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(2y  Intermizine of Fngiees. Enzines with &iffevent ratings, and/or with different cowls, may be
intermized on sirplanes, provided the proper Bmiiztions and performance mfommation associaied with the engive
combination are nsed. In gensral, for four- three-, or two-engine airplanes, the performance combingtion is as

follows:

(v Whern one lower thrust engine {s imstalled, the normad Atrplane Fhight Mamual (AFM)
performanca level is reduced by an ncroment approprizte o the decrease in thrust resulung From the intermin.

When more r one lower thrast engine s installed, the AFM performasnce should be based on

i
the thrust of the lower/lowest rated engine.

(i} The minimum contrel speeds (Vo Vigea & Yigon ) must be based on the high

{ivi The operating procedures mugt be provided Tor all engines pstalled (e, airstant
altimpde/airspesd envelopes, crew responses to sngine warning systens, ete). Differences in operating methods
shail be limited to the equivalest of having 2 maximum of two different engives on the airplane.

(vi A meximanm of bwe mheoflV throst settings { HPR or N nidtted for airplanes with
intermixed engines; this inchudes differences refated to gir conditioning pack and compressor bleed configurations.

vy A placard, entifying the location of the porestandard engine type, must be installed, All
engine Himits and mstrument markings should be appropriate 1o the engine fnstalled o each location, PR, Ny No,
BT, et Hmits for each engine, or the ratings 2t which they will be operated, must be properly presented 1o the
piiot in accordance with §§ 25,1341 and 25,1543 and Part 12t of he FAR,

4

d.  Epgine Restart Capshiliry - § 25 9073 /o3

{1y Explanabon.

(33  Approvalof Epgive Restart Capabilliv. An altitmde and sirspesd evvelope must be established
by the applicant for in-fHight englne restarting, and means provided w restart cach engine in fight within this
snvelope.

{13 tope. For tarbojet and carly wrbofas engines with low bypass ratios

{approximately ons), in ”Eﬂg%y vestart (,;,;m-b'?i?j was menerally provided by "windmilling” of the engine. The

windmilling airflow through these engines was capable of providing encugh rotational energy to perm? ntlight
regtarting throughout most of the spproved aivgoeed-aintude operatimg envelope, From the experionce gained with
these first generation engings, seceptable restart capability has been established as 30 seconds from "FUEL OK" w
tgnition, gnd 90 seconds from "IGNITION 1o stzbilized idle. The 99 seoond ignition o idie time upper limi s
based on the abilizy of the Bighiorew o perceive the progression of the engine start by monitoring the time rate-of-
change of My and exhaust zas temperature. As bypass ratios incressed, and rotarional energy requirements

nereased, the "windmilBne™ resturt eavelopes becarse smaller. Some higher bypass ratlo engines requive an assist
o an auxiliary prenmetic source, such as bleed air from an operstiog engine or g ight operahle Aunibary
Power Unis (AP, o provide restart capability over g large portion of the sirplane operating envelope, Turboprop
engines, particalarly thoese with freo-tusbines, glso roguize some sort of "suniliary” start ssgist; this is generally
r;r*m ided by an eleciric starter or, I8 some cases, a0 infiph! operabic APU. Fngine rostard envelopes should clearly
stinguish botween the aregs of different restars capebilities 1o forme of fime to resturt, windmiiling oply restart, and
azsxi%iaw air assisted zestart. Han APU & sred for ;’mtaﬁ over g stgaificant portion of the f;}p&zmé’é*’;éx envelope, &
separate inflight start envelope should be subetantated by fhgl

E

v fHehi tosr for the APU in the "oold-soaked” condition
associsted with medium o high rude creise conditions. Eapme and APU OF applicable) restart envelopes, and
related procedures, shonld be included in the thnditaddons section of the Adrplane Fhight Manual

iy Al-Fraeine Bestart Cansbiliey, As technologics! ements increased specific enging thryst
oufput with & simulispecus decrease in specific fel consumption, and wing é*a‘égﬁ. roduced greater I, the
number of englnes reguired for a given airplane weight bas deoreased 10 the point where the majority of modern




ransport category alrplanes are eguipped w mz;mi rwo engines, Service history has recorded 2 number of infiight

