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A Memorandum
5—5. D’L‘-ﬂﬂﬂﬂﬂu
Federad Aviaton

Subjent Pibpubishd BILT 7 Special Cortification Review Toum Charter Tigte: TNURCY 21, 1906

From: Manager, Small Airplana Drirectarsts

: e : Fuphy o -
Airmafl Certifcgtion Forviee, & CE-[{H; Atn ot

To, Mamiper, Sucdandy {Hfica, ACE-1 1D

Lam g tiat ot inikiate i som oF 3, Special CertiBeation Review {SCR}
reaty The chorier fos wha o 19 ke

1. Bndine tha origna! icidg tertificatson of tha seplans;

2. Buaming the airpisot charamrrioics in the icing mvicosment described by 14 CFR
part {5, Appendix T,

A, Botadnite Bhe: adepians charactarieales in cha fracring drisals sang snviconment = wa
now undersiand it;

A. Deteymins if my of thy charaeterigtics gheened m 1, T or J akene tsoudd conttibu
b Wy e ichens et and,

5 Recommend carredive petian, iFrppropnic:.

ou wo direcied o patify the Japascic Civil Aviston Bureay (JCARY, Wiwobiashi Beary
Indngrrisy, Haytheon Aircra, snd tha spplrabbs Fak officw of tiin SCR

Yo wh g derilog ko CHR plan of selkiw, 20 SCRA husdpes plun, idenbity 2 SCH b
beedey and team mermibeny, andd extablih 3 tracking pyremn for all activity reletive fo U
wock Tl JCR s shently bowin iy wock imonedininly m preputu o foof i nitia) oot
FAA nod ICAR neeeting which showbd cocur oo baer than the thitd week in Prhnory. Thie
rbmubd provide sorugh time for dhe TCAR W idontily and amiga peraonscl o dve kemm:

The 1eam i1 charkored fo comtime the SCR, aatil 1 i completed b toomoendaticns,
axry, ain Rrrwsurdéad L ma.

Churing the i of dhe S0, [ mepecy b ba kapl mbinoed brr tha bracn beider, imia
rexaler basdy, of tee H=am's proxresy aod of oy significat isnes idetificg,

;s md‘)’r‘ij&fﬁaf L

Wiicha Galkugher
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FACT FINDING
FOCUSED SPECIAL CERTIFICATION REVIEW
(FFFSCR) OF THE
MITSUBISHI HEAVY INDUSTRIES {MHI)
MU-2B SERIES AIRPLANE

SUMMARY

United States House of Representative, Mr. Tim Iohnson from South Daketa, reguested
the FAA take certain actions incliding grounding all MU-2B airplanes following the fatal
crazh of an MUC2B at Malad City, Tdaho, on Jahuary 15, 1996 In response 1o the request
from Congressman Johnson, an FFFSCR Team was established by the FAA, which in-
cluded a FCAR representative, to examine the history of the MU-2B airplane,

The FFFSCR Team investigated and evaluated the icing centification of MU)-2B airplanes
marUlaiured tder both of 118 type cerlificates, A2PC and ALDEW. The Team requeesiesd
assistance and participation from the JCAB and the manufacturer, MHI Cficials from
the JCAH, MHI, and the FAA held their first meeting on February 70, 1596,

The FFFSCER Team was chaoered 1o:

I. Examinc the original icing certification of the airplane;

2. Examnine the airplane characteristics in the icing environment as described
by |14 CFR part 25, Appendix C;

1. Ezammne the arplane charactenizies in the freezing drizzla icing
enviroament a3 we now rderstand it

d, Determines if any of the charactenztics obeenved in 1, 2, or 3 above conld
contobule to an accident scenario, and

5. Recommend carvective action, if appropriale,

An inilial review of the MU-ZB service and accident histories revealed that st least 13
fual accidemts have occurred whera the presence of jcing conditions was either reported
or forecasted. The most recent crash at Malad City is still under invesligation, but other
BL-2B accidents contain some similar scenario charactefistics, Sinee 1983, oight MU-
2B in-flight accidénts in known or posmible ieing condibions, not associated with approach
and landing, involved the long fuselape airplanes.

The anti-icing/de-icing and propulsion systems were reviewed for certification compli-
ance and th: matnttnance data bases were reviewed for service difficulties. Test data
frotn namral icttg 1ests conducted by the manufacturer wepe examined. Data were also
reviewed from another icing tanker test, not corducted by the manufacnirsr, that was wit-
nessed by the FAA a5 part of & Juigation {FAA sponsored the test to allow it 16 be per-
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formed at the Air Foree Flight Test Center {(AFFTCY). As part of the FFFSCR, the icing
characieristics of the MU-ZB were evaluated by condueling a series of icing tests within
the current centification envelope and beyan, into the freering drizzle Supercooled Large
Drgplet (SLD) environment, using (he United States Ajr Force {USAF) jeing wanker af the
AFFTC. Other Qight tests were alse conducted to leam more about the MU-2["s flight
chametenistics thai may have been 2 common thread antong the ocvidents,

From this review, the Team concluded that the vriginal icing cermificaiion of the MU.2ZB
seties girplancs was conthected propery under Civil Air teguiations (CAR) by the JCADR
in weeordance with the Bilateral Airworthiness Agreement and the appropriate Uaited
States regulations in cffect at the time. A& Tnited Siates Tvpe Cenilicate, A2PC, was
properly issued, inclading approval tor Might into known icing conditions, in accordance
with the policies and procedures wscd at Bat vme. An additional Unired Siates Type
Certificate, A]O3W, was properly issued, which alsa included appraval for fight it

known icing conditions, for airplane kits imparted into the United States and assembled
i Sanm Angelo, Tesxas

As part of the FFFSCR, a fecused icing evaluation was perfonned tn a more severe ares
af the current icing requirements of |4 CFR par 25, Appendix C, than was tested in the
1984 Special Certilication Review {SCRY natural icing tests, Within the scope of thy lests
performed, the MLI-2B met the gument icing certification requiremants. However, this
focused iving test program behingd the tanker in the freezing drizele (SL1) environment
showed that svoidance and inumediale oxit, |f SLD conditions wers en¢ountered, was
warranted. Thiy is not unigue to the MU-2B, but is vue for st small airceat wilh unpow-
ered flight contral systems using wing poeumatic de-ice boot protection, The Team had
not compleled its review al the stan of the 1996 icing season, but felt it necassary to issue
an imenesdiaely adopted Airwonthiness Dirsclive (AD) {AD Do-25-12 dated 12/5:96)
provide appropriate iving related limitations and proceduces, and SLD reeopnition and
exit tntena.

Ohher tactors that were determined to have contributed to the accidents wera defined and
will abso be recommended for AD actions. The hazardaus cond]tion the Team found wes
that the pilots of the accident airplanes appear o have relied on e wutopilet and, un-
knowingly, allowed the airptanes to slow well below nomnal operaling speeds, Contracy
1o the icing procedures and WARNINGS iy the Adrplane Flight Manual (AFMY, ane of
which specifies 180 knots minimum in iving conditions, the airplanes were allowed
decelerate atml slall at a higher than normal airspeed due to ice accumulation, ‘With an
imanientive pilot, the airplane probably departed controlled 1] ght and entered a potentially
wnrecerrerable spin or spiral mode. The analyses of 13 accidents show high corelation
with low pilot experience levels in the MU-2B: seven low time MU-2R pilots, five me-
divm time and only two high time MU-2B pilots. Eleven of therm had high total flight
time, two medivm time, and no low total e pilots were in the group, Al airplaes, bt
one, Wwere operatéd under part 91 of the Federal Aviation Regulations {FAR).

Faur



The voluntary scminar training program iniliated by MMHI, called Pilor’s Review of Pro-
ficieney, ar FROFP, has apparently had some beneficial effect on the aceident rate since its
inception in 1994, Unfortunately, PROF seminars are not mandatory, The MU-2B is &
high performance airplane with high wing loading that requires a high proficiency =kill
level to [Ty safely, The SCR in 1984 contained a Mulliple Expert Opindon Team who
coneiude:d] that this aircrafl Jid mol require a 19pe raling to be flown safely. This FFESCR
Team has concluded that the average pilor, lthough technically qualified in the airraft,
does not have sufficient wing awarensss 40 {1y 1t safely o all icing conditions. Therefore,
the Team lhas recommended a comprehensive lisl of required modifications to the auto-
matic flight guidance systém, the flight ¢onirel system, the ice protection system, the
propulsion system, AFM puidence, and meaimtenance procedurcs, In addition, an AL is
being recommended to require a formal training sylabus be established. Under the pro-
visions of the new parl 61, it will be mandawry for inival and recomment training on a
biennial basis for each pilol who acte as palot i command {PIC) of an MU-ZB airplane,
The PROTP scminerz and other formal fraiming programs i.c., Flight Safety Intemational
and Reese Howell Enterprises) can provide the approved syllabus in their training pro-
grams, which will satisfy the AD requirements. We are contident that this training peo-
grany, in conjunction with the ather recommended AD's, will significantly improve the
safety record of the MU-2ZB,
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RECOMMENDATIONS

DMaster List

AIRWORTHINESS DIRECTIVE (AD) RECOMMENDATHONS:

1. By means of an AL, require alk &IU-2B pilots (PIC) to attend an initjal training conrse
with 2 bicnmal requirement b inglude 1cing awargness, antl'de-1sing system operation,
icing severty cues, and icing environment €xit criteria. This iraining shoold include, as &
minimum, the items in (he training syllabus in appendix 2.

2. By means of an AD, mwquire 2 longitadined tem in molion aural netiiication system
(for nose v itim) be installed on all MU-2B's, with an autopilot installed.

3. By means of an AD, requite an ice detector be installed on all MU-2B airplanes.

4. By means of an AD, requice installaficn of an avilopilol disconnect system.  The gys-
ten will disconnect (he awtopilot, wilh suitable annonciation, at a suitable airspecd. dur-
mg an uncommanded deccleration, with the aitcraft in & clean configuration {the system

will incotperate a cue to nobfy the pilot that the autopilot will disconneet in 24z secomds
prict to disconnet).

5, The Team requested an AD be created to incorporats the recortmended Gacrett P;T;
sensor moddification. The Loa Angeles, California, Aircraft Certification Office (LA~
AT subsequently drafted an AD, anwd the Engine and Propeller Driractorate will issue a
Notice of Fropoged Rulemaking which iz in the final stages of coordination.

f. Issue an AD 10 remowve Circuil Breakers CB2 107 and CB2118 for the essential sys-
tems that are protected by combination switch/cireuit reakers.

7. An immediately adepted AD was issued (A 96-25-02, dated 12/3/96) to requars |
changes to the AFM to include: Limitations an minimum speed in icing conditions - 180
knots in Tevel Might; prohikit wse of flaps for sustained operalions o 1eing conditions, ex-
cept for approach and landing; provide cues to allow pilot recognition of SLIY conditions,
and prowide icing environment exit critooa.

£. By means of an AD. modify the aitframe de-1cc system by installing a pressure switch
im the iail de-ice boot pressure line, and revise the circuitey 5o the cockpit light will illu-
minate only when baih pressure switches read the required pressure, and both pressure
switches must have a minimum sel point, such that illumination of the lght annunciates
to the pilol that both wing and ail systems are cperating al a pressure that ensures all
hoots are at feast 90 percent of ol inflation.
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% Require an AD to incorporate the Auto Re-light ignition system per the mankfac-
turer's Service Bulletin, and require bath engines to he modified with the Aute Re-light
LEOALOTL aystem,

1f). The Team recommends that the manufacturer's Propeller Rigging Service Bulletin be
meorpodated into the appropriate manufacturers Maintenence Manual sections. The
Team recommends that an AD be {waged to wmeorporats a limitation in the AFM that re—

quires & propeller negative torque sensing (NTS) and teather valve check piior to the fizse
Might of the day,

BECOMMENDATHINS THAT ARE NOT AD's:

L. Suppon continuing rescarch, and encoursge certification of senzors fhat ¢an measure
the exient, thickness xnd roughness of ice accretions, notify the crew, and auromaticaily
operate ani/de-ice syslems

2. Recomtend the FAA pravide funds for NASA 10 conduct a near vertical spiral mode
investigatien to determine if ihe mode is probable Iollowing a deparnwe in the MU-2T,
and, i€ probable, determine the recovery procedure. IF software is avaiiable for similar
stirdies, in liew of Spin tunnel testing, recommend KASA procure and make avaidable to
the FAA ind National Transporation Safety Board (NTSB) use of the software pro-
Erams_ and assist in analyses.

3. Review FAA ice certification policies, with the intent to mprave the process and in-
formation 1o the indusicy, to detenming and test the most critical jea shapes for relevant

aerelynamic characicristics.  This may require that more than one jce shape be consid-
ered,

4. Support further general research o characierize SL0 iving clouds, and to sufficiently
understapud the physics of ice formation in SLD conditions 1o cnable computer modeling

thiat will accurmely mode] jee tormations, dtcounting for the varialions due eTVire-
mental and configuration dependent variables.

5. Bupport NASA and industry-wide studies and research W0 conduct icing wind tannel
t23ting of SLD ice formations 1o hedter understand quantilatively the aerodynamic charac-
teristics due to shatp edged surface roughness clements {often tenned jce feathers) and
inter-e¥ele ice shapes. Further research needs to be conducted o ascertain the effects of
SLID icing conditions on General Aviation aimplane perfonnance and flying qualities.

6. Support research efforts to improve compiner ice shape prediciion codes so they will

accurately model ice shapes in temperatures pear freczing that is in Appendix C and SLD
conditions.
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Cover Fhotograph

The eover photograph of the flight test aimlane was taken during the Aprl | %06 testing st
Edwards Abr Force Base behind the United States Air Force NKOC- 1354 Leing Tanker, |t
is an overall view of the MLU-2B test airplane to provide a genare] perspective.

The: yellow ot reddish-brewn colomation on certzin purts of the airplane is the resull of
dye added to the 1anker water to enhance visual detection of the resilting ice and to indi-
vale where the ive accreted after the ice hus melted or sublimate, Light fluworescent graen
indicates liquid water (none visible in die phuto), veilow indicates ice, and reddish-brown
indicates dried dye where ite has meleed or sublimued, Due o inheren: lirnitations of the

pigmenrs and dyes used in the photagraphic and reproduction processes, the coloration of
liquid water is not 28 vivid as when viewed hy cve.

The presenee ot location of ice is visible on the nose, pitot tnbe masis, windshield, wind-
shigld frames, windshield wiper arms and blades, VHF communication antersa on the
lop of the fuselage, wing and tail leading edges, propeller spinners, engine nacelles, lef
up tank, poriens of the fuselage, frward surfsce of the landing gear sponson, and other
proluberances. At the time the photograph was taken, the mirplane was owside the icing
cloud in dry air at ternperatures below freeing. Ina dry air ammospheric environment, ice
that accreted during the icing test, sublimates with time, 5¢ the appearatce of the ice may
difter frvm other photographs fuund in Section I of this rETHOTL.
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7. The FAA, NARA, and industiy should suppeort the devetopment and use of accurate
icing test facilities, including the new J3AF 1oing tanker, to learn mores aboul simulating
SLD conditions, and the effeets af SLO ice on small airplanes.

B. Recommend a service bulletin be issucd by MHI 10 require the inseallation af a water
trap‘deain in the low spot in the tail da-ice l‘r'lﬂmfﬂld pressu::: line, and r:-qulrc the l.rap be
drained at each M} hour inspection, : P

o The Team reconuncnds that additional government and industry rescarch into severe
SLD comlitions be perfonmed, 0 better understand its affect on engine and propeller
anti'de-icing performance. and capabilities for urboprmpellér airplanes with pasumane
boots.

7). The Team recomumends a service bulletin that réquires a calibration check on the én-
gtne's rque sensing systems be developed. Also, inform pilots, through imining, on the
pitfallz of changes to the torque sensing calibrations and itz affect on airpiane handling
characteristics.

11. The Tcam recommends that servics information be published and made available to
the aitplane operators about the revized maximum fuel control fucl flow scrings.

12. Require the manufactuter to release a service butletin to the mainienance commumnity
i inform them that changes to the Nl contr] can affect the airplane’s low speed han-
dling charactenistics, which alfects safety.

13, The Team reconunends that MHI provide AFM Power Assuranee Charts an all
models of the BT-2B airplanes thal use the TPE-331 series engines.

14. The Team recommetuls that k1T esiablish 2 new section in the MU-2B Maintenance
MMapwals. [nclude in thie section, mandatory camphacce Kt the service bulleting issued
for acrylic windows, including acevlic window'windshicld inspections, and anti/de-ice
syalem unQpectmn

R S TR
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I. Icing Certification Review

Crvervlew

This section addresses the FFFSCR Team's investigation of the icing requirements and
olhier cing sspects of the MU-213 series girplne with racommendations, as appropriate,
The first three iems immediatcly below are part of the FFFSUR Tesm (Team Charler,
Tleen [ris an addiional tess agreed upon by the Team and MHI to exzmine the susceptibility
of the horizontal tal 40 ice contenninared tad sall (TCTR), AR the request of the FAA, MET
provided additonal information an the change in lemperature due o cngine exhaust by
Ieasurernent of the lemperatures on the horizontal 1ail.

A, Examine the original icing cernfication of she MU-2B.

B. Toaming the airplane characteristics in the icing covviromment a3 deseribed by 14
CFF. pan 25, Appendix ©.

. Examine the airplang chamcteristics in the freering drzzle snvitotment as it is
now edderstood, (Supereooled Earge Droplets (5117

D. Ewvaiuatc the railplane stall chameieristics of the MU-2R model aimplane with
sandpaper pn the leading edge of the hotizanta] tait,

E. Conduct iemperature measuremen| of the horizontal tail 4 survey the change in
tesnyprerature dus ¢ engine cxhaust.

A. Originul icing certification of the MLU-ZB airplane

The Team examined the requitemnenis for the airframe icing certification and relevant fats
including reparts, drawings and ather information. The Team alao exarmined the sysiems
and the propulsion systzm with respevi fo the certification icing requirémcnts. The svsterns

and enging reviews wilh their findings and recommendations are contained in Scetions 113
and 1% of this rapoct.

