants or equipment. It has been found that for small occupied compartments with high heat loads
and where personpel are quite ‘exposed to the inlet air, the delivered air temperaturg is often the best
parameter to contijol. Conversely large compartments with good distribution are best controlled by
sensing exhaust ajr temperature. The temperature is controlled at some point in the compartment on
many aircraft if thgre is,h6 point at which outflow air temperature can be measured gr if, because of
poor distribution, gxhaust air temperature does not adequately represent the temperature at the point
of greatest effect on occupants.

Static Accuracy:

Static accuracy can be defined as the degree to which the controlled temperature coincides with the
specified or selected temperature after all transients have decayed. Static accuracy is usually
specified as a deviation from nominal (e.q., 70°F £ 1 °F (21°C £ 0.5°C) fora 2 °F (1 °C) tolerance
band).
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5.1

52

6. SYSTEM DESIGN

(Continued):

The control system designer usually allocates the allowable tolerance to cover such things as:

Dead band

Set point cali

op o

Drift (sensor and controller)

bration error

Uncompensated system droop

It is sometimes desirable to specify the accuracy in terms of absolute accuracy and repeatability.
This is particularly true when the system includes a temperature selector. The selector dial is often
not precisely graduated and in fact sometimes is simply labeled "Hot" at one extreme and "Cold" at

the other. Intha
very important.

Dynamic Accura

Dynamic error ig
adds algebraical
the same transig

The following faq
errors due to all
due to a selecto

a. Ratio of airflg
b. Duct and coq
c. Sensing tims

The ratio of airflg

y:

that part of the total error which is due to a transient condition. T
y to the static error. In most practical control systems the dynam
nt conditions, exceed the static error.

tors are the largest contributor to dynamiczerror, though they do n
ypes of transients, (e.g., the compartment response time adds to
change, but reduces the dynamic errfor to a supply temperature

w to compartment volume
ling pack time lags
lags

w to compartment ¥glume effects the compartment time constant]

contributes to dynamic error for selector changes, but reduces the error due to sup

changes. Duct 3

nd cooling package time lags contribute to the error except for chz

condition. Sensing lags contribute to the dynamic error in all transient conditions.

always adds dyn

amic errory but must be limited for stability in many cases.

REQUIREMENTS:

peatability is still

he dynamic error
c error will, under

bt all contribute to
the dynamic error
hange).

' as such it
ply or load
nges in supply air
Valve stroke time

Design requirements should be in accordance with the detail specification for the system and
applicable industry and government specifications. Compliance with the design requirements should
be demonstrated by conducting appropriate tests as outlined in Section 9.

6.1

Environment;

The components of the system should be designed for exposure to a range of environmental
conditions including temperature, humidity, altitude, salt spray, fungus, sand and dust, czone,
explosive atmosphere, attitude, acceleration, vibration and shock as specified in the detail

specification.


https://saenorm.com/api/?name=ef03947068ad032f94c0d4558d3c39f0

SAE ARP89D Page 17 of 40

6.1 (Continued):

Consideration should be given to condensation and freezing of water in ducts and servo air lines,
and contamination of components with tobacco tar.

The environment of individual components of the system depends on their location in the aircraft.
Externally mounted components are exposed to both the natural environment at ground level and
the environment produced by the aircraft flight speed and altitude characteristics. Internally mounted
components are exposed to the compartment environment which may or may not be controlled while
in flight. An appropriate range of environmental conditions for each component should be specified
by the aircraft manufacturer or the equipment procuring agency.

6.2 Function;

Systems of any flegree of complexity can best be broken down into more managepble blocks by
individual functign. The specification using this approach to the system design regults in a simpler
design process, pnd is more in tune with digital control systems, where software configuration
becomes a key factor. Functionally, a temperature control system may-be composed of a
combination of the following individual control loops:

a. Air Systems:

(1) Precooling of bleed air

(2) Flow confrol of ram air

(3) Turbine flow control

(4) Turbine anti-ice control

(5) Source sglection/mixing control

(6) Recirculgtion mixing control

(7) Trim confrols

(8) Individua] zone temperature controls

b. Vapor Cycle|Systems:

(1) Compressor inlet superheat control

(2) Compressor speed-éontrol

(3) Compressor surge control

(4) Evaporatpr flow/coolant temperature control

(5) Evaporatprflow/air discharge temperature control
(6) Condenser sink femperature conftrol

(7) Hot gas bypass control

Hybrid systems will include control loops from both of the above groups.