éi-mmm thrust loss incidenis Som various causes: flameouts from isclement weather conditions, volcanic ash

ingestion, fuel pozzie m}«.mg, fiel contaminaiion zand severa! cases of flighterew fuel mismanagement. These
incidents have oveurred durmg takeoff climbout and in high alivmde oraise. Consequently, it shonld %e substantiated
by flight test that restart capability exisis foflowing the inflight shutdown of all engines. Thiz shouid be
dernonstrated for the momentary shutdows from 2 high power setting, associated with the takeoff and chimb figt
mg;m“s and the extended shutdown at medium to high altitade where the engines may be "windmiliing” andior
“cold soaked.”

{3 T‘:wg ;&}’iﬁiﬁ he conducted to detorming that infieht restarting can be accomplished within the
atorn

atvelops provided. Restarts at the conditions of the vritical corpers of the envelope and at or near the high altimde
extremes of the envelspe s %} vield be conducted fo verify the boundary conditions of the epvelope.

tv should also be svaluaied with repard to suction feed chimb

{11y Inflight onging restart ¢

conditions of the minimem suction feed relight sltfude, und loss of normul AC power (Ref. § 25.1351dh.
{iii} The engine operating characteristive should be svaloated during sach restart. In particular, any
e deﬂcms for the engine to sorge, dwell for abnormally long periods belew idle, or produce other upusual vibration

udible noiges should be noted,

C'}

§iv) T address the dual engive fammecut case during tukeof and inital climb-out, with the eng
initially at maximym ciimb thrast {or kigher). it should be demonstrated that the fest engine will accelerate w the
initial power setting afier a brief shurdown (up fo 13 seconds), when the fuel source is restored.

v}y To address dual engime Tlaraeout 5t high aliipde (greater than 20,000 feet), 1 should be shown,
by & combination of fHght fest and asalysis, that the engines can be restarted, and the arplane’s descent arrested,
with a tota) alisnde logs of not more than 5000 feer, Additionslly, engine restart should be accomplished prior to
exceeding 300 kaows [AS

{vi1 If an enboard suziliary power unit {APL!) 12 requived fo provide power assist for inflight engine
restart, the mintmum APL start reliabilizy should be &é%a?ﬂa;mé azd 15 operation evaluated by Thght tests in critical
portions of the flight envelope,

(m} P start cartridges are neseei [
wf least two start aticmpts for ea

numbar) 1o proy

{viii} The inflght engine restart envelope presented in the Alrplane Flight Mamal (AFM) should
identify & "core windmill relizght esvelope” that will provide engine igaition within 30 sccondy and stabilized idie
within 90 scoonds of restart initlation. A laresr envelope, which ncludes gppropriately lzbeied longer restart times,
may be allowed i it can be shown that indication of 2 clear progression of engine start 35 pmvfzﬁuﬁ to the fhighicrew.
The AFM should also contain the restart procedures appropyiaie to each phase of Hght Goe. low altimde “hot siart,”

vgh altimde "cold soaked” sfart, eto.

a.  Explansiion

£}y Bepinning in the 1970 seme mansfacnarers of urboiet powered aivplanes sie f;? i} T erpp their
airplanes with engine thrust control systoms that sutomatically inc a, cet ﬁ* thirugt on the operating engmels

any engine failed. A sipmlar y@'@*f roforred 10 88 an Automsiic %"gg soff Power Control Svstem, was subsequently

{2} Takeoff performance sredit was granted for ATTUS &
reliability requirements, and performance related 1
nercent of that set by the ATTCS,

zned upon preseribed system functionsl and
sirienons (o2, nivial mkeof? thrast mest not be less than %0