The angihal FA A type centification of the MU-2B series ol vicplancs was conductes] \mder

Civil Air Regalations (CAR) 10" by éhe Tapan Civil Aviation Bureaw {JCAR) in accordanee
with the Bilateral Airwarthingss Agreement and the appropriate U3, regulations in effect at
the tine, The cedification basis was CAR 3 with speciat condinons, none of wiich relate 1o
aurframe icing. The MU-26 receivedd 3 type cenificate on Movember 4. 1965, andet this
process, and there wers periedic amendiments to the Lype cerlificate as new melels were

cedificated vnnl July 23, 1974, when the Models MU-2B.26 and -36 reecived type ap-
proval.

Type design approrval forthe MU-28 senzas of airptanes manufactured by Mitsubishi Heavy
Industrics, Ltd. of Japan was granted by the FAA under the Type Certificate (TC) AZPC,

Pape ]2 !
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The ICAB conducted the cerification program oo behall of the FAA

After Lype certitication under AZPC, Mitsubishi Aircrait Imiemational, Ing of San Angelo,
Texgs, subsequentdy applied 1o the FAA for a second rype cetificate to fzcilitate airwanthi-
ness approvil for the airplanes manufaersd in Japan but assemibled in the United States.
These simlanes were approved uoder TO™ A 105 W The ficst madel @ receive \Ype aprroval
under TC AIDSW was the madel MU-28-75 ay, Januacy 20, 1976, and the last mode] was

the MU-28-60 an Mareh 2, 1478, Airplanes spproved inder A105W ars identifiad by the
SUELX “EA" i the airplane serial aumber

The ariginal sirframe icing ceat [icarinn requircment of the MU-213 as stated in CAR 3 was
ezzentially:

Faragraph 3.712 De-jcers

When preumatic de-icers wre instalied, the instuilation shall be br qocor-

dunce with approved data. Poritiug wreans shell be provided far the
deflarion of' the prewmatic boots,

The FAA examined the cemification of the MU-2B ton Dight inte known g condifians
under both AZPC and A105W. The Focumaliv de-icers were installed in accordance with
appraved daa. Posilive moans was privaided for the deflation of the preumatic boots £rG-
sisitng of a partial vacuum applied to the boots when the angines were operting and (he
Boots were not inflated. For A 19SW, in additcn e the certifiention requirements, the Fa A
sobeited infonnation on ice Protectton systen perfonnance from 1ilats of earlier in-servioe
MU-2R's cerlifeated under TC A2PC. The designs of the aimplane types produced under
TC ATIEW were essentially idemyical 1o thoge produced utder ATPC, The tnformation was
collecied by MHI and presented i detaif 1 (he Faa,

The in-service pilor sestimonials supplemented the process af findin B complianee with the
requiremaents for fight into known wing. Tt showld be noted that the et gpecirun ol icing
conditions that exist in the ontural SITOTINENT cxpenicnead by e dirplanes m service,
especially those infrequently encovalercd jcin 2 vunditions that iney be maore adverss, may
net have been us cxtensively explone as compared to the zurrent utderstanding of the jo g
cIvirooment with the associzted teabing required today, However, analysiz of the repurts
provided wseful qualitative information aboul the geneial characteristics of e aimplane i
the most frequenily encowntered icin E conditiany.

(wher aralytical data were alsy examinad by the EAMA duting his ceview. Amwng them,
thete was an yirfiame impingament anal ¥sis (MHEL Reporm MRAH 44 Svstems Analysis),

Conglusian:

The Team fovnd that the MU-28 was ceriitizaled properly in fol| compliance with existing
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regulatigng, policics, practices and procedurss in effect at the time of the original Tl
certification.  Early icing cettification requirements were |ess rgarous than current icing
cethification policics interpreted from t4 CFR part 23, Amendment 73-43,

Recommendatlen:

Thete are no recortumendations with tespect to the onginal certification,

B. Airplane characteristics in the icing environment described by 14
CFR part 25, Appendix C

Th intent of the FFESCR Charter was to examine the impingement, operational and per-
formance characteristics of the wing with ice accumulated from within the Appendix €
iwing envelape to determine il there was adcquate wing de-icing boot coverage. The Team
carcfully examined the data that MHI submited with mspect 10 work conducted jointhy
during fhe previous {984 SCR, MHI"s previous testing and analysss, and work conducted
under this FFFECR, Accordmgly, the aspect of cedification addressed during thig investi-
gation relates only ro the ability of the MU-ZB airplane o meat Appendix C conditions.
Appendix U of 14 CFR pant 25 (Alrwarthiness Standards: Tremsport Calegory Ajrplanes)
desenibes the varables of the icing conditions that are currently required in 14 CFR part 23
{Airvonhiness Standards: Normal, Utility, Acrobatie, and Conmater Category Airplaties),

Part 23 {3 the suceessor o CAR 3, which defined the standards used for the MU-2B. The
imvestigation involved;

|. Examining impingement analysis of the MU-ZB airfoils;

2, Rewewing instrumented measurements in natural icing conditions by MHI;
. Testing in sinoalated icing conditions behind the USAF icing ranker: and,
4, Examining oiher relevant data and veporis.

Appendix O defines the Liguid Water Content® {LWC) and deoplet sizes appropriate lo
varous aliitude and temperature conditions. Current ingustry practice in the design of poey-
matic de-ige systems is to provide sufficienl coverage 1o capior: all of the 20 micron! drops
and as many of the 40 micrun drops a3 practical over the operating range of angle-of-attack
[ACKA). Ap secoplod technique for limiting the impingement! of the larger droplets on the
lower side of the aerodynamic surfaces is to limit the minimum speed in icing conditions
which reduces the AOA and thus limifa (he aft extent® of jne.

Appendix C conditions were simutaled on the long fiselage model MU-2B-80 in icing
tanker Aighls conducted on April 26 and 27, 1996, at the AFFTC, Testing confirmed that
Appendix Cice on the upper wing surface collected on the protected partion of the boots.
Cyeling of the boots removed all of the upper wing surface ice. Impingement on ihe lower
sytface was approximately 6 10 § inches aft of the hoot. Typical ice collection on the
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mitlrame can be seenin figure -1 These resubiz are stmidar o those obtained in the |984
SCR Digls und are characterized by g drag increass wiihout any observed conteol probleo.
Duting the ariginal MU-2R iving cen fication 2nd the 184 5CR, these drag increases wers
judged 10 be ucreptable based e the maximum power available. [ he undarztaod iat
the tanker lesting could not examine the effects of 1ce on the endire airplane sinultancous)y,
The imnpingement on the ¥U-2B was 3lso coanpared t anocher almlane (fgure 1-2 ) acd the
nnpingement chatacie tistios were famd w be consisient with the aiher aimplane.
Impingement on the Jowsr surface af the witng all uf the o bas heen obeenved Mgy
limes, including the 1933 FAA SCR., and has been aceepted 1 resule ina drag increase withy
minitial change w the maximum LA* or conleeliabiliry of the airplanc. Many research
Tepants verify this conelusion as well as MEL spunsoced Hligh tests on the MU.2ZB. Since

Figmpe [T
Lot ipzpirgeinens e ML2B wing Lyt SNriEee i icing Tankes testing. The woing clined comieiood e gteers
fervgrer Man Appealis C The yellow ceifar af the ke i frva ive adedyed o the faaker wouter fi i bovend
WelTecsicn of the o

Figre £ 2
furpingenien: on 4 TR 22 winge B Sk nopival f T ikivvon ieiRge seekor el rritg (Targrar
rhaur dRpnedir O,
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nearly alt efthe ice on the de-ice boots provecting the Kfting surfaces is shad an aelivation’ .
handling gualitics of the MU-ZP are net signifizantly degraded by flying in fhose condi-

tions assutming all of the ice protection systems are functioning properly, and are sclected
{1t by the pilor.

Bascd on the best available Llest condiions, it was deternined that the ME-2E could fot be
terted for extended periods at speeds beyond (he 180 knots wsed in the icing fanker lesting.
It was agiesd by the Team that a compruter analysis hazed on the testing was one meang that
el be used to cvaluate other spesd, alutude snd eonligurstions that were not tested.

One of the ohjectives af the icing tanker tests was ta determine tha impingement limits and
refiduat ice aesociated with epesation in Appendix C conditions, The impingsment limits
determined from fhese tests and applicd to 14 CFR pant 25, Appendis C, conditions are
conserepive because approxemately 25 percent of (he measured LW was contained in
deoplets between 100 and 300 micronz, Soch large droplets, often associated with icing
tankers, are outside of Appendix © conditions and impinge further afi, Analysiz of the
dreplet distibution for these conditions showed fhat an LWC of0.05 pnfm? was comlained
in droplets of 225 raicrons or lacger, Upper sucface impingernent limits for the entite Spaty
were developed from Lhe photographs taken during Lhe Fiest three icing tanket tlight tests,
The follrving hmits were determined by visual means for the test condition of 130 ¥1AS
and a gross weighl of approximately 10,500 pounds:

Cbserved Implungement Limit
Wing Station fmillimeters]  Percent Local Chord at 180 KIAS
225 microns

e a8
2617 T.2
A0S0 69

An analysis by an MH] contractoe, KEY Industrics, using its computer program, was then
made o cstimate the effect on impingement when the dropfet size is reduced 19 40 microns
ad the AQA 18 decressed by 2° (simulating Might st couise speeds of 220 koots). The KFY
analysis catimates that the irpingemen| for the 40 micron drops on the wing upper surface
is concentrated right at the leading cdge as shows below:

Estlnated Impingement Limit
Wing Statien (millimeters)  Peecent Local Chord al 220 KTAS

0 microns

o 0%
2607 |3
A5} T4

During the icing 1anker rests, ice was clwerved lu acerete on the prolected areas of the wter
wing upper awrface wilkin Appendiz C conditiops (see figure I-1} The outer wing was
selecied for this teat hecause the impingement analysis conducted by the cument de-icing
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boot manutaciorer, B. F. Gomdoch {BEG), predicied slighi aceretion beyond the prodecied
ares. Fuetheranalysiz by MHI conitactons based oty thy resulis of the Lanker resting showed
that when coerected for other conditipns such as wpeed and weight, the Impingement was
Sl widlvin the limies of the active portion of the de-cing baot yn e uppel sicface, The

restlis of the: tanker testiog was compared (¢ the impingement analysis performed by BFG
and showed aceoptable agreement.

The FAA concludes that the afi mit of the de-icing buot upper surface 18 consistent with
industry practicss, FAS policy and procedures, This conclusion is bused on observations
afthe ice aceretion on the upper surlace of the [eading edge of the wing, combined with e
knowledge that the simulated icing cloud for the M5 25t contained a substantial pei-
tentage of droplets Jarger than e 40 miccon gree,

Asacheek for reasonableness, o comparison of (he wrpringement charagienstics of another
airfoil was made with an icng cloud containing droplets distabuted in apprimimately the
some diameter range, Measarements of the olond physics were made using the same £ALLEA-
ment by the same individuals. Figure -2 shows thao results of similar esting with the AT -
T2 Although the de-ieing systen af the ATR-72 is opetared in an atotmatic cycle, thos

remmaving the ice mone frequently, the vellow colorof the tee can be abserved on the leading
edpe,

Cuonclusions:

1. Adequate impingement analysiy hos been conducted consistent with practices and poli-
CLEE i existanes at the fime of cerlificar an of the MLI-2B, and the analysis shows that the
coverage of the de-iving boots is consistent with, rcgulations, policies, and imdustoy prac-
lices i effect al the time that (his FFESCR was conducted.  An additional analyels was
presented by MHL to show accepighle penaltics in Urag. No such repoits were required in
the vriginal icing certification, The onginal coetificativn progam did evaluate the airplanc
for any unsafe condition in cing cordilions and the ML-28 was tound to cumply with the
raquirements. The 1984 SCR validated the clignnal airplane’s certiticaion hand g ehar-
ueteristics tfor Appendix C within the conditions available.

2. Draring icing tanker testing of the MU1-28 in conditjons simulatieg the largest size of the
droplen size spectrum of Appendix C, the demonsicated impagement ol droplels and the
frmativn o ice was an the acijve pant of the upper surface of the de-icing boatly. This
impingement was extended o other colitions of weight end speed based onanalysis. FAA
agreed that analysis could be wsed o examine ofher conditions, The analysis showed ge-
veplable impingemnyent eharacieristic s, While the FA4 agrees with the conzlusion. o does
nat have sulficient data io assess (he precizion of the methodology und die dssuuptions
tsed t0 amive a1 that conclusion. The Lt ot acuracy of camputer prediction PO ats

uged io predict SLDY impingerent and ice shape have not been established, but will be tha
subject of fulure resesnh.

3. The Team dillnot request thar MHT present data to canply wilh the current wing regula-
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tiohs, tot weee they reguived 4o under the Team™s Chaner Therefore, it shoutd nol he
comstrued that the MU-ZB airplanc complies or docs not comply with the present wcing
regulations and policies (14 CFR part 23, Amendments 23-1 through 23-43). The current
reiuirements are tmore 1igorows than the rules in elMfec at the okiginal cemification,

4. The FAA belicves that indusiey practices on ile subject of impingement and the deterrmi-

nation of critical ice shapes noeds to be standardized. The FAA suppons rescarch in this
ares bo help develop the necessary puidance.

Recommendation:

Review FAA jcing certification policies with the intert to improve the process and inlwma-
tion to industry to determine and test the st critical ice shapes, conditions, and conti pura-

fions for relevant aerodynamic characicnstics. This may require that the FAA consider
move that onée ice shape.

C. MU-ZB characteristles In freezing drizzle range of the SLD
spect ra

Background

The Team's analysis of the aceident history of the MU-2B in known ot furceast icing condi-
tions in¢luding freczing precipiation (or SLDY) was sufficient justification for the FAA to
consider froezing drizzle as a possilile causal factor in some of the MU-2B aecidonts. Thusg,
the FAA thensized that the effects of freering drizzle may resull in increased drag or ex-
ireme disturbances in the local awflow simmlar to that found in other airplane models previe

ausly evaluated. Accordingly, the Team chose to examing the potertially adverse effects of
L1 em the MU-2B aimplaee.

The Team conducted sitmtated $1.D icing tests as part of the icing tanker festing at the Air
Farce Flight Test Center, Edwands Air Force Base, Califormia, and artificial ice shape Might
testing at Clinton-Shenman, (hlshoma. The antificial ice shape tests were based on the
results of the icing tanker testing. The Tearn evaluated the performance and handting char-
arteristics of the MU-2B in freezing drizzle conditions.  The Flight Test Reports for these
tests can be found inSection 1T of this repen. The SLD criteria applied to the MU-2B were
developed from previous research comducted by the FAA 10 evaluate Transport Category
Airplanes tor handling charactenstics in freezing dazzle conditions.

The objcct of the icing tanker lesting was to determine the location, shape, texture, and
thickness of ies acoretion on selected pasts of the aimplane”. The data (hus gathered was
then used e fabricate artificial ice shapes and test the airplane to evaluate flight chamcter-
istics in either 4 wind mancl or in foll scale Might testing. Safely consideralions must be

MFage L0
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made whenever artiticial e shapes are used i 1l; ghtresiing and vhese considerations were
cploved. Customary safety practizes involye incrensing thickness snd coverage of jice
shapes in a progressive baildap process,

SLIY ice accration afl of the baots was observed s extent on all suclices. The joe
deerelion was not uniform across the span of the wing, Within the propellet slipsiceam, the
wig aft of the down-going blade expericnced a lower ADA 2] mare afl-wise impinge-
enl o the upper surface and less alt-wise Ipingement o the Jow er surface than e areq
aft af il up-going blade which exhibited the oppaaie characleristic,

[n SLD et conditicms, the wing wpper sucface did ¢ ollast TR 1ot bl of the las| active de-
ive tube 0 & redge with 2 ragged profite and sharp cdges. Afler 20 minoes and sevescal boge
Cycles, the ice ridge was obscrved from the chase planc 10 be siablized with dimensions of
apprexitmile]y one inch wide and a masimuom Beight of approximately 34 inch (see fi aure [-
A3 The ndge was observed to build to approgimately Yoinch in height and ten some
spaitwise porions would self-shed in the mir stremm, The growlh and sell-shedding process
slabilized a1 4 spavwise fFraction coverage cstinwaled at M) percent. The armificis] shape:
configurulion showo i fgure 14 wag develuped o represent e SLI ice [id B2 afl of 7
peteent choud on 1he upper surface of he win K. loe huldup was notl towlly removed from
the hawets with cvery cycle of the boots. Some wsidual jce wils observed on Lhe wings oy
glhwantlin fgure 1-3 and the Lorizontal siabulizer as shown 1 figure 1-6,

The lowel wing surfaces coltegled ice axyiuenically, est defined as disteibuted ice ole-
MENES L gpprosemately 30 a0 40 percent clivrd s st i Bgwee 1-7; and afl of the up-
going propeller blode, 1 sham lip of ice immediate| ¥ alt of the active portion of the de-iving
Bsots that exteiuded with srmaller, more disiributed ice elemants, 10 appronately 30 1o 40
peccent chosd as shown in figure [-8. Post-flight documenttion of the: lower wing surface

i .l-l'.'. =
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MU Jn SLD fowe vickere b wiginde ur soff i endige of heacinge B,
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reve aled stumng fraam dry tanker water dye revealing mare widely spaced jce feamres that
extended aft lo ) to 50 pervend chord, with some widely separated staine cansed by ice
Fermation on sueface imegularities all the way back 1o the nailin g edge of the wing and Aap

lower surface. These shapes contribule 10 a large drag increase, bue do not materially affect
il a1 contrellability of the aimlanc.