An example of a temperature control system is the individual zone control of a transport aircraft. This
example is illustrated in Figure 1 (system arrangement) and Figure 2 (control block diagram).
General temperature control requirements and recommendations for passenger compartments can
be found in ARP85 for transport category airplanes and in ARP292 for commercial helicopters.
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FIGURE T - Cabin Temperature Control system
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FIGURE 2 - Cabin Zehe Temperature Control
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6.3

6.4

6.5

6.5.1

6.5.2

6.5.3

Performance:

The design requirements should specify static operational performance (see 5.1) and dynamic

behavior (see 5.2).

System Complexity:

The complexity should be the minimum required to meet the specified levels of control performance
and complete functionality. A high degree of control system precision tends to increase complexity

and cost,

Specification of Temperature Control Requirements:

The specification of temperature control requirements should include requirements
selection, stability, transient response, system isolation, and overheat protection.
requirements arg¢ applicable to cabin temperature control:

Temperature Selection: The system shall be capable of automatically controlling
temperature tg the cabin zones during in-flight and ground operation in response
temperature sgtting selected for each individual zone. Each electronic controller
zonhe duct temperature signals and automatically use the coldest of the zones fo
conditioning pack discharge temperature. Depending on how pack flows are mix
to cabin and flight station zones, the coldest zonesmay control one, two or all air
discharge temperatures. This permits a dedicated pack to be used primarily for

supply.

Stability: Operation of all automatic controls will result in stable operation of the
limit cycling allpwed in any component system parameter.

Transient Response: With conditions changing at any possible rate over the full i
conditions, all glements of the system shall exhibit smooth response with minima3
low settling time.

Specifically, the following transient limits are typical recommendations during an

b for temperature
The following

) conditioned air
to the

shall receive all
I controlling air
ed for distribution
conditioning pack
flight station

system, with no

ange of operating
| overshoots and

y normal

operation.

Transient air temperature in any of any distribution ducts shall not exceed 180 °F
not exceed 165 °F (74 °C) for more than 10 s during one change in operating co

When the cabin temperature selector is rotated to a new desired temperature se
mode), the cabin temperature control system shall operate to bring the temperat

(82 °C), and shall
nditions.

tting (automatic
ure at the

corresponding zone sensor to within 1 °F (0.5 °C) of the new setting within 5 min, unless limited by

the capability of the air conditioning equipment. Overshooting shall be limited to

a maximum of

1°F (0.5 *C) or 10% of the change in cabin temperature required to reach the setting, whichever is

greater.


https://saenorm.com/api/?name=ef03947068ad032f94c0d4558d3c39f0

SAE

ARP89D

Page 21 of 40

6.5.4 System Isolation: The power supply for control of the automatic mode shall be independent and
isolated when multiple air conditioning packs are used. A single failure in the cabin temperature
control system shall not cause the loss of automatic temperature control in all zones for a cabin

with multiple zones.

6.5.5

6.5.6

6.6

6.6.1

6.6.2

6.6.3

QOverheat Protection: Overheat protection shall be provided which will result in automatically
limiting the supply air temperature to 160 °F (71 °C). Closure of the hot air supply shall occur at

190 °F (88 °C)

inlet temperature.

Manual Temperature Control: A manual temperature control override shall be provided to permit
modulation of the hot air inlet into the cabin.

Temperature Sg

Temperature co
measured to effe
generally the mg
in flight decks, p
Duct temperatur
downstream of h

Rate of Chang
sometimes ne
change of the

compartment ¢

hsing Requirements:

hitrol systems require that compartment and/or duct temperatures
ct accurate compartment or duct temperature control, since sens
jor contributor to overall system inaccuracy. Compartment sensof

b sensors may be mounted in ducts such as inletand outlet ducts
eat exchangers, and in mixing ducts downstream of cooling turbin

cessary to apply corrective action in the control loop as a function
luid temperature in a duct control,\or the rate of change of the inlg
ontrol.

The sensor signal is supplied to a differentiating circuit in the controller to provids

signal. Two s
permit a narro

Measurements
temperature as
parameters ca

Types of Sens
temperature c¢

nsors with different time-constants can be used to generate lag-ls
ver control band.