Fhe Telt inbaard upper wing surface (between the fuselage and the engine) collected ice on
1he de-ice boot and essenlially all of the ice was removed with boot acfjvatan. The right

e

Froare 4
MLU-2B arvificiad fre shagee wened frowm Wi pites's periperrive,

Fl'gun:' -5
MU-28 pnst-howr syete rogicited ice on vight e wing fr SEO. Mot rogaed edfpe af e viville on
b spabiied e hovizensta srafidizee.
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SlAY few cur AP G |r4.l1|.'4_:'|"IH?_'.".;.'l'-!'.t' il fhe Faehd siaBirer 1 arsiang FC Wl aft fg-u;.'f_ug ez Joint o

8 VST o e Lertive] sahidizor,

Fligeoap §-7
SLLYEw in vk AL 2Bl wivg Tow L aurface

wing inboard exposure was limited o 10 niries due
cardral wheei deflection {352 of the 9 svailable).
nker wake, the laieral comiool w
contnol [hmil w

to reaching & preflighn wst limi of the

Cnee Lhe airplane was chear of ihe
heel detlection requtiement reduced to 16° M sitnilar
s Teached during the exmmiare of the et inboard wilpe.
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LI ice an the ML 2R Seff iener wimg fower nacface,

A one mitete ang forty sccond exposurce of the right inboard wing o SLI icing at a speed
vl 2 KTIAS resulted in a buildup of visually detecrable ice on the wing upper surface
direetly alt of the mid-span of the peopeller blade, cxiending 1o e afl edge of he thind
stiipe. This speed was unly achicvable for a shorHlime at a reduced weight clnse 1o the end
of atesl. Roughness asspciated with the iee observied on the right inboard Wing uppeT
sutface was simulaied inthe SLI prtion of the artificial ice shape tests. The left inboard
wing SL.LY exposare was terminated after 13 minwtes due to 3 kavge asvmmeirical ice shape
developing o the lelt propeller spinner (see Mgure 1-9) that vesulied tn an owt-of-halance
¥ibratien {hat was a concetn nf the Might crew. Lateral eomtrol waz not 2 limiting factor. In
the 10t 13 minute inbiard wing exposures in LI conditiens, the ice eollected on the
prapeller spinmer all the way back o the rowt of the propelier blades. Prolonged exposare
on the caner wing sections produced iee on the tip 1ank W (he welded joint. The windsTisld -
colecizd substantial ice on the unheated po tions (see figure 1- 100,

Elight test pitots of the MU-23 concluded that these copditeons would be clearly recogniz-
able 1o aoy pilal & an vnuswal icing environment and conld be used as an SO g indica-
lor [5ae figarcs 18 1]'|J‘CI‘_'Ig|:] 1-11Y, These visusl indicators wers F'LIHIE]'IEE] inAD DG25002,

ket hserved on the herizotieal siabilizer accurmlated pomarily on ihe leading edpe and the
active area of the de-ice beot. There was some ico ahserved afi ol the de-ice boot in SLD
vondilions (ses figuras -5 amd 163 There was an ice formalion at the lesding «dge of the
horizomial stalizer on the tight-hand side outhoard of the boot that extonded APITOIA -
mately ¢ne inch beyond the active pan of the boots ot approximately L inches more out-

—
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Fraure £-9
ML-28 el prapelier spinner fa SLO0 Tee evrandy AT rwespe M Sl ruaes. Appemsdiv O dce onerg
wpnrerimarely the forwerd Aafd of thae spiimer. Joe (s visible ud e licared IPRet Rl Leface.

Figure Ity

Figmere 1)
AL 25 wrinedi bie bl dew vt caee o S,

MIE S 20 i Rand b iyt rae in L,

board than e Jeft-hand side (sce figures T-14 and 1131 The

e was some residugl jee
observed on Lhe horzomal stobilizer.
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The impingement patiem on the empennage exlvibics l=ftfraght asyinmciry indoced by pro-
peilerwash. lce aceretion asynunetty was obseived on (e hori zontal stzbilizer as shown i
figures 1-14 and 115 and the vertical stabilizer as shown n fugure 1-16. Tee limitz aff of the
up-going blade extendsd farther ant on the Tower surface and facther farward og the uppET
surfoce with exactly the opposite pattem afi of the down-going bade. Since a large percent-
age of the MU-IR wing arca is immersed in the propeiler wash, these asymuneinc shapes
may induce asymimctric eftects upon the acrodynamic characteristics of the aitplane under

certain icing and operational condiions. Approximation of asynunelty on the wing and the
vertical stabilizer was modeled in the antificial shape losting.

Ice accretion stapes

The icing fanker SLT tests resulied in ice that accreted on and aft of the active part of the de-
icing beots on the upper and |mwer surfase of the aimplare’s aicfoils. This was not unex-

pustedd, as the FAA has seen similar accretion characierstics on other types of aitplines
evaluated in comparzable icing conditions.

SLIFice accreted In three distinct slapes:

1. Imitial stage: lee fonned in widespread surface roughoess elements eatly in the exposure
seaquenee, These surface roughness elements tended o collect in preater density on sucface
irregularities incloding the spanwise sitch Tines'™ in the de-icing boots and very minor
Jdiscontinuitics on the surface of the leading edge. The impingemeant frafiemn on the etnpen-
nage exhibits leright asymumetry induced by propzller wash. [oe accretion #SYTILIC Y
way observed on dhe wings tGigures I- |2 and [-13}, bariaomtal stabilizer (fgures 114 and 1-
133, and ihe venical siahitizer (figures (16 and T-| 7,

2. lopter-gyele stage: On the wang and the hodzonral stabilizer, roughncss elemenis were
arrayed in distinct spanwize patterns forming on sutface irmgalantics ot associated with
hom formation, These span wise ridges provide sites having bi ehlocal collection elficiency;

PRI L ".’_ e

Fignie f02 Figene 117
AL=SE i SLOL Ass) ey of e recretion voendia fiorr propetfoe wash cfes wick CO-FIE TG PRl
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Atve eiplt. Pegoingr blade ncveires A0 af resaltime fn besr aflow fse SFTFIAERRCHT oot oplper vl
Thus it green el froen i hork foeres phove) @ she settranon fing ix ligutd nepr,
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Fimere J-Iti Fignre -1 7
doe va the vorticad Sstehtlizn iy mat ArevmEryy ot the verticg) srobilize iy represeared by
SITRRCE e [ PRopefier wprk mipchiyess alvments,
il

thuos, avating rapic buildup (within approximately 3 minutes) ol distinct sparwise ics ndecs
an and aft of the active potion of the upper and bywer surfaces of the de-icing bool, Clear
e was vbserved t form on the stagnation line (se¢ figare 133, These fee featones were
allevred to grow 1o approximalely 32 inch in hosght which is the maximum recommendcd
1ee dimenzion tor operating lhe de-inime boots. The jee formed with distinet spanaise and
chordwise asyrmmeiry due to bocal eflects o vhe propeller low Relid.

3 Mature stges Afier manuatly cyeling the de-rcing boots, thicker ice was enerzl |y
removed offectively on the aclive part of e de-icing baots. Less cobesive jpe often Te-
quircd several de-icing hoot cycles Lo shed completly. Tee remainin g af of the active part
uf the de-icing beots then matured in1o larger 1ca features seross the span of the wing.
There was a edge of iwe approsamately %4 inch high aft of the last active de-ice tube on the -
upper surface of the outhoard wing  The shape was a tidpelike army wiih % inch high
"fingers” and smaller sham Feathars™,

By comparing observations, vidoo and photns from muny different angles, a composite
shiape represeniing the SLD ridge was developed forantificial ice shape flight resting, Span-
wise efements of the ridge fended to self-shied in 8 random manner and then to regencmte,
The lowet surface of (he wing had icc budduwps to about 30 percent ot wing ¢haardd and varied

froma a neasly continuous ridge to widely spaced e clemants. Sparmanse density of the ige
ridge was approximalely 40 perocnt.

As a st of bservinions on several other awcrafl during USAF Yeing Tanker and NASA
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leing Research Tunnel (TRT) iesting in SLD, it appears that the pomary factors that affact
self-shedding characteristics of the idge are dynamic air pressure, adhesion of ice w the
boot, and the physical stengih propenties of the ice, Adhesion m the hoot is gencrally 3
funciion of boor surface condition and temperature, [ce adbision o e boot is lesger at
watrwer femiperatures, therefore with other fuctors conseant, as fhe height of the fdge in-
crgasics, it will reach a certain height which mesults in a shedding forve causing separation uf
part of the ize ridge.

Eascal miror varations in bool surface textore, local airflow conditions, and the forr of the
ice wilt iafluence the self-shedding churacteristics. While increased LWC is nomally as-
sociated] with severity inicing, in the case of the ndge formation, the result of Ligher LWC
appenrs (o be a faekor in the tapidies of the regeneration of the Tidge ard at a given tempera-
ture may actually reduce the haipht or the spanwise coverage aof the ridge, becanse of the
increase in jee temperature caused by release of more latent heat of fusion in the higher
incomming mass. Conclusions linking the severity of efTect of an 5L ¢ dge with LWC st
therefore be considared carefilly io light of all factors. Additionally, i st also be men-
ticned That in sore cases, adverse affects of ive are dispruportionate 16 51 z¢ so that smal] ice
shapes with cenain texturs characteristics can be mare adverse than larger shapes.

lec shape resting

Amificial ive shape testing iz a means of evaluating the effects of the jee accretion dunng
fltght testing, while maimaining integrty of the jce shape through the enlirc test penod
withoul sublimation, melting, self-shedding, or crosion. Artificial joe shape testing was
corwlucted on the MU-2E after the icing tanker rests. During the icing ravwker 151z, three ice
shapes were obscrved during the SLD testing. The shapes deseribed below were proposed
for tha artificial ice shapes for the MU.2R wing.

1. Roughness elements,

2. Aninter-eyele ice shape that exisled just praar 1o boot cycle; snd,
3. A mature ice ridge.

The shape propozed to represent inter-cyrle icc was % inch by ' inch spanwise ridpes
localed on the stitch lines of he de-icing boot, Figure 1-4 shows the anidicial ice (ridgs)
shape derived from the icing tankey lest, Later in this regort, Nigare 1=22 shows ice fomed
on & wing othet than an MU-2R az a result of 3 brisf CXPOEWE [ conventional icing and

freezing drizzle conditions. The reaullant ice formation exhibits 2 claar pattemn of spanwize
Ice elements,

Since larger, more angular shapes sight pose safiety hazards for the Night testing during the
takeoll phase, especially in the event of an engine failure, the Team and MHI agresad tw use
the de-1ce buat nflation as 3 means o shoelule feading cdge ice contamination effects in
flight 1o conduct performance un handling chacac teristic eval yations, Mo unusual perfor-
meance of hand|ing affects were obssrred.
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The Team and MHI agreed 1o 1est the mature ice ridge. The ice ridge shown in fignre 1-3
was estimated by visual means (o represent the SLD ies ndee obsepved during the ianker
testing. The Team and MHI agreed on the matuce artificial ies shape to b tested.

The artificial ridge used was represented by random elements cach having approximately
the same height (s2e {rguces I-4 and I-19). MHI and the Team also tested ronghness with 3
to 3 mim roughness elements (see Ggure 1-18) aft of the active portion of the deicing boots
on the upper surface of the wing to appronimelety 12 percent chiord with additional chordwise
coverage on the right intward wing, and the right side of the tail {see figures [-20 ared1-21).
MHI alsa eonducted other ronghness elemant festing and presented data io the Teans This
testing evaluated artificial roughness on the lower sorface of the wing and the vertical tail 1o
simulare the ice renghness shapes and ice buildups identitied by the icing lanker tests.
Handling characteristics and perfotmence were cvaluated in Dight testing emploving anifi-
cial shapes and roughness elements'? . The results of this testing provided data to deter-
mine performance (drag) and power requived estirmalss,

SLI effects

The Team and MHI exposed the MU-2R aimplanc vo onty one 51T condition selected by the
FAA, The MUZE was observed 1o exhibit no uausual handling chatacteristics, and was
evaluated te have performance to salisfactorily exiv 5LD icing conditions 28 soun as the
ieng condition is detected, However, adverse effects of ice are not always just a function of
large mize. While large ice shapes may cause adverse effecis, aceretion of ice with a viswal
appeatance nfless severe e or of smaller dimensions may also cavse dramatic increases in
drag, and substantial decrements in performance combingd with adverse changes to other
aerxlynamic characieristics, such as stall angls or hinge moment.  The lests comnducted
focused on spamwvise ridge ice formations. Ridge formations can be espeeially disruptive 1o

Lift end/or stall angle, and such adverss «ffects arc usually accompanied by an incresse in
drag.

Addverse effects are highly dependent on the characteristics of the airfoil. and the characier-
istics of the ice including loeation, fhickness, shape and texture. A ridge oo the lower
surface of the wing would be adverse Lo deag, but wonld have lidle cfect on 100 o 518)|
angle. Booause of the unknown factors that can exist innatural icing condtticns and the less
understood conditions that exist to crcate SLE dcing buildups, the Tearn coneluded that the
pilol needed additional performance and iing condition infocmation.

Samulated artificial ice shape flight testing was condueted at Clinton-Sherman using artifi-
cial ige shapes (in dry aitt hosed on the shapes observed during simulated 1D icing condi-
tians behind the USAF icing tanker. The ice shapes were svaluated, selected and agrecd

upan by both MHT and the Team os representative of those observed during the testing
conducted at AFFTC.

There wag d clear trend that related certain ice accretions i inercascd drag, and incecased
stall speeds. Toe acerction on the lower surface increased deag and icc accration on the

FPage |14
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Flgure I-158 Fligure I-19
Above left: Arrificial roughness elements appracimately 3 fo § mon in dizmeter.

Abgve right: fee shape simdator an upper wing surface botk singly and in combination with Feghness.

» g TR e

Figure 1- 200 Fleurg 1-2]
Srnulaied roughness elements, Artificial roughness elenents on right inner wiklg slinplaies reore
right wing leading edge. and asymmerric gecretion,

upper surface affected stall speed, increased drag and reduced AOA at stall. This was not
unexpected s other airplane types evaluated by the FAA demonstrated similar effects, The
simulated SLD conditions used were severe, and are known te oceur innature. Further, it is
not unusuzl that some ice shapes, large in size, can be refatively benign, while ice of lesser
dimensions can actually be more adverse. An icing research pilot,” flying an instrumented
Beecheraft BE-200, made the following observation relating to the effects of various ice

formation on drag aerodynamic characteristics. The BE-200 airplane does not have the
same airfoil as the MU-2B.

The most surprising aspect of these encounters was the small amount af
ice which was required for significant performance degradation. In small
drapiet regions we have aften flown with five inches of ice on the leading
edges with liitle drag increase and no sighificant performance degrada-
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Mooyl feeping dreizale lee Formarkar steing spmaise foanees. This pivelune was por oa AFLS7E ang
e envaed gy Janding g ident Cleasr iee ol fie BIianiai fie apyeees e he Apprazimioly 5 inek
Aty oe the fecunpaerded surmimge shickmess e Boor CHEr AR,

don. fa rhe SCOPY [supercooled drizzle deop] region les than an inch of
visible qoctmdation reselted in g 237 inerease in stall specd wad @ fnge
thEreee I poker regrieed w sustoil (Tt

Similar. but less detwled, amecdotal reports bave heen made on the MU-2B by line pilots
who chid not have the scientific instrimemation 10 accurately measure icing eloud charmcter-

isties. These anecdotal reports were comparable in detail to the repurts provided oy M1
during the A 1GSW TC program.

Tanker icing cloyd characteristics

Varighles that must be cstablished for the tanker icing cloud ipchide cxposure lime, lom.
perature, median volumetric dianicter? (MYDYand LWC SLI exposure of approxinalely
2 manutes and temperatute just below Freezing waz based onoon acordent wwelated to the
MU-2E, MV ol that accident was non directly measured ol was estimated 4 be sgbstan-
tial; droplets were belicved to exist in the size range up to 400 micrens, Rescarch by the
University of Wyoming suggests that adverse conditioms ang associated w th dropicts in the
sz 1ange of 40 1o 300 miccons™. LW for the ATR-T2 accident vuse has been eslimated

from doppler cadar data. Delermination af the tanker icing chswd boundare can be found in
Appomdix |

The methodolagy of data processing and the clewd paramcters used for the MU-2T behind
the tanker were comsistent of thase used for otber aimplones lested beling e lemg tanket.

rm
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I the ease of he ATR-TZ, when tested will artificial jce shapes developed drom the wing
tanker (figure [-23), the acesdent s¢enativ was very aceurately replizated in all aspects, thus
provading a very sireng measure of overall condidence in the USAF Icing lanker simulation
process, and the vaniables used in detennining ndgs ice Fommation. Adilrtionally, 1he slape,
focation, dimensiuns, and textuee of the e seereted in the iwing tanker ¢loud have heen
compared favorably to the ice secreted in the naral SLO ICINE envircmmen.

Accotdingly, the FAA believes that the 1est conditions of LW sre conststent with the best

current Rnuwledge o the reczing drizehe environment, and redsonaby meets of cxoeeds all
available ¢riteria for rowximaim value,

Forward Scattering Spectrometer Probe (PS5} measvrements behind the fanker

The FS507 12 a laser based clectro=optical insteumen man ficwied by Farticte hMeasuring
Systemns (PM3) used 1o mensore and count droplets wencrally within the sige ML il A
peadix £ conditions.  Cither Optical Arry Proshes (AP'S), also manufacinied by 'S,
wert uzed oo count and measure larger deoplets du mg the danker sty The siee and
LW olthe seing clowl 15 determined by integrating the data trom all these instrumente.

Eraring the sinwlated seing condiions in the tanker claud, progressive temposary degrada-
tiotiTecavery was observed wilk Juta sets from ihe FSSP with each eXposune o the cloud.
This degradation appeared v be resvicied 10 the F58 P, and after the FSSP was exposed to
clear, dey aim, in between e eloud measarements, the dot SCIE appedrad 1 comelnie wel|
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wilh ife data sets from the other instruments in e suile of OAMs. Thercbore, ealier mea-
surements tended te b most accurate. Maoisloce oo the oplie swrfaces or progrossive ice
agerelion on the probe can preduce these anomalies, which resul in progrossivel ¥ WOrsEn-
ing undescounting ol smaller droplets within the cland. Thus higher MYDFs qod lower
LW (s s indicatcd during langer exposures within the clond. Data collected by all the
instruments were reviewid. The FAA is satisfied that the mapnitude and kind of snomaly

from The FS5P during this test did not justify repeatinp the lesting ner invalidate the data
collected during the MU-2R tearing,

CoaneTusions:

1. While there are sume well docuenented cases of measured natural freczing drizele condi-
fiong, they arc insufficient in number to draw confident conclusions abowt the possible
wpper boutdary conditians that can be expecied in the natucal enviconment, The val idity of
such liemited data across all the different geographical regions of the United Seates must also
be considered whete different mechanisive of fornation ooeur. The limited data suggesis
the simubated igeng clood nsed tor the MT-2T3 esting approximate the namral SLD eondi-
tions and was consistent with the conditions vged to cvalvate other Immsport category
turbopropellor atmplanes.

2. The 5LD ice accumulaled on xnd aft of the limits of the lesding edpe de-ice boots on the
upper and lower surfaces of the wing, on and aft of the limits of the lower sneface of the
hotizomal stabilizer, the dght sile of the vertical stabilizer in an unprotected srea, on the
de-ice hoxris of the verrical stabilizer, the forward Tacing porions of the Muse|age such as the
laniling gear sponsors, propedler, propeller spinner, cngine cowl and tip anks. Residua] ice
on the boots soncumes cequired several oyeles 1o compleately shed. Tee aft of the hoots was
not shed and formed ice ridges and other distributed roughness ice elements, The sham
edped 1ee ndge thus had a high lecal callection efficicney, which caused e 1 zoerere
rapidly. Aerodynamic fovces caused parts of the ice ridge to shed in spanwise segments, and
Ihen the lec ndges fended to regenerale,

3. The SLIY ice canses an increasc in drag, an increase in the stall speed, and possible [nss

of anificial stall warning, which may have been contributory elements to saveral uf the
ML-IR accilents reviewed, The tests wera pecformed 1o cvaluare the sial] charactenstics, .
handling qualities, and SLLY drap ineremnents. Adverse cifeets of the SLE ice shapes lested
thd niot, haewever, resull in sufficient drag to march the deceleration profile of the icing
aecerdents reviewed, The Team Recommendations will radoce the hazard of inadvartent

aitplane showdown that are nof recognized during encounlers with icing conditions outside
of Appendix C.

4. The icing lankeris 2 valugble tool that allows westing and cvaluation of an ajrplane’s anti!
de-eing capabulities and bandling gualitics ofier a sunulated SLD icing cacounter.

3. The raquirements mandated by the Team's AD #6.23-02 provide information by the
peleds 1o adentify when the aimplane has emtered severs icing conditoms thatl aec outside of
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the limily of the aimplane s ice proteelion Sysictry, aod instructiens 10 safely exit the condi-
[cms,

¢ The MU-2B tlight 1ests with artificial SLD jpe shapes confimed fat the airplane ne.
mained conteollable for a suffccn time 1o permit the ot to salely exit SLD canditions,

Recommendatjons:

FAA should:

1. Suppurt research o furher characterize 10 ecing clouds and to indarsiand the physics
ofice formation in $L1 conditions sufficiently to enable comypruter nicdleling that will aceu-
ralely model jce formutions, accounting for the varianons due to envireimiental and cone
fguration dependem variables.

2. Suppon brosd based sidies angd research of SLD ke fommations to better understand
Yuannitatively the effect on all aerodynamic characteristes of the shiarp edged surface rough-
nhess elements {often temied ice leathers), and the effacs of inter-eyete, regidual, and ma.

lurs ice shupes. Furtherresearch needs 10 be conducted 1 asceriuin the effevis of SLD icing
conditions on Creneral Avision aimplane peTfonance:,

3. Support cesearch etfors 1o imnprove computer ice shape grreddiction codes so that they will

accurately meodel ice shapes in lemperatures near freering for Appendix C and SLT condi-
tioms.

4. Lneourape certification of sensors Lhat measure the extent, thickoess or aeradynamic
effect uf ice ace retjions, nify the crew, arxd automalically opetate anti/de-ice wyETCHNE.

3. Encowursge the development and use of aee urate tcing simudation facilites cluding the

new USAL wing anker to leam more abou simulaling SLD conditions, and the effecls of
BLD joe an small anplancs.

D. Tailplane scall evaluation

It was agread. by both fhe Team and WMHI, that tight tests of the MU-2B iail fr susceptibil-
1y 10 atomalows charac teristics induced by sandyraper un dhe leading edge of the horizontal
tail st Clinton-Sherman, Chlaboma, e conducted to simy bate e colttarminaled elfects. The
Right 1est seport i3 comumned in Scetian B of this repont, The FAA comdurtad prévions
analyses of the siall margin of the MU-2B tilplane as part ola beoad initiative in 1993, The
MU-ZB wus not found to e & problem.

CUne arca of the investipstion wldressed the potential involverent of e tail in the wing
hustosy of the MT-2B airplane. There have Beeg na confirmed repors of pitck snomalies in
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the TS, however, the 12l ¢an be affected in other sigmticant ways,

The Team reviewed ihe history of the MU2T? with respect o this issae and slso reviewed
company reports, MHI has presented dina o the Team 1o demonstrate Mar 1he hoetzontal
tail A0A is very low in all normal Nyght conditions. tn addition, a sereening analysis was
performed by an independent contractor for the FAA. Fhit analyvsis showed that the M-
2B suall margin was greater than the stall masgin ol aiplanes with demonstrated suUSCEpli-
hily w TCTS. At flaps 207 and a1 Maps 407 a slight positive stall margin was shown, No
accidents reviewsd by this investigation appeared o be relaled 10 JOTS.

The Team and MTI] conducted flight tests vsing sundpaper to sirmulate an inadveient citg
etwounier, and conducted a pushoyer maneuver 10 evaluate the tol sl margin, The con-
tigucation tested is shown in fgure 124, The ice shape comprized 60 grit sandpaper wrapped
around the leading edge de-ice boot on the wpper and lower surface hack (o the Front spar.
The aimplane was then own throwgh various mancuvers including pushe-overs from coordi-
nated! flight and in sideslips. The FAA cvaluation was limited to Map sctings of 20¢ and
407 at low speeds in coordingted fught, and m sideslips. There was no perceptible Iongi -
slnzd ¢ontral foree ligbwening or foree reversals throughout the maneuvers. The fight com-
plicd with the aspects of the FAA palicy sot Farth i the Small Aitplane DhirectoTate inemo—
randuwn, “Recommended Methed ol 1dentification, Susceptibili B £ [oe Congarminated Tall-
plane Stall™ dated July 12, 1M, with two cxzeptions. The most chilical speed for the

Fipre §-24
faf) geir el ter b B s wocfice of rimie bovizootnl shhitizer of ANG-2E.

pushover {0 g Ioad Ritor) is usnally at the low end of the speed range, The lowest speed it
We et was Nlown at 1.3 versus 1.2V specified in the proceduees. (At 1 g load faelor the darzest
negative ilplane AT useally ocenrs athigh aiespeeds, b T should Be noted that there was no
inadication of stick foree sepsitivily to airspeed in these mareavers. Usually the most adverse
elfects ol power arc at ligh power setings, The highest powret aeting used inthe fes) was power

——n o — — —_

Pope F215




FEFSCR 0F THE Afmsunegry; B o funcer e L2 Berirs drmurr

wsed in the 1est was power for Fevel flj EhL

In response to previous events, the FAA issmed airwonthiness direciives {Al¥s) against the

APDIOPiate aitplane fypes to comest this potentially unsafe conditian, The MU-21 was not
one of the sirplanes efficted By the AD action,

Conclusion:

The results of the Right fests at a flap deflection of 20° or 40° showed by temdency o lail
stall, na unsafe effect on aimiane handling charmcteristics, or unsafs changes o stick force
charactenistics. M1 advises thar (he ftap 40° defleciion is not rormally empltoved by op-
cTalors, since il provides little benetit from a perfortianse standpoinl, and a maximum dee
Dection of 209 is swecordingly recommended i the AFM. Inaddition, the AFM hus 2 wam-

ing in the nottnal procedurcs sections that stales use of 4° flap settingz in icing conditions
is prohiibited,

Recommendation:

Ther: are no recommendations with respect to the tail asvodynamie chamckeristiss,

E. Tall temperature su rvey
Tajl temperaiure investlgation

Tanker testing showed that ice conld form on the unprotested part of the tail on the CEgrht
hand stabilizer lzading #dge. Because of the condition observed during the icing tanker
eesling, Farther temperature testing was requested by (he FAA,

Both outboard horizontal stabilizer 1ips were itnmersed in the exhausy plumes of digir ce-
SPECHiVE STIEHMS 10 preqrer of lesser pxient depending on confiparation. There ate ng e
jcing boors o the horizontal stabiljzer leading edge aft af the n gineg {outboard tips} dye 1o
Ihe deteriorating «ffects o the exhaust Zases and hot particles, When the engine s operat-
g, heat from the exhaust increases the air temperalure on the stabilizer tp aft of it, Thas

the seahilizer tips and the slevatar horgs are afforded some protection from subfieezing
enperalures,

There are factors, however, thar affect the birmits of this protagtion — (e asvrmetTic Now
field in the propeller wash commmon to almplines with co-rolating propellers; the aidrame
inferaction on the flow fiald in varoos tonfigurations; and, most tmportantly, the simulra-

REORS presence of supereooled water drapley Tmpitgement ¢ otnbited with subfreeziing tem-
Peralbres on the surface of the airfog],
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Mitsubizhi report number AES-9314, page 44, tefers 1o an average oocside wir emperataee
{CWATY a0 the test alitude o approximately 2% °F. The report states that the measured
temprerature at the tadl is between 40 and 42 °F at speeds between 180 and 210 KI4 3. Those
IRCASIICINEN S 1Epresent § [emperatuTe inciedse of up 1o T3 °F. Under the same conditions,
huen leading edge temperature would ener the subfreezing temperatore rweion at an ambi-
cnt tempetalore of 22° minus 13°% or 19 °F. Since the Appendiz C temperature tange
extenus to fermperamres as ¢old as =27 °F, the putboard Jeading edpe would be exposed (o

potential icing conditions for a rangz of temperatures of 41 °F wathin the Appendiz © cone
ditions.

Mitsubishi's final report, report nuraber ATS-9682, relating b post-Fdwards 1esting cone
ducted by MHT comfirned (hat & temperature aspmmetry of ag mech 29 52 °F pan exist
hetween the lett horizootal stabilizer tip and tha vight bordzondal stabilizer tip in the croise
configuration, and {hal enging exhaust does not signilicantly influcnee the rail at flaps 20°,

Conclusions:

1. The additicnal tailplate lemperature testing showed that there ¢an0 be areas of the Lnpra-
tected surface of the horivental stabilizer leading edge at temperares belaw lreczing with
the arrplane 10 vanous confignrations.

2. There has been no adverse service tistory sugpesting peoblens with this part of the tail,

In addition, no problems wete noted during icing ranker tests in both Appendix C and SLD
wondtiions,

Recommetdulipn:

There are no recommcndations with respect o the tailplanc temperture survey.

LCAR 1O, doged March 25, 1955 {Appleale regulations are CATR 3 dared May 15, 1956, inclnding Amendmen
J-F thrdugh 3-8, plus Sprcial Conditions stated in FAS Teller fo JOATS dated May 14, |65, medi fed by FAA
letter Lo the JCATR daced Jangary 25, 1971, )
LW dedines dee oz of liguid wadtes in grames per oubic meree of space (m?’). Idoes non gl ode wates
VATRHT,

* & rneton is ore-mmilliooth of 2 meter, or appooscimaely 1O inohes.

! *lrmpngement” means the pkace on the airfil where e deaplee simikes. The impingemem b iz ge aht
gL chgrohise puosilion thin 2 dooplet will strike under a given se1 o wouedilions ond is an regpomne T i
detzimising the i faneet extent of the de-icing bools.

# Ioe linwl yr jre extent are semetimes used senauvmoosiy with impingesuent, howsver, die iee T at ice
extent ey b furtber all, Wlen thye suopercooled watzr droplel {waret 70 1€nperiue below G *C hetaol ve
iech dogs i freess on impact bul moves aft, the ice Tinve iz aft of U impingement it Such ice 18
sommenly referred to as " ronback ice™.

* Tnpleman-Sumwdbera, M., Sweden. 2nd Toakew, &, K, USSR, 1977 METHODS FOR PRENICTION OF
THE NFLUEWCE OF ICE OGN ATRCRAFT FLYING CHARAC TERISTICS, Swedhsh-Soviet Waorking Girodip
o Elight Safery, Bepart S, JR<1, lgurs 13, shows dhat a single Sndepturface ioe clement can Tave x gmall
hut measorable wlverse elfesr upon masirnum A, This possshie effect was consideres o e annimal.
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"shadleng ehariceriznics of the de-iving bentarte 2ifeered by o anmber of factors inclad ing surface comtison
o the boots, number of repair patches, rermpemnes. ice Wicknees ipan acrivalivn, Tocation of ice, e,
*Eupertooled Large Dropbess (3L are laryer than Appendiz C sorditians and iactyds fréewang rain or
froczing drizzle.

*Tanker tesling and namugal ice testng cach have druwbasks und limiejogs. Bapgsal iCirg tesrz are usually
cooductytin instoumein ineteetolagical condiians M) wliere the visibizine is imited. S lkty corcitlerations
usuiel by preciude bipdling and swbi licy Might teetiog in (MO ind the siablimation of naten | ive wlien in viss|
meteornogicdl conxditions chanpes the ice aockened in na Ll icing conditions, Tanker Tex1ing on the athep
himd expuses limiled pans of the HIPIAE 0 The iting elowd o dhat he entire atrpiane could nnt be jced ;i the
sne time. Vanker ice wil| seblimaie or saifged whien ou:ele the dciog ¢loud sinlac 1 nasund Ioe.

* Fabnrwion of BFG poegmutic desiving bredy invelves sevwang (sviczhang) the rulber tayers Wye=tar at
wiereals iy ross e span of he boot. The charmihers thus formed oo the anfation webes, When the o
Fwpat ia deflied, dhery is a srall bur noT cegble Rt diseomtinuicy in te surlice ol he oylemmos |
thie de-ieing bom over the "sich |ines™

" The amownt of superconled water in e lacys dnop sizes: was noa great, but g accieion on de ander
surface of wings may boye dizproponi e effecs pn prerfommestcee,” Caoger, William A., Sand Folpovitels
and Veal, University of Wyanning, L933- Effacis of Icidg on Petformanze ol Researcly Airplare.

9 Bershinsky, George, e Firgt Thine, mvdated.

" MYD defines a siogle diameter in a dwsiabucian ol deelet dizinetees such than Jalf the LW is found i
dresplets Jaziar, and balf lhe LWL 10 dmples eraller shan the 24V

M Unusoal Being!' with g ignifican) ocs of perfonimies capabiliby was found correlated with sUperconled
drarlels in the 0 - 300 micron-dianeer range, The senmal FAA icing charaglerization of referencing liquad
water vontent docl volunie aedian driples digiwter does rot eherelenze these sncomwiers,™ Saru, Warte K,
[WB3 ATRCRAFT ICIMG CONDITIONS — "MOREMAL AND LIMNUISLAT, MINETEENTH JALC ALk
LA EFAM PR A,

" Co-ulating, 1eus et bt Propellers roate in the sanee direction as apfosed do commter-ratati g propeliers

which rotaee inwpposite direclons, Tl How field aft b coumer-rotanin g propellers 1ends o1 ppore 1niform
Mot rvibeenging s plunes are Jesisned wk comrOlatingg propellez,
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Appendix [ — Determination of tanker keing cloud boundary

Establishing a specifee value for what is essentially the avermge LWC of (he icing elood
implics that carcful consideration e given Lomessecing the integrared instantanecus LWC,
and then deteitnimng e diameter of the icing eloud 1o performn the siple caleulation. The
1531 o8 by determmng a value for the cloud that repeesents the test airplane exposure. 1o the
noemal course of flying in the tanker cloud, there i3 some vanance as the pilol cannot main-
1ain a precise pogition. The amoum af varistion relative t the clood depends upon the size
and comfguration ol the test aiplane, and the Fapdpower configuration of the tanker, the
skill of the pilots of the taiker, and the test aireraftm flying in formation, the location of the
test poant on the test asmplane, and the slate o] the stmosphere.

The tanker cloud hos variations that tend 1o average out in the ice aceretion process which
ocours ovoranmch longer lime interval than in a ielatively shurt iz collection interval, so

it iz Impertant fo arrive at a meanmgful technique which will produce acourate and repeat-
able results.