Other Than Temperature: It is sometimes desirable to reset the
- a function-of'some parameter such as altitude, pressure, airflow,
N be sensed by sensors compatible with the control system.

brsi~IThe most commonly used temperature sensors for electronic

be accurately
DI error is
s may be located

hssenger compartments, cargo compartments, and)electronic equipment bays.

to compartments,
as.

e of Temperature: In order to improve system performance or stability, it is

of the rate of
t airin a

e a rate of change
ad signals which

control
etc. These

(analog or digital)

ntrol systems are the thermistor type for temperatures up to 250

F (121 °C) and

platinum wire coil type (RTDs) for temperatures above 250 °F (121 °C). Both of these sensor types
provide a resistance change with temperature, and allow tailoring of the sensor time constant to fit
the application. The thermistor is a high resistance negative coefficient sensor, while the RTD is a
low resistance positive coefficient device. The resistance signals are used in a controller bridge
circuit to obtain the temperature measurement. For accuracy, the RTDs use a 4-wire connection
because of the low sensor resistance values to allow compensation for wiring resistance error;
thermistors use a 2-wire connection since wire resistance is small compared to the resistance
values of this type of sensor.
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6.6.3 (Continued):

Pneumatic temperature sensors are used for pneumatic temperature control systems. One
commonly used type is a bi-metal type in the form of a rod and tube, where the tube is in direct
contact with the airflow. Expansion of the tube relative to the rod (usually Invar) varies the servo
pressure proportional to the duct temperature. Silicon fluid filled sensors are also widely used in
pneumatic temperature sensor applications. A capillary tube is filled with a silicon fluid. The
expansion of the fluid displaces a bellows which varies sensor pressure. The capillary type tube
maximizes sensed surface area with respect to fluid volume which minimizes response time;
response times less than 5 s are achievable.

6.6.4 SensorlLocation:

6.6.4.1 Adequate Velocity: In order to minimize the time constant, adequate velocity should be
maintained gcross the sensor. In a compartment where velocities are low;a small fan should be
considered gand it would usually be located downstream of the sensor.

6.6.4.2 Stratification| The temperature sensor should not be located too close to the qutlet of a heat
exchanger where the airflow is not properly mixed.

6.6.4.3 Local Heating or Cooling Influences: The sensor should net be located wherelit would be

6.6.4.4

subjected to
mounting su

Thermal Ragd
sources of th

ocal heating or cooling. Thermal barrierscare used between the s
face to prevent conducted heat from causing an apparent change

iation: In certain applications, it may be necessary to shield the g
ermal radiation.

ensor and its
in the set point.

ensor against

6.6.4.5 Effect of Compartment Pressure: The'sensor, if affected by changes in compartment pressure
(as in some pneumatic sensors), should be protected from or compensated for such changes.
6.6.4.6 Accessibility] Sensors should'be positioned and located where they may be easily removed for

6.6.5 SensorDesign:

6.6.5.1

6.6.5.2

testing, repldcement or cleaning; this is especially true for compartment senso

Time Constant: «Thé time constant is a critical parameter in sensor design and
performanc:r:lemd stability. Generally, if the time constant of the sensor can be

[S.

affects system
made small

compared to the time constant of the remainder of the control loop, the stability of the system will
be improved.

Protection from Environment: Sensors must be designed to withstand high humidity, sand and
dust, altitude, condensate or other environmental conditions. Duct sensors must also withstand
impingement of foreign objects such as ice or sand, and must withstand buffeting and vibration
from airflow. Compartment sensors should be protected against airborne contamination by a

cleanable gri

lle.
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6.6.5.3 Calibration and Stability: Sensors should be designed to maintain calibration and stability during
their operating life. Calibration shifts should not occur when the sensor is subjected to stresses
applied as a result of mounting or installation. Consideration should be given to prevention of

calibration shifts due to stresses outside of normal operating range.

6.6.5.4

6.6.5.5

6.6.6 Mounting Proy

6.7 Actuating Systemn:

6.7.1

Self-Heating: When resistance type sensors (thermistors) are used as one leg of a Wheatstone

bridge, power is dissipated which causes a temperature rise of self-heating. Sensors with
excessive self-heating become sensitive to fluid velocity which introduces an error in their
sensed temperatures.

lag the input
system insta
compensate
constant of t

should not be

The actuating sy
actuating systen
saturation level ¢
available for drivi

The three types

Dility. Ant|C|pators or rate control devices can be added to the cor
for these lags and produce system stability. Care must be taken
nese devices is not affected by such contaminations as dirt and to

sions: Sensors should be designed for installationavith standard
sUsceptible to resonant vibrations.