When the icing eloud is lraversed laterally and vertically by the insinunents on the chase
airplanc behand the tanker, droplet coneentralion 1s measared and di (ferences in these -
surernenis can be portrayed ona graph. The tanker ¢lond is most dense in the center and (he
T water comient decreases away from the center due to soveral effects, One effeet is
cvaproration and mixing al the peciphery of the clond. An added effeet can be obeerved (o
the vertical plane cavsed by gravity, which canses 2 greater concentrulion of lacper droglets
at the bottem of (e choud. Alsw different from nataral icing ciouds, the relative Tumidity of
the icing tanker cloud 15 less than saturated. The precise cifects of the humidity on ice
fommnation have yet to be fully understowod.

During the wcing teokar asting of the MLU-28, cavo MHI conleactors used a different mmethiond
fer calculating the LWC of the tanker cloud than the (hird WMH] contractor. The fandamens
tal difference Between the melhodolegics rests i the dedilion of the limils of the tanker
wing cloud, Dhscussion of the two methils Tollews, The casental difference involves the
distznce 1hat the instantaneous LW C dala from the FSS] is averaged over, Hence, the im-
portant quesinon telates by d=termining the calolf peint [or the icing clowd.

The elinl debmilion as treated by testing methouds deseribed below:

Melhod 1 The claud s defined by the point whate (he UWE s measurable. This was

typacatly between 0.00 and 0.10 grams. Then the LW measurement is averaged over (e
distance lerween these wo points.

Befethod 20 A wvisual catimate is made of the eluad TWC trace on & graph which penerally

conrrespands (o appreximately the highest value of the LWC. The outer periphery of the
cloud with measurahle water is ignoced,
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Methuod 1 provides a better average evpecially considering
clowd. Method 2 05 & fastcr ineqhod but dies noi aceommodate clond VITATICES a5 weaf],
Bdethod b would tend o produce a Jower LWC than method 3 far the same clowd.

normnal varianions within the

The current contractar mploving methed 1 believes fhat it hegp represcnts the condiivuns
that the test airplane petually traverses. His visual impression was hat fhe tos simplane
expericnced norenal vetical path variations w the clowd thar appeared to move the dislance

wfthe elond dimmeter, Thus the alrplane appesrs to have been expoged 1o a clowd dimension
consiztent with har uzed inmelhod ]

Whale the: tanker clowd sppears o hive & higher LW than
rently known about naral 5700 eing clovds, much of the S0 ICING Frocess i3 not ¥l
totally understood or commaly accepred. For Exarmple, the scicntific conrumuTty in e
U5 (including MASA) und abroad has yet o be able g acearately mods| dhe complex
thermadynamics and the physics of the jve aecretion PUMESS Al IRBMParutures dear zem rep-

resenlative of natural iing condiions. O (her indices have been used o evaluate the rel.
evalige of the toing tanker ¢lowd,

the limited information ¢ur-

Page 1,140



SECTICH fT — FLAGET TEsT REFURTY

Zection II — Table of Contents

. FLIGHT TEST RERP DR T . ccicinisinininimmimininmriniamanimsnmrirari rimiminsmsst i e op i smasms a1 160t s IaemEe i 1 11 F1oF rmmtass |

INITIAL ARRCEAFT EVALUATION .ot oo o st st et es s st s 3
ICING TANKER TESTS.. e
3TALL CI—L&RACTEHIETIES E‘-’ALUAT[DN - L7

HANDL MG QUALITIES EVALUATION 1n‘n"[T.'rI ﬁRTIFICLAL [CE SEI’.AF’ES ﬁHD RﬂUGH’[‘fESS W18

Page I1.1



FEFRCR OF e MTsoswair HEd iy FNDUTTRIEY AT I8 SERIES A MFL4AE

This page inteptionally jeft blank,

Page [1.}




SECTH I — FLIGHT TEST REMCRTS

II. FLIGHT TEST REPORTS

INIFIAL AIRCRAFT EVALUATION

April FE, 1996, Tulza Imermationat Aurpor, Tulsa, Gklahoma (TULY

MU -2B-50 {dMarquise’ Regisimtion Mumber N7%4M A, Serial Number 794 54

Ramp weight =11,242 Lhs. Cenker of Oravity — 194,66 inches aft of datym (pndd-c.g.}
FAA Test Pilot - Joe Browntee;, MHI Pilot — Pat Cannon

FAA Test Pitol — Jon Hannan; FAA MEC-AEG Pilat = Richard MeCleish

Videa Operator — Mark Bovd, Visual Productions

Flight FAA-1 — Takeoff 1137 Central Daylight Thwe, 2.5 hour flight

Afler takeniT, during the climb, it was noted that with both condition levers full for-

ward thers was a %9 percent difference in propeller revolutions per minute (RPM). To

manually sypchronize the propellers, the ledt condition lever hed o be muved a half

knob width aft of the right lever, then the propeller synchronizing/synchro-phasing
systern was tumed on and the cnpines stayed in "sync” throughout the hight.

Lonvitudinal static stability evaluation by level acerlerat hod:

At O SN feet pressure altimde (ALY} (Hp), propellers at 174 percent RFM, power
and trim for level flight at 130 KTAS, power was increased to accelerale at constant

altitude without changing the longitadinal trim: then power was decreased,

190 KIAS - 7 Lbz Push, 200 K1AS - 15 Lba Push; 217 KIAS 24 Lba Push; 231 KIAS

- 31 Lbs Push; 240 KIAS - 25 Lbs Push; 247 KIAS - 27 Lbs Push; after retimming to

180 K1AS, 165 KIAS - 12 Lbs Pull, [50 KIAS - §5 Lbs Pull; 137 K1AS - 12 Lby
Pull; 115 KTAS =32 Lbs Pull. A push foree was reguired (o maintain level (light with

increasing airspeeds from the trim speed with some force lightening at higher speeds,
and a pull foce was requived 10 maintain level flight with decreasing aimpesd,

Pitch attirude vs, bi y lation:

Starting ot 12,000 feat Hp, propellers at 100 percent, ¢ngines at L) peroent forque or
650 °C maximum exhaust gas temperature (EGTY, timmed at |20 KIAS = 17° pitch
atitude on the lel auitede director indicator; 165 K1AS = 10° pitch and a 34 Lbs

push force; 130 KIAS = 9 pitch at 45 Lbs push. This also substantiates the positive
longitudinal static stabality of the srplane.
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A1 8,504 feet Hp, propellers at 100 percent, engine pawer and tim for level flight at

180 KIAS, amopilot was engaged in brading hold and ALT hold modes with the
longimdinal triea 4% nose up; thea power was reduced to slowly decelerate the air
plane.  The tim wheel moved in small intermittent ierernents, oose up, Passing
vrough 120 KIAS the tim was 11° nose up. Autopilot was distonnected at the stick
shaksr {siall waming} at 102 KIAS. The dirplane was in trim and the Jongiludinal
teim pozition indicator read 19% nose up, which correlaley  19° clevatar tom tab
trailing edpe down.  Accclerating to 120 KIAS required a lengitudingd control push
force of 24 Lbs 1 maintain level flight.

Staie lateral and directicnal stabilivy was evaluated in accordance with FAR § 23177
at 16,000 feet Hp flaps wp, landing gear up. at 134 KIAS, propellers at 100 percent,
engine power for Jevel fight; and takeoff powet for directional stability, and 80 per-
cent torque for lateral stabilicy; and flaps 207, landing gear down, power for 3° alide
slope at 107 KIAS. Stability was positive in all cases with some pelal force lighten-
Lmgz, e with landing gear down, the rudder CENTETING was weak, due probabiy to fije-
1oq in nose gear steering system, Drvnamic stability (Dutch Roll damgping) with flaps
20°, landing gear dowm, propellers at 100 rercent, engine power {or 3% plids slope at

107 KIAS was well Jamped in two ascillalions with vaw damper off and one oscilla-
tion with yaw damper on.

_ horiny evaluation:

At 10,000 feet Hp, flaps 20°, landing pear down, propellers st 100 percent, enging
power fir 3° glide slope at 107 KIAS, nim ailerons were sct to the first "Lower Left
Wing" imdex. Force imeasured on the ripht control yoke hom was 9 Lbe to maintajn
the wings level, il with full "Lower Left Wing" 1rim, the force was 13 Lbs with the
tontrol yoke deflected 40° dghi to maintzin wings level, With tnim ailertng set to the
first "Lower Righl Wing" index, force up the 16R control yike horn was 12 Lba to
maintyin the wings level and, with full "Lower Eight Winp" trign, the force was 13
Lbs with the contol yoke deflactad 45° left to maintain wings level,

Bate of roll was evaluated in accordance with (he procedurcs of FAR § 23157 At
190,000 feet Hp, flaps up, landing gear up, propellers at 100 percent, engine power for
level flight at 191 KIAR {magimum mencuvering speed — Vo), a 307 feft bank wag

cstablished. Timing began at full application of right tateral comirgl (rudder held
fined) and stopped as the bank angle passed throupgh 307 right bank. Left 1o tight
tming wus 1.61 seconds, fight to LB was 1.5 seconds, With flups 207, landing gear
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dowi, propellers at 100 percent, engine power for level flight at 120 KTAS, left o
right was 2.17 scconds; right o lefi was 2,16 seconds.  'Wilh flaps 20°, landing gear
dawn, propetlers at LOD percent, engine power tor lave] fight al 150 KIAS (155 KIAS
is Vi), lefl to right was 2,18 seconds, might to lcft was 2.22 seconds, These maneu-

vers wese quite dynamee, bul the roll conrol forces appearsd 1o be constant for all
conditions.

EE |I ] Eli:!:l:lsﬂ:i :!:ﬂ]]]ﬂﬁﬂ]ﬂ'

&1 this mid-c.g.. stall characteristics wers evaluated in aceonlancs with FAR § 23.201
and AC 23-8A at 12000 to 6,00 feet Hp, With boih power levers on the flight idls

stops, the engine torques were ot indicating equal. Therefore, stalls were performed
with the power of both engines sct ta 20 pereent torque m liew of fhght dle, All sialla
were perfoemed wings fevel at one knot per sccond deceleration rates.

Note, The following deseriphions were writlen fram meroty, from notes laken dur-
ing the tests in the aircraft, and by analyzing the videotape, On this frst ight, the
video camera irained on the pilot’s flight instruments was not working, therefore, ex-
act movemets of the slip-skid ball could sol be discemed. Vider views om the
camera rained on the overall instniment pane! including the attilnde indicator and
slip-skid ball were from abmost 1wics the nomal eye distance, and the instrments
were obetrucied by arms and elbows during the later stapes of these maneuvers:

Test Conditions: Flaps vp, landing pear up, 20 percent torque, irimy airspesd 150
E1AS: stick shaker (stall warning) 102 KAS, Viqig 81 EIAS, Required near full 11
latersl control to keep the bank angle under 15 right roll, with the longitudinal con-

tend held on afl stop for approximately 2 seeonds, then the fongitudinal contred was
moved forward to reduce ADA.

Tegt Corditions: Flaps up, landirg gear up, 30 percent lotque, tnm airspeed 150
KLAS: stick shaker 100 KIAS, some (el radder with near full left laleral gontrol was
required W keep the bank angle feom exceeding 20° right roll, with longitoding] con-
trol held on the aft stop for approximately 2 seconds, then moved forward. The slip-
skid ball emained near the center throughout this meneuver,

Test Conditions: Flaps 3°, landing gear wp, 10 peccent totque, brim aitspesd 141
KIAS: stick shaker 94 KIAS, Some teft madder was required to keep from cxeecding
20° right toll with mear full left lateral contral, Same msult with 50 percent tomue,

Test Conditions: Flaps 207, landing gear down, 30 percent torque, ftim airspeed 123
KJAS: stick shaker 85 KIAS. Ags airspeed decreased and AQA increased, to hold
wings level initialiy required right lateral conirol, theh a rapid input of left yoke to
prevent a right rell.
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Test Conditions: Flaps 20°, landing gear down, 20 percent torque, trim aitspeed 133
KIAS: rolled 4357 right, with the shp-akid ball to the left of center. A teprat of this
maneuver resulled in a requirement for rght yoke, with the ball slightly lait, then ag
the: ball moved more leR, there was a rapid need for Bl loft ¥oke, with a resulling
bank angle of 307, a5 the AOA way decreased,

Test Conditions: Ome safl at 20° {laps was performed with de-icing boats inflated just
Before the stafl, Characieristics were generally the same as the other maneuvers, with
a 1oll to the right.

Througheut these maneuvers, the engine lorque and fuel fluw, as recorded by a video
camers trained o the overall instrament panel from almost twice the normal eye dis-
tinge, appeared o be well matched.

Mote. b a brief evaluation of the stall characteristics of another MU-2B-50 some
weeks bofore, thw right ralling tendency was also evident for thal aircraft.

sutonil 1L mode cvaluarion:

An ILS approach to ronway 368 at Tulea International Arrport was performed with
the awtopilot coupled in the upproach mode., Autopilot conteol authority was very
posilive, tracking the glids slope and locafizer quite accurately, When the autopilot
wag disconnected ar 500 faet ahove ground [evel, the aireraft was ip i,

Flight FAA-2 - Takeoff approximately 1600 CDT, 1.3 hour fight.

Ramp weight — 11,582 Lbs. Center of Creavity — 198.25 inches afi of datum faft cg lHmit
is at 199.4)

FaA Test Pilor - loe Brownlee; MHI Pilot — Pat Cannon
FAA Test Pilot — Jon Hannan
Video Operator — Mark Poyd, ¥isual Productions

Betore this flight, maimenance was performed on the aiceraft, On this fight, the condi-
von lever knobs were equal (side by side) with the propeler RPIM sytichronized,

Throughout the flight, during the maneyvers, the engine lorques and fuel llow appeared
e be well matched.

\wopilot Jongindins] wim evaluation:

Test Conditions: At 12,000 Feet Hp, propellers at 100 percent, engine power and trim

for level fight at 180 KIAS, Autapilot was engaped in heading held and ALT hold
modes. Then power way reduced to slowly develerats the gitplane. The trim wheel
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moved in small intecmictent iocretents nose up,  Awtopilot was disconnested at the
stick chaker {stall waming} at 100 KIAS, The airplane was in tm and the longiudi-
nal tnm position indicator vead 117 aoge up, which comelates to 11° elevator trim tab
trailing edge down. Thiz Ifim position is less trailing edge down than the previous
tesit a1 mid-c.g., and correlaes correctly with the afl &g, condition.

Stail of stics evaluation:

Mote, The lollowing descripfions were written from memory, om notes taken dur-
ing the teses in the aircraft, and by analyzing the videotape. On this second Bight, the
video camera traincd on the ffight instruments was working, therefore, movemenis of
the slip-skid ball could be discerned, except when obscured by the control yoke.
Video views from the camera trained ot the overall instrument panel of the anitude
Tradicatar and ship-sked ball were Fom almest twice the normal eye distance, and he

Instruments were obstnusted by amms and elbows durtng the later stages of these ma-
TEEYES.

Test Conditions: Flaps up, landing gear up, 20 percent torgque, im airspeed 150
E1AS; stick shaker {stall warming} 105 KIAS, Shp-skid ball moved one ball diamelar
left, and even with full teft lateral control voke, the aireratt rolled 30° rghil, with the
longiludinal eonlred held on the 2k stop for no more than 2 seconds, then moved fox-
ward, Subsequent stalls in this confipuration were characterized by (he slip-skid ball

mOving up to 2 ball diamneters ek, with nght colls up ww 45°, indicative of "roll due to
vaw'.

Test Conditions: Flaps op, landing gear up, 50 percent topque, it airspesd 150
K1AS. By anticipating the requirement for left rudder, the ball moved only % diame-
ter left; bul even with rapid full leB yoke, the mircraft still colled 32° right.

Tegt Comditions: Flaps 3°, landing gear up, 50 percend torque, irim airspesd 141
KIAS, Attemnphing to reaed to the slip-skid ball and bank angle, with modder and lat-
eral controls, the ball moved 2 diameters Icht, and airczaft rotled B5° right

Test Conditions: Flaps 37, Tanding gear up, 20 percent lowgue, tim airspeed 141
¥K1as. Held ball near center, aircraft rolled to 20° nghe,

Test Conditions: Flaps 20°, landing pear down, 50 percent torque, tnim airspeed 123
KIAS, stick shaker at 85 KIAS. Tield toll ta 10° right.

Test Conditions: Flaps 20°, landing gear down, 20 percent torque, wim aivspesd 123
¥1A5. THd not anticipate left rudder, ball 2 diameters Left, roll 807 righe.

Test Conditions: Flaps vy, landing gear up. 20 percent tomque, tim aicspeed 150
KIAS, uming stall A0 left bank, one knot per secand deceleration. Slip-gkid ball
moved 2 diameters left, ancraft rolled nght o 30° nght bank. Repeated test from 36°
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tight bank. Aguin, ball moved 2 diameters lefl and ajreraht rolled 1o 90" night Both
of these 1ests meet certification criteria,

Test Conditions; Flaps up, landing gear up, 5O pervent torque, trim atrspeed 130
KIAS, tuming stal] 30° teft bank, vne knot per second deceleration. Badl held hésiy
center with anticipated Jeft rudder. Aircraft rolled wings lovel.

Test Conditions: Flaps 20°, landing gear down, 20 percent forque, tnm airspeed £23
KIAS, left wming stall from 30° bank. Ball meved one diameter left, bur was
brought buck to center with lelt rudder; then ball moved 2 digmeaters left, and zireraft
rolied right to a hank angle of 5 This met certification coiteria

Test Conditicna: At 18,000 feet Hp. flaps up, landing gear up, 20 percent lorque, tim

mirspeed 150 KIAS. Anticipating left rudder, the ball was centerad when the aiteraft
stanad a right roll o 30°, andt during the recovery, the ball moved ? diameters right,
indicative of the left rudder input, This high altitede st seemed oo different than the
previous stalls at around 8 600 fret Hp.