=

stem converts the control signal into a force or motion to position
's performance depends upon the inertia, friction, compliance, de
f the actuator and its load. It also\depends upon the characterist
ng the actuator.

Of valve actuators most commonly used for temperature control sy

pneumatic, electropneumatic and electric-motor drives.

Pneumatic Actuators: A simplified schematic of a typical pneumatic actuation sy
temperature control system is shown in Figure 3. A regulated supply pressure is
orifice restriction A;.
the controlled femperatare varies, the A, restrictor area increases or decreases
recovered pregsure between the restrictions varies proportional to measured ten
pressure appligd to.the pneumatic actuator generates a force which opposes thg
force. Motion pfthe actuator occurs until the pneumatic forces are in equilibrium

Thewvariable A, restrictor represents a pneumatic temperaf

Thermal Lead or Lag Dewces Normally a sensor has thermal capaC|ty and its output signal will

loop can cause
trol loop to
o that the time
bacco tars.

tools. Mounting

a valve. The
ad band, and
cs of the power

stems are

stem in a
applied to an
ure sensor. As
s desired. The
nperature. This
actuator spring

with the spring

force and the force reflected by the load. Pneumatic actuators are either diaphragm or piston type.
Diaphragms offer the advantage of zero leakage and low friction for ambient temperatures below
300 °F (149 °C). Nomex fabric backed diaphragms with high temperature elastomers are
frequently used. Diaphragm pistons may be free floated permitting self centering of the diaphragm
or they may be mechanically guided. Conventional piston actuators are also used with various
seal configurations. Teflon bridge seals are frequently employed with either metallic or elastomer

energizers.
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SUPPLY
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FIGURE 3 - Pneumatic Temperature Control System
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6.7.2 Electropneumatic Actuator: Figure 4 shows a conventional torque motor actuated valve operating

6.7.3

within an electropneumatic temperature control system. Temperature is sensed by a resistance
type sensor. This signal is detected by an electronic controller and summed with a reference
temperature. The resulting error signal appears at the output. The output signal is processed by a
current amplifier to assure constant torque motor current independent of coil resistance. System
dynamic compensation is accomplished within the controller.

As torgue motor current increases, the torque motor flapper moves away from the regulated supply
pressure nozzle toward the vent nozzle. The recovered pressure is supplied to the valve actuator.

In general, torque motors of this type recover approximately 80% of the regulated supply pressure
when the flapper is agalnst the vent nozzle Thus, a proportional relatlonshlp of actuator pressure

Page 25 of 40

versus torque m

produces a for

valve until the 1

Valve friction dr hysteresis can result in excessive temperature contrgl system d

hysteresis. In
system. To pr
Figure 5 is the

bvent instability, valve position feedback is sometimes introduced.

position feedbdck has been added.

As the butterfly

rotates clockwise, the position feedback spring force decreases.

torque motor clurrent level, this decreased spring force causes the flapper beam

from the nozzl

e, This action causes the actuatorpressure to decrease. Small b

Ce WhICh is reacted by the sprlng forces and valve aerodynamlc fc
orces are in balance.

same cohcept depicted in Figure 4 except that aldirect mechanic

actuator diaphragm
rces moving the

bad band or

A high gain system, valve friction can produce instability in a temperature control

The schematic of
| method of valve

With a given
to rotate away
utterfly position

errors can progluce substantial changes in actdator pressure through the position feedback loop.

This high gain

Valve position
potentiometer
signal of valve

Electromechar
control valves

feedback path significantly reduces valve hysteresis.

feedback can also be implemented in the electronic controller by
br rotary variable transducer (RVT) on the actuator shaft to provid
position.

ical Actuaters® The vast majority of electric actuators utilized to d
are of the rotary type. These actuators are configured with an ele

speed reductign geartrain, and usually other elements such as feedback device

limiting provisi

bnseOther elements may include mechanical or electrical torque

manual overrige-capability. Feedback for control purposes and position indicatig
such as tachometers, RVTs, and potentiometers. Stroke limiting is usually accomplished by limit
switches {mechanical or electronic), electronic control from feedback devices or mechanical stops.

Ising a
£ an electrical

rive temperature
ctric motor, a

5 and stroke
imiting and

n utilize devices

The prime power conversion device in the actuator is the motor. The following types of electric
motors or variations of them are commonly used to drive temperature control valves.
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FIGURE 4 - Electropneumatic Temperature Control System
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FIGURE 5 - Electropneumatic Temperature Control System with Posit

ion Feedback
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6.7.3

DC servomotor

Brushless DC servomotor

(Continued):

a. AC servomotor
b. Brush type

C.

d. DC stepper motor

AC servomotors used for temperature control valves are basically induction motors modified to
provide the necessary speed torque characteristic by careful design of rotor resistance. These
motors are sometimes specified because of the availability of the aircraft's single phase 400 Hz AC
power supply. The standard AC servomotor is a two-phase reversible induction motor
incorporating two stator W|nd|ngs and a squwrel cage rotor. A capaC|tor connected between the

windings conwvs
motor. The m
providing the r

Brush type DC

tor dlrectlon of rotation is controlled by energlzmg elther W|nd|ngs
bquired phase shift to the other windings.

or permanent magnet. The wound field DC motors can be shunt, series, or com

These motors

have wound armatures as well as wound stator figlds. The series

the armature and field connected in series. For bi-directional motion, split-series

incorporating t
torque and a v

o field coils, oppositely connected are used.\The series motor h

shunt wound motor has the field and armature connected to the power supply in

split series mo
motion. The s
except at highs
both series an
winding provid
Because of thq
bi-direction op

which requireJn
I

dissipation is
characteristics

The DC brush
require no eleq

or, the shunt motor can be configurediin a split shunt mode for eas
peed-torque curve characteristics. offer better speed regulation tha
er current levels where the torque drops dramatically. The compo
| shunt field windings. Thisyhotor has a powerful starting torque.
Es a relatively flat speed-tarque curve providing fair regulation at t

complicated configuration of the windings rather complex circuitg
bration. In all of the.wound field motors, non-linear characteristics|

s0 a concerndue to inefficiency coupled with low conduction and

trical'power be supplied to provide field energization. These mot

linear speed-tqg

rque relationship over the entire range allowing for simple control

ore complex feedback circuit elements to effectively provide good control.

he AC induction
with the capacitor

servomotors utilized for valve actuators are separated into two families; wound field

pound wound.
wound motor has
motors

as high starting

bry nonlinear speed-torque relationship that complicates control régulation. The

parallel. Asinthe
e of bi-directional
N the series motor
Lind motor has
The compound
he load point.

are required for
are exhibited
Heat
radiation

permanent magnet (PM) motor has a stator consisting of permangnt magnets that

brs exhibit a very
circuits. The PM

motor has high starting torque especially with the advent of the earth magnets now available.
Demagnetization of the PM field is now almost non-existent due to the rare-earth fields. Simple

circuitry can be utilized to provide control.

Braking is easily accomplished by shorting the rotating

armature after power has been removed. Also, static braking can be obtained through "slot lock” of
the permanent magnet motor. The PM brush motor offers low cost, simple regulation, compact
size and low total system weight for the servo application. Brush type DC motors require periodic
maintenance or replacement because of wear of the brush and commutator; internal heat
generation can also be a problem due to the poor conduction characteristics of the wound rotor.
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6.7.3

6.8

(Continued):

Brushless DC (BLDC) motors offers the servo designer a motor with PM brush characteristics
without the brush/commutator wear problems and permit better heat dissipation. These motors
have permanent magnet rotors with wound fields. The brushes are replaced with electronic
commutation by sensing rotor position through Hall effect devices, absolute encoders, resolvers,
syncros and back EMF effects. The units produce greater torque to inertia ratio, less EMI, longer
life, greater reliability and better thermal characteristics. The disadvantages include complexity,
cost and a higher torque ripple, especially at low speeds, that is not prevalent in the brush PM

motor.