Autoplot approach mode evaluation:

An ILS appruach o tinway 36R at Tulsz Internatisnai Alrpon was performed wilh
the autopilet coupled in the approach mode. Again, the autopilot control authority
wag very positive, tracking the glide slope and localizer quite accwrately. When the
autopilot was disconnected at 600 feet ahove ground level, the aircrafi was in tim and
2 cireling procedure oo land on runway 26 was made.
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ICING TANKER TESTS

Rimulated icing testing was conducied behind the USAF NKC-135A Icing Tanker at the
AFFTC, Edwards Awr Force Raga (AFB), Calitornes, The tesis 20 Edwards AFB were
conducted at the request of, and sponsored by the FAA, and consisted of four flights be-
rween Apnl 26 throngh 28, 1996, Al coses associated with these tests wers bome by
MHI.

The test airplare was an MU-2B-00 {Marquise), Ragistrarion Number N7%MA, Serial
Muwnber 794 5A, The sirplans was a conformed aficle with the addition of audio and
viden recording equipment, and black painted siripes to show extent of ice accretion. The
video recording equipmett was to show the extent of ice acoretion located ingide the fse-
lage wilh extermal cameras or ports located on the leading edge of the venical stabilizer
rmounted in a small blister, & viswing pott on the underside of the fight hand wing tip, and
a viewing port on the tight side of the fuselage looking aft to the dght hand siabilizer,
The black paint siripes were one-inch wide and one-inch apart on the upper and lower
wing surfaces aft of the boots, Each propeller spinner was also painted with two refer-
ence stripes at approximately 23 and 50 percent chard.

The aigplune was flovm by a USAF Reserve Test Pilot, Licutenant Colonel Enc P, Hane-
gett, and the MHI pilot, Tommie E. Baichelor, Other crewmembers on the ME-2B wers
an instrumentalion operator and a photographer/observer, The tests were supported by
the 452d Test Squadron with its NKC-133A equipped with a water icing spray g, A
Learjet wad cotitracted Fom Aeromet Inc. to pravide a calibration of the spray clond and
in-flight photographs during the fesls, The FFFRCR Team members aboard the NEC-
1154 wilngssing (he lests were Jon Hannan, Tim Smyth, John Dow and Joe Brownles,

Below is 2 chronology of the events that transpired during the fout Nights:

L. april 26, 1996, First Flight, icing conditions within 14 CFR part 25, Appondix C, cn-
velopa,

The USAF icing tanker takeod] was at 0720 Pacific Daylight {Saving) Time (POT).

Imitiglly, with tanker flaps 10°, 11,500 feet Hp, 220 knots KTAS, the MLU-2B was engine
power himited and had difficulty In mainizinng position behing the wankar. At 11,500
feet Hp, 210 K1AS, the MUI-2B was able w hold a srable position with left p tank behind
the water spray array [a larpe “shower head” device made up of nozzles for both water
spray amd mir emissions). The required MU-2B positions behind the tanker and {he aray
were evaluated for airerafl controllability before testing commenced.  With the MU-2B's
right engine and inboard wing behind the array, turbulence caused by abrflow from the
array and dowmwash from the tanker resulted in some buffeting on the MU-2B. With the
nose of the MU-2B directly behind the amray, turbulence canzed by the amay bufitted the
(ai] resuitipg in a lateral sidesiep translation, If the pilot was active on the udder, posi-
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iior could e maintained precisely. With the tanker slowing to 200 ELAS, there s2amed
b0 be po difference in aircmft conicol TeQUITSIERTS (0 aiflain pasition (tom the 710
EIAS vase,

L'pon reaching the peoper test conditions, the waker was sot up for testing. The ranker
engines 2 amd 3 were 52t w0 83 percent b provide proger blead zir pregsure to the icing
artay for atomnization of the water at the nozzles, and to prevent water from freering in-
side the boom. Engines | and 4 were ad|tited a8 nevessary to matntain girspeed and ali-
tude. At |§,000 feer Hp, 200 KIAS, 0.} *C Tota] Ajr Temperanire (TAT), the Aeromel

Lesjet calibrated the cloud, 75 feet aft of the arury, at 0.1 10 0.20 g/m® LWC and 25 1o
40 um MVD drops et 30 percent Relative Humidity (RH} (quick look st data). Thess
values {data where there is decumentation from on-hoard instrumentztion in (he chage
Learjet such as Indicated Airspeed ([AS) ALT, RH, TAT, LWC, and MVD) vary some-
what during the conduct of the tests. The values Eiven are representative of the test point,
however, the results of the data takes Fom the vhase airplane and sppropriately processzed
are considered the official values, That data can be found in a scparate ¥ H! document.
The eationale is thal some of the parametery varied during the tesi and, in the case of
same of the FS5P data, there wers some probleims found later, and have been resolved,

The MLU-2B was able o get imio pasition with the nose accreting ice, but was unable 1o
hold the position at 200 KIAS. The formation then slowed 10 180 KIAS, Outsids (he
tarker wake, the MU-2B cequired SE40 pownds per hour (PPH} fuel flaw, and at 75 foet gt
o array, the fuel low required was 600 PPY. The Leagjet then made ¢loud calibrations
at 17,500 feet Hp, 0.7 °C TAT, 100 faet aft of the atray, tanker engines 2 and 3 at §9
percent. Ock look data indicated conditions at 27 pereent ambient RH, 0,15 gl LWC
with 40 wm MVD drops (lurger dreps near bottom af clowd),

Testing commenced with the MO-2R flying 100 teet aft of the array, with the nose and
left fusclage in the icing cloud produced by the areay (hereinafter referred fo s the
“tloud™), at a temperature of -02 °C TAT. lee accreted on nase, landing pear sponsang,
hovizontal stabilizer to fusclage fairing, and the lower part of left windshicld, The lenger
the MU-2B remained in the cloud, more 2rigine power was required 1o maintain positicon,
After 6.5 minuics in the cloud, the MU-2P cxitad to shed the agoreted icc,

After the ice was cleared, the MU-ZB  was St up with the tight inboard wing in the
tlovd. At-0.3 °C TAT, ice secretion was Immediale on wing o fuselage fairing, beneath
right wing, dorsal fin, hocizortal stabilizer to fuselage fairing, and leading edpe of honi-
zontal stabilizer exttending about 1-inch 3R of the stagnation point. Little ice accreted on
the right engine propeller spinner. Fyll BovYEr was now reduared to Stay in position. lee
Bdso pocreted on ehe Hght inboard witlg boot aft of the propelter arc. Full POWEr was ol
enough to held position znd the airplane began 1o lose position after 11 Mimites in the
eloud. The airplane exited the cloud down and to the lefi for pictures from the Leare
and the boowm operator's position. Iee accretians wire obaerved on the horizantal stabi-
lizer outhourd of the slevator balance hory and the leading edge hoot, on the right e0gine
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nacetle, the right wing boot aft of stagnation point with no ice oo the areg around stagna-
tion point. To maintain position, 10 w0 127 of left control yoke deflection was required.
A stngle boot activation shed ice from the horizontal stabilizer and most of the wing, but
all of the ice from the right inboard wing ncar the [cading edge did not shed, The Learyet
performed a post-test peint calibration ac 17,500 feet Hp, ¢.00 °C TAT, 130 KIAS, and
the liquid water content increased the closer the airplane was o the amay.

The MU-2B was then set up bo ez the 1eft outhaard winy, just inboard of tip tank, at 22
percent ambient BH. Immediate accretion was noted on the Up tank nose and tip tank 1o
wing fainngs. Three and a half minutes later, ice was observed on the wing bool, &
comment was made from Leanet — ice oo wing bools was acereting still within active
portion of bool, Aller a kool gyele whens all the bools cleapsd Ltheit ige, the MIUJ-2B re-
mrned to Edwards AFB for landing. At 17,500 feet Hp, 0.9 °C TAT, and 284 percent
armbient RH 2z measured by the tanker, 3 final Leerjet calibration measured the cloud at

(.5 to 0.6 g/m’ LWC and 30 pm MVD drops.  The tanker [anded 1012 DT yielding 2
hours and 52 minutes of flight time,

The fol lowing arc somec of the observations from the USAF Test Pilot flying the MLE-238:

With ice accretion on the right inboard wing between the nght engine and the fuselage, to
maintain wings level in the cloud requiced approximately 20° of leit control yoks (lelt
gpoiler up). Clear of the clouwd and the tanker wake, it still cequired some left spoiler 1o
maintain wings level. As the ice imelted andor sublimated, the requirement for lefi con-
trol yoke decreased. Howewer, for ice accretion on lefl outboard wing, no real necd for
right lateral control displacement was poled to maim@in wings lavel. {Since the propel-
lets rovtake in the same direction, the low ficlds afl of the propellers was not symmetrical,
nor was the oo that [ommed symmeitical )

2. April 26, 1994, Second Flight, iving conditions beyond 14 CFR part 23, Appendix C,
{3LD).

The UISAF icing tanker takcoff was at 1329 PDIT,

The first test point Learjet calibration at 17,600 feet Hp, 180 KIAS, measured 3.5 *C
TAT, 0.3 to 0.35 g/m’ LWC, 25 ta 3¢ 1 MVYD drops, and 23 percent ambient RH.

The MU-IR left outhoard wing was positioned so that the bp lank was in the clouwd ae
18,600 feet Hp, and -0.5 10 -0.6 °C TAT. Some ice accretion wad noled on the wing
bools. However, the outside aic temperafure was not stable. The decision was to hold
altitede and monitor the ambient temperature fluctuations. The tanker required maximuom
poweEr ab maximum engine temperature on the inboard cogines bo hold airspeed and alii-
tade. The formation slowed 10 175 KIAS. The tanker had lo reduce power on the in-
board engines after a time limit was reached at maximum power, There was some dill-
culty in adjusting the cloud charmcteristics with the engine power limitations on the
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tagker, and @ comwunication faiflure ar the boom aperator’s station. Therefore, the deci-
sion way made to abort the fest (holding 18,000 feet Hp, TAT iluctualing £1.% °C). A
Leanyet cloud calibration was performed before departing av 17,500 feet Hp, 175 KIAS,
75 feet aft of amray, 1.2 to 0.9 °C TAT, tanker engines 2 and 3 92t to 92 percont, water

flow 2.6 gallons per minute {GPM), that measured LWC 6.3 g,-fmJ and MVD 50 pm. The
tanker landed at | 659 PDT after t hour and 30 minutes of flight time.

Mote. A comment from the UUSAF Test Pilot flying the MU-2DB — flying in downwash
from the ranker is equivalent o climbing, reguiring 100 °C mon: EGT then in sl air. 10
* right eantral yake was reguired with the left outboard wing immetsed in the icing cloyd,
A comment from the observer in the Learjer — all ice acerction was on the boots, with the

ice fimit moving afl along span woward wing Hp (3 logical resull from wing twisl
{washgut)).

3. Apnl 27, 1996, Third flight, icing conditions beyond 14 CFR part 25, Appendix C,
(SLIJ.

The MU-IB took off before the anker 10 raduce the arogs weight with fuel bom, The
USAF icing tanker takeoff was at 07312 POT.

For the st test puint, the Learjet ¢loud cafibration at 16,350 feet Hp, 180 KIAS, tanker
flapy 207, +(16 “C TAT, engities 2 and 3 set al 345 percent, water flow 3.1 P, 50 feet
behind array, measured LWC 0.2 to 0.3 g/m? and MYD 100 pr. The M1)-2B positioned
the left outer wing in the clond und had DPOWEF 0 gpare duc o e lower altitude and
lighter grosy weight. The tanker water fow talc had changed o 4 GPM. Tanker efigines
2 and 3 were reset to 93 percent and the flow rate decreased o 1.1 GPM, as in the previ-
ol calibration, Iee accretion was noted o the tip rank nose, the tip tank to wing fairing,
al aft of the wing bootz. The fornwation climbed 1o 17,050 feet Hp o maintain TAT at

-6 *C. Ag before, the acgretion impingement line tollowed the oubsard wing twist and
airfoi] section chanpe.

The temperature nated was -1.2 *C TAT and armbient RH was 124 percent when ice ac-
cretions were nated back 1o the third black s pe on the bottom of the left wing (aft of the
boots)  Inereaszed requirement for nght control yoke displacement to 15¢ was observed,
with excursions ta 20 o 25%. ce on the leading edge was heginning to sedf-ghed in the
area aft of the propeller tips. To completely de-ice the boots zbove the slugnation poim
required b boot cycles. It was reported that it appeared as if the boot inflation tubes
below the stagnation peint were not inflating. The test pilot commented that there was
less conirel yoke deflection required after the boat ¢¥eles, Three minutes afier (he previ-
ous boot eycle, ice self-shed from below the stagnation point. When the MU-2R moved
tut of the tanker wake, the pilor noted a centered raptro! yoke., The MU-ZB then de-
stended to mekbr and sublimate the socrated 1ce, while the Leurjet performed another elowd
calibration. The Learjet calibration at 17,200 feet Hp and -0.6 °C TAT was LWC 0.3 1o

{td mm’ and MYD 40 10 L, The tanker had 132 of flaps extended.
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For the dexl pemt, the MU-2B positioned the left mmboard wing in the cloud. Trmimediate
ice aceretions were noted on the herizontal stabilizer 10 fusclage strake (4 rather sharp
leading edge). After a minute and a half, ice accretions were observed on the wing boots,
the left propeller spinner, and the inboard cogine nacelle. The propetler spinner accre-
fiong were back to the propeller blade roots. The appearance of “ice fingers™ was ob-
served under the wing. Frost to the back edpe of the boot on the upper surface of the
horizontal stabilizer was also noied. This point required control voke movements (hat
were centered around the reutral position.  An ice ridge started to build on the engive in-
ket, even though the engine inlct healer was in the ON position. A % inch of ice was
noled an the horzental stabilizer leading edge belaw the stagnation peint. A boot cyele
was initlated when the double-horn ice reached ¥ ineh on the wing leading edge. The
MU-2B crew felt the shed ice as it hit the horizontzl tail. The honzantal siabilizer oot
shed complelely clean. [ce remained aft of the boot on the Yowst surface of the wing.
The ice was & inches afl of the second stripe on the spinner, near the propeller Hlade ool
The Learjet performed another post-peint calibration, The calibration at 17,200 feet Hyp,
175 KIAS, -0.6 °C TAT, 3.1 GPM waler flow, and 22,4 percent ambicot BH was meas-
ured by the tanker. BH measured by the Learjet in the cloud was 78 percent and 0.3 1o

0.5 gufrn!' LWC with 3¢ pm MV The mission was complets and the tanker landed at
0944 POT for 2 hours and 12 minutes of fight t1me.

Mote, Comments wers ieeofded during the flight deboefing — the MU-2B pitch atihde
at 180 KIAS away fiom the tanker wake was 3'4°, and within the rankcr vake was 614%,
The observed enging inlet ice was a safety concem. The AFM/Filot Operating Handbook
rocommmends allowing Ya ioch of e to accretd on the wing hoots befors imbaeng 2 boot
eycle, When the boots were cycled with i-inch accretion, the wing outer boots did not
completely clear, Approximmately 178 mch of 1or mmained at the stagnation poim. Ice
alee accreted below the stagnahon point and back 1o the (hird paint stope oo the under-
side of the wing, aft of the boot, There was 378 inch of ice oo the tip ok Light shizld (a
sharp medal sheoud around the light} and a Jarge ice shape on the inboard engine oil
cooler inlet. (There are bwa electrically heated semicircular protruding air inlet scoops on
both sides of the aft pottion of the engine nacelle providing ram air to the engine oil
cooler)

4, Aprl 25, 1997, Fourh Dight, icing conditions bevond 14 CTR part 25, Appendix €.
(5L

The USAF iving tanker takeulT was et 0709 PDT.

Trmilial Learjet cloud calibration at 14,730 feet Fp, 180 KIAS, 11.1 °C TAT, with tanker
engines 2 and 3 at idle, water fow tae 4.8 GPM, 14 percent BRH, measured LW 0.7 (o
.85 g'm’ and MVD 110 to 130 pm. Durcing the calibration, the Leaget T-tail upper sur-
fare acereted ice almost immediately to 30 to 30 pereént chord, and its rght engine spin-
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ner alse collected ice. Tanker water flow rare was so high that the estimated time il
water exhanstion was | howr and 45 minutes ;

The bU-28B was positioned with the Left outer wing in (e clovd. Tos wos noted acercting
near the up tank to nesr the aft extent of the wing boot. After 6 minutes, the boots were
cycled. An ice ridgs was observed afi of the boot. After the boot cyele, the pawer re-
quited to hold position was a linle less. Afer ¢ minutes, some ice sclf-shedding was ob-
served.  An observer in the Learjer reported ice 4 inch thick, % inch aft of the boot
(between the boot and the frst black Paiitt stripe) on the top of wing. lee “nodules and
feathers™ were noted to extend aft to the first black stripe. It was observed that flap
mechanism tainings and enderwing surfaces collected jce nodules back to balf of the wing
chord, The boots were cveled T minutes afier the previays boot cyele and resulted in less
right control yoke displacement, and again [evs engine power wag required to hold posi-
tion. [ee aceretion was observed back to the first Black stripe am the 20p of the wing, and
ice ndges accreted past the third paint stripe beocath the wing, Theee minwtes afer the
Previcus boat cycle, the boots were cycled again. There waz an immediatz 5° reduction
n roll conlrol required, and 4 20 C engine EGT reduction in power reguired to hold po-
sition. [ce 1-inch thick was noted back 1o 30 percent chond on the vnderside of the wing,
A ice aeereted, the sonirel yoke was displaced up to 25° right end 2 15 *C EGT incrcase
1N engine poswer was raquired to hold position. The boots were cyeles] 3 minutes after the
previous cvcle. The ice aft of the boot remained on the wing. The MU-ZB oxited (he
thoud ot the conclusion of this test point,  Clear of the tanker wake, the lateral control
displacemnent was siill the same and resuited in %5 ball out of tnm to hold wings lavel. As
the ice melted or sublimated, the roll control requirement decreased. The posi-test point
Learjet calibration a1 14,550 feet Hp, 180 KIAS, +2.3 °C TAT, with the tankey engines 2

and 7 at idle, 4.46 gabimin water flow rate, measwred LWE 0.7 I 6.585 w'm’ and MVD
100 ta L5 un.