Stepper motors are another brushless design utilized in temperature control valve actuators

because of th

d drivers. A

stepper motor
poles. The rot
actuators can

closed loop mq

i-sinple-construction-and-theircompatibility-with-digitally-controll
consists of a laminated steel stator with a series of field coils wau
br is typically a permanent magnet with toothed iron end caps, -5t
be used in open loop mode or combined with position transducers
de. Stepper motors require special driver circuits to translate a i

output signal igpto high power signal coded appropriately for the metor: These dn

frequently conf
initialize valve

The technigue
the open-loop

variable loadin
unless the valy
motor actuator
is the most coq
excellent spee

Overall, there
control valve.
as speed-torq
conditions, cod

Controllers:

Pneumatic contr|

ain acceleration and deceleration ramp compensation. In open Id
position at power-up, and counting circuits trackvalve position by
is reliable as long as stepping rate is carefully'controlled. Stepper
mode must be sufficiently derated for operation in high performan
0 conditions. Steppers have the added<characteristic of failing in

e load is sufficient to overcome the miagnet detent torque of the a
s are either variable reluctance, permanent magnet or hybrid type
tly actuator but generally provides higher torque capacity, better s
H capability.

hre many choices available to the designer for motors to power th
Each type has certaintadvantages depending on the application co
e requirements,-load predictability, duty cycle, control needs, env
t, reliability, system compatibility and service life.

nd on the stator
Epper motor

in a conventional
icroprocessor
iver circuits

op, controllers
counting steps.
motors running in
ce systems with
he last position
ctuator. Stepping
. The hybrid type
tep accuracy and

e temperature
nsiderations such
ronmental

bls and analog or digital electronic controllers are used in temper

systems to provi

ture control

Hethe control functions and regulate the pneumatic or electrical ppwer required to

modulate the temperature control valve in response to the temperature sensor signal.

Pneumatic controls are generally part of the actuator and temperature sensor assemblies, and
function by modulating orifices in a pneumatic circuit to control servo pressure to the actuator. The
characteristics vary over a wide range depending on the detailed input configuration and output
power requirements. The pneumatic controls/valve actuator can be configured to provide either
proportional or integral control. Fluidic devices form a special class of pneumatic controls,
performing an amplifying function by using dynamic effects of moving fluid.
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6.8

(Continued):

Electronic controllers are used for electropneumatic and electric motor actuators. In
electropneumatic systems, the electronic controller provides the control logic and drives the torque
motor, which in turn regulates the servopressure used to power the pneumatic actuator. In electric
motor systems, the electronic controller provides the control logic and regulates the electrical power
required to drive the electric motor actuator.

Analog electronic controllers are based on operational amplifiers. The operational amplifier is a solid-
state integrated circuit having good stability and high immunity to oscillation, generally achieved by

using a large amount of negative feedback. These operational amplifiers are used to perform analog
control functions such as summing, integration and dynamic compensation, and to amplify low level

Page 30 of 40

transducer sign

Digital electronig

le for acithar monitorina-orcontral functicons
+So-s8iReRCRoHARG-61 O RGHO RS-

controllers are usually based on a microprocessor. The miéfoprd

state, large scalg integrated circuit which contains the arithmetic and logic function

computer. The 3
functions requirg
It is the central ¢
circuits, such as
function.

Several types of
controller to ach
proportional, intg
actuating systen

equence of operations can be programmed to perform‘calculation
d for complex control functions, schedule, dynamic.compensation
ontrol element within a digital controller and usually requires peri
memory and input/output interface devices to.perform the temper

cessor is a solid-
s of a digital

s or logic

and built-in-test.
bheral integrated
nture control

compensating techniques are used to alter the output of the pneugnatic or electronic

eve specific control characteristics. _Feedback signals can be pro

cessed to obtain

gral and derivative (PID) functions.»Anticipator sensors can be uged to vary the

response as a result of the magnitude of a transient in the supply

temperature, andl feedback devices can be used to change the controller output as
controlled variable such-as actuator system speed. In microprocgssor based

change of some
controls, dynami
anticipation may
needed to meet

c compensation is implemented as part of the software program.

duct or ambient
a result of rate of

Feedback and

have either a positiveor negative effect on system response, depgnding on which is

system requirements. A system dynamic analysis, as discussed i

should be used fo determine the-ecorrect combination of anticipation and feedback

stable system of

While pneumatig
control applicatid

eration.

controllers and analog electronic controllers are still in wide use

h Section 4,
necessary for

nssthe' digital electronic controller has become the preferred meahs of temperature

control because

tFr temperature

of-its ability to perform complex algorithms, built-in-test capability,[and ability to

communicate with other aircraft systems via a data bus. Many current pneumatic systems utilize a
digital computer to provide the same monitoring and built-in-test functions available with the
electronic controller. The typical functions of a digital temperature controller consist of;

a. Control

(1) Data acq

uisition (digital data bus and analog inputs)

(2) Control laws
(3) Reconfiguration (alternate source, alternate control, synthesis, fail safe and transfer)
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6.8 (Continued):

b. Built-In-Test

(1) Self-test (microprocessor, memory, inputs and outputs)
(2) Subsystem test (system LRUs such as valves, actuators, sensors, and digital buses)
(3) System monitoring (performance, signal correlation, rate of use, rate of change)

¢. Maintenance Support

(1) Fault isolation (LRU)
(2) Installation checks (initiation checks, actuator commands, wire continuity, built-in-test)
(3) Fault history (occurrences, details, available on request)

The following design considerations may be applied to digital electronic controllerg.

The analog sendor signals after amplification may either be passed straight'to an analog-to-digital
convertor or firstimultiplexed with other signals. The multiplexing rate is.determingd by control loop
bandwidth requifements and is usually between 5 and 10 times the bahd cutoff frequency of the
closed control lopp.

Digital conversign time is not a driving influence in slowly responding thermal systéms and, hence,
the less costly, glower conversion techniques can be used.in'most cases.

The functional breakdown of the system (6.2) is a goad basis for driving the contrgl block diagrams,
and these, in turp, can be used to generate modular‘control, protection and built-in-test software.
Software in this form presents fewer configuratien problems and is of a higher quality.

The choice of software language is dependent on its operational requirement, the host
microprocessor selected, and the availability of development and production tools [such as
compilers.

Microprocessor selection is driven’ by the speed and complexity required and could range from a
highly numericallmicroprocessor to a microcontroller with integral converters, memory and other
functional features.

6.9 Special Requirementss

6.9.1 High and Low Temperature Limits: The particular system application and design will define the
temperature limitations. General consideration should be given to the following.
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6.9.1 (Continued):
Passenger aircraft cabins should be controllable at any point within the range of 65 to 85 °F (18 to
29 °C). Special purpose aircraft, i.e., cargo convertible, etc. may require temperature controllability
below 65 °F (18 °C).
The inlet air temperature to the cabin should be in the range of 35 to 160 °F (1.5to 71 °C). Some
military cargo aircraft may require higher compartment inlet air temperatures.
Maximum duct temperature downstream of contamination producing components should be kept
below the level at which these contaminants vaporize (oil fumes, smoke).
The minimum duct-temperaturs-should-bs-controledtopreventiomation-ofice-

6.9.2 Monitoring Insfrumentation: Consideration should be given to instrumentation that will allow
monitoring of gystem operation to permit:
a. Troubleshgoting both in flight and on the ground
b. Observation of critical parameters to allow operation in manudal override mode
¢. Observation of programmers, valves, and similar units withexternal position |indicators
d. Monitoring|instrumentation should be isolated from the temperature control system so as to

prevent secondary failure resulting from instrumentation malfunction.
6.9.3 Readability anf Scale Markings: Readability and seale markings must be consigtent with the

design require

be calibrated i

distances for t
6.10 Regulations:

The design of th

scope of which
airplane specific

6.10.1 Civil Regulatio|
(JAA). The FA
regulates designin' JAR Part 25, which represents the combined requirements of

f

ments of the particular instrument orindicator. Cabin temperature
one degree increments and shiould be easily read at normal inst
e particular aircraft.

b temperature control equipment shall comply with airworthiness 1
vould be defingd-in the airplane specification. Design will also be
htion. In theevent of conflict, airworthiness requirements will prey

hs: Regulatory bodies include the (FAA) and the European Joint
A regulates the design of transport category airplanes in FAR Pat

indicators should

r'ument panel

equirements, the
regulated by the

ail.

Aviation Authority
t 25. The JAA

the airworthiness

authorities of the participating European nations. The FAR Part 25 and JAR Part 25 applicable
requirements include the following paragraphs:

a. 25.561 General
b. 25.831 Ventilation

c. 25.833 He

ating Systems
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