The MUI-2B was positioned with the right inkbward wing in the closd. The crew nated ay
immediate ice buildup on the windshield wiper blades and on the unhicated portions of the
witdshiedd. The propeller spinner was catitely covered with ice. The crew commentad
that ice was butlding fastar than they had ever seen it uild. The ica impingement line un
top of the rght inboard wing formed an elliptical pactern, further forward newur the fuge-
lage and the engine nacelle, and Farther 28t on the wing oot between the fusetage and the
nacelle. Some ice sclfished aft of the Prop Up. After 3 mibutes in the cloud, there was g
13 R roll conrol requirement 1o hald pasitien, Ice had accreted on the upper surface
around the engine inlet. The booly were cycled after 4 minules ig the cloud  This pe-
duced the required roll conial displacement by 4. The crew commented that the jes go-
curnulation on the side of the engine nacelle could be 1 visual cue for large drop (SLDY
accretion,  They also eapressed a safely coneern about the ice ayound the engine inlet
{potential For flamecul). Soon after the boot cvcle, the controls reverted back 1o the 15
of left voll contrg] displacement The ice detector Appeared (o function properly, Very
little e accretion was noted on the side window. Ite was observed to form on the right-
hand side of the leading edge of the verlical stabiiizer. The roll conteg| requircment in-
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creased up to 23 to 30° control position. The toots were cyeled 3 minutes and 40 see-
onds after the previaus bool cycle. Rall eomteol again reverted back o 10% in only 46
seconds after the boot cycle. Thirty four more seconds and ke rofl conral had reached
the pre-briefed limit of 33°, The MU-2H exited the cloud after % minutes and 25 seconds
to de-ice the boots, The boor activation out of the clowd did pot remove all of the ice on
the boots. lee was noted ¥ to 1-tnch thick aft of the boot on the underside of the wing
that extended back to the third paint siripe.  While the MU-2B descended to a fower alti-
tucde bo de-ice the airplane, the Leaet performed a calibration at 15,0040 feet Hp, +2.8 °C
TAT, 4.4 galimimn water flow, tanker engines 2 and 3 at idle, and measured the MVD at
(10 tor 130 pamn

The MU-2I3 was positioned with the left inboard wing in the clond. Ies acerstion wos
very rapid and very quickly reguired a 10 w0 157 right coll conitol input. The sides of the
cogine nacelle accreted ice within one minute, Again, this was noted as a good visual cue
for farge drop (SLD) recognition. Generally, the same comments prevailed aboul the
power and totl conkral required during ice accretion and baot cyeles, as were seen in the
previous test point. Larpe drops (8LD) anywhere on one wing section affects the roll
control requirements.  However, SLT has a more significant effect on the inboard sec.
tions. Afler 12 minuees in the clovd, jee accurmubation was noted back to 3 inches afi of
the third paint steipe on the underside of the wing., After 13 minutes, a small kce ridge aft
of the boot was abeerved on the vnderside of the horizontal seabilizer. After 14 tinunies,
the propeller spinser had accreted a conc of % to I-inch thick ice. The iec cone on the
spinner appeartd to wobble and vibrate causing a safety concem. The MULZR exited the
cloud and dascendad to de-ice the airplanc,  The post-point calibration was performed at
15,400 feet Hp, +2.3 °C TAT, 4.5 gal'min water flow, tanker epgings 2 and 3 at idle, and
the tanker messured RH at 16 percent. The Learer measured EH of 40 percent in the

clowd, but thiz is not considered an accursle value, with LWC and MYD values about the
game a3 e previcus pant.

~The MU-2R was positioned with the nght inbosrl wing in the clowd at 200 KIAS for a
tower ADA cvaluation. Again, immediate ice accretion was noted on the mbpard surface
of the engine nacelle, confimning (hat this is a reliable visval coe for Large drop (SLDY)
recophition. Wing ice aceretion again appeared to be aft of the boot. Some ice self-
shedding was noted from the ook Toce accretion was observed on the upper wing surface
to the aft part of the third black stripe. The ice builk up rapidty within 1 minute and 40
secomds, This ice formation was ot atributed to runback jce, since thers was no sub-
stamial light green coloration on the leading edge of the wing forward of the ice accre-
tian. The aft chordwisc coverage was consistent with decreased ADA and the leftripht

wing asymmetry was due o peopeller aiflow effects. Thes test point was teominated in
lagz than 2 minutes,

The Leanet post-paint calibration was at 15,400 feat Hp, 200 KIAS, +2.3 *C TAT, 5.44
gal'min water flow, LWC about the same, and the MV wag 100 am.

The tanker landed at 0952 PDT after 2 hours and 43 minutes of flight time.
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Mote. Comments wers recorded from the flight debricfing - the MU-2B USAF Test Pilot
stated that the inboazd wing ice had the greatest effect on roil centrm requirementy. Re.
garding visual cues, the tp tank is the easicst to see as the engine nacells is taa Far aft o
Ir: eastly observed. De-ice boat cycles ¢auze an aimaost instantanecus reduction in the roll
control required.  The cloud termingting criteria for ol vonirol, 357, was establishad
relative 10 a clean airplane by the control yoke dispiacement tequired 10 makntain Wings
level with full wim ailevons, It was also siated that Appendix C ice aceretion loaked like
frost, and drizzle size drops looked liked wel "Grapenutd.” The copilot of the MU-2B
wag impressed with the rapidity of SLID ice accretion an windshiclds and spinners. 1 was
lso observed that SLD ice acowmulated on the vpper comer of the engine “smile” shaped
inlet, aft of the spinnes. The crew reported they felt unusual vibrations with the thick ice
aceretion on the spinner. ALl immersions into the cloud were fliwm with the engine con-
nnuous ignition in the ON position. [ew on the inboard engine oil cooler inlet seoop
Formed a ridge that started to cluse off the inlet, but no increase in engine oil lemperature
was nuted (there 35 an identical oil coaler inleg $coop in the outhoard side of the nacelte).

An observer it the Learjet said that the ice ridge on top of the right wing extended aft to
the leading edge of the first paint stripe. Iz acereted aft on the underside of the wing to
25 percent chord with distdbuted eoughness elements back 1o 40 to 50 percent chord.
Also, litle noduies of ice were noted! on the underside of 1he hovizontal stabilizer, An-
ather obgerver in the Learjet said that the ice an the undersurface of the wing scemed to

be related to the paint stripes {painl stripes ereated surface discontinuities, which served
5 a colleshnn site for droplets).

AR observer in the MU-2B said that the underwing ice extended 2 10 3 inches aft of the
third paitt siripe, inclling a rvidge of ice un the boats, 1ha FAA Test Pilot stated a con-
&6TT aboul the incresse in drag observed with small accrelions of SLIY ice and what totaj
immersion of the airerafi in an ive cloud would do 1o drag and power required. The
Acromet Learjet teteorologist stated that the turget LWC of 0.7 and MVD of 120 pm
were met with only deviations of a litle more LW and a litte [ess MV basically the
same canditions as & previous large dropler icing tanker campaign {SAAB 2000,
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STALL CHARACTERISTICS EVALUATION

On Apnl 2%, 1996, after completion of the MU-2B icing lanker 1csts, a Right was made
from the AFFIC, at Edwards AFB, 1o demonstrate the test aircraft to the Cotwmander of
the 452d Test Squadron. The projert FAA Tesl Pilot, Joe Brownles, accompaniaed the
Commander, L. Colonel Cavid Eichhorn; the hHI Pilat, Tommie Bachelor; and Video
Operator, Michael Bathes, of Visnal Productions. The FaA Test Pilot evaluated statl
characterstics, with the arplans 10 the same est conditions flown in the mitiaf aperafl
evaluation. The aircraft weight and c.g. were 10,5300 pounds and 294.2 ipches, but stall
characteristics were much beer than those evaluaed al Tulsa, Oklahoma, on April 18
ard 12, 1996, and met the criteria in FAR § 23,201 - wings level stalls.
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EECTION fT — e NeHT TRNT RESORTE

HANDLING QUALITIES EVALUATION WITH ARTIFICIAL ICE
SHAPES AND ROUGHNESS

Awgust 5, 1994, Clinten-Shemaan Atrpert, Oklshoma (C5M)
MU-2B-60 {Marquise] Remstration Mumber M7936MA, Senal Mumbar 704 54

Remp weight — 10,524 Lbs. Center of Gravity — 192,97 inches aft of datom {near for-
ward c.g.)

FAA Test Pilot — Joe Brownles; MHI Filot — Totimie Batchelor
FaA Test Pilot = Jort Hannan: MBI Flight Test Engincer — Larry Timmons
Viden Operator — Michae] Barnes, Visual Productions.

Flight FA A4 = Takeofl 1809 Central Daylight Tume, Land 1343, 0.5 hour Aight,

The horizonlal stalcer leading edge was fitted from span to span, with 60 grit sasd-

paper covenng the de-icing boot on the top surface, and extending much further aft of
the boot on the bottom surfacs,

Test Conditions: Pushaver mansuvers were performed af flaps 207, landing pear
dovan, engine power for level flight at 105 KIAS (1.3 ¥ ;). and flaps 40°, gear down,
power for lovel flight ad B8 KTAS (1.3 V). MNomal load factors for the target air-
speeds were approximately (L0 g's (no g meter installed). Thers werd no pereeptible
longitudinal conizo] farce lightening and no force reversals throughout these maneu-
YCIS; 1.6, BN increasing push force was required to achicve and hold 0.0 £, It was not
necessaty to reach the longitudinal control furwerd siop to penemie the pitch rates w
achieve the targel load factors, The maneuvers were repeated in the approach con-
Mguration, with the slip-skid indicator held 4 ball diameter and one full ball diameter
fromn center, with no perceptible change in longitudinal conteol foree,

Flight FAA-S — August 6, 1996, Takeoff 0948 Cenlrzl Daylight Time, Land at 1122, 1.6
hour flight.

Remp weight — 11,520 Lbs, Center of (rravity — 195.8 inches aft of datum (near aft ¢.g.}
Sarne airerath, same crow,

The aircraft was clean of any artificial ice shapes.
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Baseline hendl lifies 1egp

Windup tums, rapid roils, and wings tevel stall characteristios wece evaluated in the
following configurations (lums amt rolls were evalugted with power lor level flight
and boois Rot inflated),

Flaps up, landing gear up, enpine powsr at idle and 75 [ereent torque {rorques malchedy,
inim airspeed 134 K1ag,

Flaps up, landing gear up, engine puwer at ide and 75 percent sorgue, i Lirspend 134
EIAS, bonis inflated,

Flaps 5°, landing gear up, enpine power af idle and 75 percent torque, im airspeed 135
KIAS,

Flaps 5% |anding gear up, engine power at idle and 75 percent torque, trink aicspeed 125
KIAS, lowts inflatcd,

Flaps 20%, tunding gear dgwip, enpine power af idle and 75 percent forgue, tim aitspeed
T Kias.

Flaps 20°, landing gear down, engine power at idle sod 75 Percenl tonque, nm airspesd
E19 KIAS, bants inflated.

Flaps 40F, landing gear down, engine power at idie and 75 percent terque, tnm airspeed
103 KIAS.

Flaps 40°, Tanding gear down, engine power ile and 75 MEFCEnN tOMQUe, [rim sirspeed
103 KIAS, boots inflated.

Windep tum to approximately 1.2 to 1.3 £'8 revealed virtually constant latera) control
forces to achieve and maintain bank angles, Timed rolls from 307 through 30° using
full control wheel {hrow, rudder fixed, revealsd no lateral cantrol force changes. Roil
vales with flaps full down (40%) ware qoticeably [ster than in ather configurations.

Stall definition was the attainment of full af longitudingl contral. Thers was no nose
down pitching mament, which could not he arrested by movement of the longitudinal
contrel.  Generally, il the airspeed deceleration rate Wwas maintained at ong knot per
second for as long a3 passible, coll attitede could he maintined by aggressive Jateral
control, ustally 1o fuil left iravel, and the slip-skid ball could be maigtained in the
Lenter by apgressive yaw control, the airceaft would pazs FAR § 23.201 roll and yaw
anzile Coteria.
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Siall woarming marging between stick shaker and the minimum speed in those stall
characteristics evaluation maneuvers werc in the vange of 5 to 10 knots, but with
boots inflated, the stick shaker (stall waming) either did not activale or activated just
before the mininaum speed. Airframe buffet o minimum specd margin, boots inflated
or conformed, was arcund 10 keots witl flaps up, hut with flaps extended, the margin
decreased to very near (he minimum speed.  Power on stall miniroum specds were
secn as Jow as 30 K1AS, due probab]y to aivspesd position corors.

Bazcline autopilet conttol tests:

With flaps up, landing gear up ot 12 {WHF feet mean sea jevel {MSL), the anmopilotfyaw
damper was engagesd in ALT hold and heading hold, At 180 KLAS, the power levers
were relarded [0 1 snd the lotques were malched, During the airspeed deceleration,
longituding trim moved nose up at a rate which increased with decteaging sarspeed,
and rudder iInm was minimal, Roll contept moved sluwly left 1o approximatels 152
angle. The sutopilot was manvally disconnected near the airplane stall with a 2,300
fi'min descent rate. There was no awtomalic disconnecl [eature in this antopiot 1o-
stallation. Ajrcrafl cantrol forces, after subopilot discommect, were actually lighter in
pitch than the previous stall chamctenstic mancuvers because the autoptlot longitadi-

nal tim ¢ontinved to input nose up tim throughout he deceleration, & normal stall
re,cq::\-'ery MALeUver was mmadc,

From 12 0HK} feet, the sutoptlol was engaged wilh landing gear down, flaps 207, 1he
engine power was tetarded to idle, and at 125 KIAS the autopilot pitch contral was
moved nose doam to esiablish 3 20040 fmin descent vale, The ALT pre-sclector was
sel to 000 feel and ALT slegt mode was entered. At approwimately 2,200 feat, the
antopilet started to pitch the nose up and the longitudinal mim started e move noze
up. Al HHK feet MSEL, the altitude was captured and the airspeed decelerated.
Similar roll control movement to the constant altitude airspeed deceleration was ob-
served, and avtopilol disconnaction and maneuver recoirary was made af 30 K1AS.

This descent was repeated by setting the ALT pre-selector below 9,600 feet, and at
2000 feet scleciing ALT capturt mode, The aolopilst immediately started to pitch
the: s up and the longitedingl tim started to move nose up.  The aircraft descapded
below O,/WH) feet and the zutopilot tned o chimb back to the targat altitude, therefore,
airspeed deceleration cale was quile fast and the stick shaker activared al 85 K1AS,
The avtopilol induced control movement was essentially the same as the pravious test

Baseline directional stability tests:

With flaps up, landing gear wp al 56,300 feet M3, 130 KIAS, wings level sideslips
were established with ane slip-skid ball displacement in both directions. Latera] gon-

trol displacement ¢ mamntain wings level was measweed al approzimalely 107 both
left ared right.

Tege= [1.21



FEFICR 0F THE MITSLRISH HEGFY Dencanpies MLSZR Senes AIEFLANYE

Flight FAA-G - August 6, 1996 Takcaff 1502 Central Daylight Time, Land at 1627,
1.4 haur flight.

Eamp weight — [ [,507 Lbz, Center of Gravily — 1485 inches aft of datkm fnear aft ¢ )

Sume aircratt, same crew.

The wing was covered with artifieia] ice shapes, emulaling toe formation during icing
tanker testing with ice beyond 14 CFH pan 25, Appendix C, envelopn, in the form of
“roughness elements™ from ait of the de-ice baot 1 approximately 13 percent chord (see
photographs in the Icing Section). Also, the dght side of the verticel stabilizer was giei-
larly weared with these "roughness elements.”

el li :

Latcral control forces were approximately the same in windup wos and rapid rolls.
Foll rates with flaps full down (4G°) were apain noticeably faster than in other con-
figuratiomgs,

Stall characteristics with this ice shape were aot evaluated vith boots inflated hegause
pants of the anificial ice shape were affived 1o the wing leading vidge with metal srapy
around the boots.  Stall definition was again the attainment of fitl] aft longitudioal
conlrol and, as before, there was no nose down pitching noment which could not be
arrested by movement of the longituding] controf, The same comments 2z in the elean
copliguraticn apply, atthouph there was a noliceable sofness it the lateral control, as
il ol} spoiler hinge moments were lower,  Sial] warming (stick shaker) was ejiher
nonexisient of accurred near siall definidon, similar to stall wamip k with de-ice boots

inflated on previous flight with no ice shapes. Eight to moderate baffet was felt near
the normal stall waming airpceds,

Stall waming marging between stick shaker and the minimum speed in these srall
characteristics evaluation mancuvers were in the rangz of 4 to 13 knots, but the stick
shaker would not aciivate during al] stalle. Airframe buffet to mindmum speed margin
was 6 knots with faps up, but with flaps extended, buffet and shaker were hear coin-
cident. Power on slell minimum specds were seen 25 low as 49 KIAS, due prabably
to airspeed position ernors.

Autgpilon conirel 1ests:

With evwpitor enpaped a5 on the previous flight, during the aicspeed deceleration, rol]
control moved progresaively left wntil the £l control $top wag rezched al near 907 of
contral yoke wavel near the stall, The autopilot was mamully disconnectsd and a
normil stafl recovery manewver was made with guite fw control forces.
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From 12,000 leet, the autopilol was engaged, i power was retarded to idle, apd at
125 K1AS, the autopilot pitch control was moved nose down to esigblish & 2,000
ft'min deseent rate. The ALT pre-selector was act below 9,086 feet and at 9 000 fect
altitude, the capmire mode was selected.  The autopilol immediately started to pitch
the pose up and the longimdinal trim started to move gosc up. The aireralt descended
betow 3,000 leet and the autopilot tried o climb back to the tarpet albtude, therefore,
airgpeed deceleration rale was quite fast. In this case, rotl conlenl moved night to ap-

proximalely 307, then the autopllol was disconnected and the recovery manciuver was
made.

Dyirectional stabilivy losts:

As before, with flaps up, landing gear up at 8300 fect MBSL, 150 KIAS, wings level
sideglips were esiablished with one slip-skid ball displacement in both directions.
Lateral eontrol displaccment to maintain wings level required siightly more Aght dis-
placement with left runkber than 12 displacement with neht nelder.

Elight FAA-T — August 7, 1995, Takeoff 0852 Central Traylight Time, Land at 1017, '
1.5 hour fhight.

Ramp weight — 10,924 Lbs, Center of Gravity — 1596.0 inches aft of datum (near aft c.g.)

Same aircraft, same crew,

The wing was covered with antificial ice shapes, emulating ice formation durtng SLD ig-
ing tanker testing, [ce shapes wers duplicaied i the Earn of an imcgular ndge with peaks
up to ¥a inches just aft of the de-ice boots with “roughness elements” from aft of the ridge
to approximately 13 percent chord (zee photapraphe ik leing Seetion).  Also, the noght
side of the vertical stabilizer relained e previouws “roughoess clemoents.”

Handli lities tests

Lateral confrol foreed were approdimately the same a3 in the previcus flights in wind-
up turns and rapid ralls, but siall hoffet occurred at higher speeds. With flaps 20°, the
feel of the aircrafl was as if it were m the Maps 490° configuration. With flaps full
down (407}, there was a perceptible lateral contrel “dead band™ where little rol! mo-
tment was gencrated with control movement, bt roli rates with flaps 40° were again
noticeably faster than in other conligarations,

As before, stall characietiztica with this ice shape ware not svalvated with boots in-
flated becavse parts of the artificial ice shape were alfixed to the wing leading edge
with metal straps around the boots, Stall defimtion was again the attainment of full
afl tongiludinel contro] and, as before, there was 0o nose down pitching moment
which could not be amresied by movement of the lopgitwding] conttol. The same
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commients as in the slean configtimtion apply, although there wag 4240 a ooticeable
soltness in the leteral control, as if rol| poiler hinge maments were lawer.

A landing gear vy, fape up stall maneuver was performed with twa of the crewmem.
bers seated in seats fiucther aft than before, causing the c.g. to be 199.1 inches mear the
aft limit. Grenerally, with duc regand 1a maintaining caordinated fight, the chaructar-
st were the same as ail other maneuvers,

In this configuration, the stick shaker (stall warning) Jid not actvate in stalls with
landing pear up, flaps up; the landing Bear up, flapy up aft ¢.g. stall; and fanding gear
down, flaps 40 idle power stall, Xial] WALy margins between stick shaker and {he
minimum speed in the reat of the sl characterislics evaluation mancuvers were in
the range of 4 to 15 knots, Airframe buffet to minimumn speed margin was from 14 to
33 knots. Power on stall minimuem speeds was seen as law as 60 KIAS, due probably
10 atrspeed pwisition errors,

Autopilod control tegts:

With autopilot engaped as on the previous fight during the airspeed decileration, toll
confrel moved initially right, then progressively left, unil %0% of contral yoke trav-
eled m 1O KIAS in medemate Butfer, The #Itopilol was manuelly disconnectad and a
ngrmal stal] recovery maneuver was made with guite low contral forces.

Agun, the auopilor was engaged in ALT hold snd heading hold, and the power was
relarded o6 idle. The autopilot was manually disconnected at 130G KIAS and 2 href
handling quality assessment was made o mssecs the feasikility of limiting autopilot
uses 10 not less shan 150 K1AS in icing conditions. Wilh (he autopilot disconnected,
approxivmtely 207 of dpht eonmal yoke was required to hold the wings level. There
I na awtopilot actwated roll trim, bul the roli forces were arotgd 142 poynds.

This mareuver was repeated with the engine torjues reticded to 25 percent, Wit the
autopilot disconnected at |30 KIAS, there was a slipht roll rate to the left with con.
Tols free,

Diccctignst sigbil :

Az belore, with flaps up, landing gear up at &, 30 fear ML, 150 K1AS, wings fevel
sideslips were estublishedt with ane slip-shid bal| displacement it both directions.
Lateral conteul displacement 0 maintain winga level reguirad spproximately 20° of
right displacement with [efi tedder, amd approximately the same Joft displacement

with fght mudder = about twice the conteol displacerment as the wncontaminated air-
plune,

Fige [1.24
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Stall waming concem:

The artificial stall warming {stick shaker}) system did not perform s intended function
and could be eroncousty misleadiog with SLD ice shapes applied to this airgraft,
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1. SYSTEMS

Rerviee Difficalties
Discussion:

Service Difficulty Reports and AccidentTncident Data Sysiem (AIDS) Selected Brief Re-
ports were ceviewed on the MU-2D for the penod from 1981 through 1995, There were
ne reports on de-lee or anti-iee systems, which indicared that cepairs to these systems
wene considersd as normal maintenance aclions rather than systems failures.

The review did iind three ceports oh actytic windshields, fiftcen on cabin windows, five
on cabin door windows, one on cockpit side windows, one on crew emergency windows,
and two on windows., These reports included a few cases of entire windows or parts of
windows departing the aimplane, bul most were cracks or delaminations. The bainte-
nanes Manual contatns inspection criteria for the windows that may not be observed
consiatently.

The revicw also found five fallures of autopilot serve actuators that affected roll or pitch
contrel, ALY §1-01-0 was jssued against the autopilon sepve acluators. This review did
fot find additicnal service problems following the AD.

There wat some concem with the mamienance state of (he flect of 442 1.5, registered
MLU-2B aimplanes, as two of the accident aicplancs had or were suspected to have had
antiide-ige svstems inoperative peior to 2 Might into forecasted icing oomditions. The
Tearn contacted the Flight Standards Service, AFS-300, and requested a directed zafery
imvestigation or special emphass inspection of all keowte BMLU-2B mirerafl operating in the
United States. They were requested to pay close atiention to the number of patches,
holes, and detenoration of the boots, Aller mote than 12 months, only four reports have
been received, Of these fonr reponts, three were unfavorable, however, due to the small
sample size, it is impossible to detenmine 1f an AD 1s warranted to inspect the anti/de-ice
5yalems.

Recommendation:

Considenng the time span and number of aircraft, the Team finds o service problems
that require an AD ac corrective achon, but the Teatn récommends that MHI estahlish a
new scefion o the R{U-2B Mantnanes Manuals. Inclode i this section mandatory
comphiance for the servca bulleting issued for acrylic windows, inchiding aceylic win-
dow/windshicld inspections, and anll'de-ice system inspeetion.
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AntifDe-Ice Systems Review

THscussion:

Elight intn known iving was spproved based on analyses in Milsubishi Repart ME-0144,
and pilot iesimontals/icing encounter reports, i Milsubishi Report MR-014%, 13ken from
axtenyive operational experionees on A2PC aiplanes. Testing of the anti‘de-ice equip-
ment was limited 10 operational testing of the systems, and stability and control with the
baats inflited,

The 1984 SCR 1eam found the original cettification was comréclly done, but the final 3CR
Report did mention the possibitity of latent fuilures i the sirfiame de-ice system. This
Teview has foutl two such failuce nwdey in the de-ice boot SYSLCIL

1. The distributor valve has two indcpendent solencid valves. The “A™ valve supplics
bleed air to the wing de-icing booty and the “B* vajve supplies bleed air 1o the tmilplane
de-iging boots.  Thus, failure of tie “B" side will prevenl inflaijon of the verical and
horizontal tatl boots. This is a [ment failure mode because the system includes one pres-
sare swilch in the “A™ side that operates a cockpii fight when the pressure in the “a"
manifold is 10 plus or minus 2 psi. There is no pressure switch (o the “B” side arnd the
Gilplane boows are not visible from the cockpit.

2 The "B" manifodd from the discibutar valve 1o the tnlplane bools must by pass the
<ooling twrbing (air conditioning system} inlet air duwet This is accomplished ty bending
the macitold into & L™ shape af e inlet aip duct. Thus, a water trap is tormed. Freexing

of this water could prevent operation of the tailplane baots while the presswre switch
would be unaffected (see item 1" above).

The certification basis in both Type Certificates, ATPC and AIDSW, is CAR 3, amend-
ments 3-[ shrough 3-8, CAR 3, paragraph 3,690, amendment J-¥, requires the following:
“MNot more than ane cireuit, which iz essential lo zafety in flight, shall be prulected by a
single protective device.™ The Left-Hand Owverhead Switch Pane| {zee ffgure 11117 con-
tams four essential spstems: Propeller De-lce, Engine Intake Anti-lee, 01l Cooler Infer
Anti-lee, and Fitot-Static Anti-Ice, all receiving power from CB2107 {left-hand side) and
CBIL0X (right-hand sids) {see figurc [I1.7). In addition, the (MNAOFF switch for each of
these sysiems is 2 combination switchietronit Broaker. ‘Therefore, (bese four systems ape
profected by twa citguit breakers and if either CB2107 or CB2 108 Faifs to open, all four
of the downsiream esseniial systems would be inoperative, While the FFFSCR Team be-
lizves this desipn does not meet the vequirement in CAR 3, patagraph 3,690, amendment
3-7, this confipuration was FAA approved in the original certification and reaffirmed in
the 1934 SCR. The 1984 SCR accepted this configuration based on both the low prob-
ability of a cireuit breaker Fuiling in the open pusition after a preflight check had verified
it clowed, and the power monitoring capabiity of the svater. This sitaation has been dis-
cassed with the FFFSCR Team and while MHI roints out this configuration was twice
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found acceptable previously, they have agreed oo modify the anti‘de-ice system civeuit
protection by ehiminating CB2Z 107 and CE2 103,

This review mgluded a visit to a repair station, [nterconbnental Fels of Tulsa, Oklahoma,
with cxtensive experience in the maintenance of MU-2B airplapes. The Team spoke to
managars, the lead inspector, and varous inzpectors and tcchnicians. They said they
knew of no failure modes in “long” models that ere not preseat in the “short” models.
Iaintenance personnel did find tailplane boot failures that had not been reported by the

fight crew, and they staled they had no methed of removing water from the airftame boot
Sy SLemL.

FEHL Eibr

Figaere (1]
f..-l.'_'ﬂ-h'und' irThpas st h ;:.urn:l[

Recommenilaiions:

L. Recommend a service bulletin be issued by MHI to require the installation of a water
trap‘drain valve m the tail de-ice manifold pressiee ling, and require tat the aystem be
draitied during each 10 hour inspection. If the line accumulates water through conden-
salion or flight through rain, e line may freeze and render the tail boots inoperative.

2. Anopen Filwe of 2 single circuit breaker for cing systems resulis in toss of capabilily
of four essential anti/de-ice systems and should be corrected. Tssue an AD fo remove Cir-
cuit Breakers CB2107 and CB2103 for the essential systems that are protected by combi-
nation swilch/circuit breakers.
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5. By means of an AD, owdify the dirframe de-ice sysiem by instaliing a pressure switch
in the tai] de-ice boul pressure line, and revise the circuitry 5o the cockpit light will illu-
minate only when both pressure swilches eead the required pressure, and byth pressige
switches must have a minimwm sel paint. such that Dluminativn of the light annunciates
to the pilot that bath wing and tait sysiems are operating al 3 presscure that ensures all
boots arc al leas 90 percent of full nflation.

Fimura 115-2
Cirowif brepker panal.
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I¥. PROPULSION SYSTEM
Cruring the mvestigation, the MLU-2D poopulsion systém was extensively reviewed for
elemenis that may have contmbuted 1o the scaoanie of the MU-2B accidents where icing
comditions were forecasted or prezent prior lo the accident, These ipeluded:
A Ln-fhght engine fatlures.
B. Panial engine power loss,
C. Engine flarmecnts.
L. Loss of engine power contr.
L. Peopeller piteh control failures.

F. Improper prapeller ripging.

G.  Engine performance with inlet ice formation.,

H. Fropeller perfcrmance with 1ec formatiaons.
I Engine fuel control setings.
L Engine iorgue mstrument readings.

E. Engint negative ooque sensing [NTS) system,
L. Garrett TPE-331 seniee engine power rollback in-flight

M.  Malad City, ldaho, accident investigation. Engine and propulsion teardown re-
ports, and accident analyses.

A. In-flight enging failures.

During a review of the FAA Service Difficulty Repon [SDR) System for Garrce TPE-
331 engine fuilures insialled on MU-2ZB series airplanes over the last 17 years, the Team
found that 12 e¢ngitwe failures have beets teported, These reported engine fatlures have
occurmred for a nember of different reasons. The Engine Fuel Control Syslem can be
identified to cxplain the majority of these failures. 1t s considered that the failure rate for
this installation is no different from any other Ganett TPE-33 1 cppine installation. No
direct evidenes was found to indicate that engine failures appear io be a significant factor
that contributes to the MU-2B icing accident seenatios that were reviewed  However,
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several svstem improvements have been identified (hat can incregse safety apd are de-
scribed in the recommendation sections of this TCpRort.

B. Partial engine power loss.

A review of the comparable accident duts, FAA SDR System, and interviews with opera-
tor and maintetance personned indicate thal partial Enpine power loss (5 & condition that
the Garvett TPE-331 engine rarely experiences. No evidence was found to indicate that
thig was a factor in the MU-2B icing accident scenarios that wers reviewsd,

. Engine flameouts,

Five engine (lameouts have been reported in the FAA SDR System. Several of thesze re-
ports ocewred in weather where possible icing condilions were present.  1his can be a
significant facior in one of the elemenrs identified in the aceident scenaria, although the
Team's investigation has not found that this vondition is a direct cause of the MU-2B air-
speed slowdown prior to departure fromn contralled 1] ght 1o the mayonty of accidents, At
teast one accident, Putham, Texas, can be linked (0 an engine flameout, although we can-
net determine from the reponied physical evidence whethar the flameout oecwmed befone
or after the departar: from controlled flight, During dwe TUSAF icing tanker tests eon-
ducted at the ATFTC in April 1996, the Team found that & 6-inch diameter by a 14 inch
ik ice shape can be toomied in front of the engine inler especially when fiying io {SLD)
conditions. During one of the iving tests, o sigaificant chunk of jee brake loase from the
area identified and was inpested inta one of the engines. With the continuous ignition on,
the engine power was oot interrupted and the airplane lew normally, No engine damage
was fonwd during the post-visi) ImspeEsion fallowing this sccurrencs, However, as pre-
viously stated, the review of the FAA SDR Bysteth did indicite that several engines had
experienced a flameoul in §evere westher including icing conditions, Because of this
data, the Tearn asked AllicdSignal Tnc. {Aerospace) to conduct an analysis on the time to
testant the engine at altinde if an engine flameoul was v occur. Based on their analyses,
the enpine can be brought buck to raed torque ftime 10 tated speed and tarque) in as lidle
a3 3.8 scconds from a flameout, if the pilot recagnizes the engine condition and reacts ro
restart the engine in the proper sequence, and does not allow the engine spead to decay
below 90 percent RPM. iF the pilot was in a high workload situation, such as severe
weather including icing conditions, it is conceivable that the cogine speed could decay
befow 9 percent RPM during an engine flameout before corrective action could be
taken. I the enpine is allowed to decay to 80 percent RFM, the engine requires 6 ssconds
I recover fo rated speed and torgue. If the engine is sllowed 1o decay to 43 percenl
RFM, the engine requires approximately 23 seconds 6 recover to rated spead and torque.
All timey are based on a typical cruise speed and 15,000 feet ahitude. Using the available
Awta Re-light system, the tite to recaver to rated speed and torque can be as litte az 2
secands wuber similar scenarios deseribed above 10 4 maximun of 3.8 seconds. This im-
provement and associated worklgad reduction has significant safety benefits since the
pilot does nat have 10 iniliate BOMTECtive action 1o restapl the engine. This can alsa ime=
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prove the handiing charactenistics of the airplane since an a9ymmeteic power condition
would be minimized, thereby allowing the pilot time o fly {eontrol) the airplane and exit
ictng sotditions, and’or severa weather.

One patential safery flight problem was idemified, based on discussions with field pet-
sonne], that many pperators do not like the continuous ignition system used on the Garrett
TPE-331 engine. This system causes an increase in polential maintenanee for the ignition
gygtam igtulets and ¢apaciiance discharge box. These componenta oced to be replaced at
peniodic intervals e maintain die ignition system integnty and airwonthiness. This can
increase the continued airworthiness eosts to operate the airplane engine. Thiz iz also true
on other airplanes that use the Garrett TPE-33 cngine with this ignition system, nol just
on the MU-2E aitplunc.  Beoause of this sincation, many operatoss manwally wmodf the
wonkinuous igmiion system after the engine iz slarted and operating normally. There isa
possibility that pilets have the continuous ipnition tumed off and encouwnter weather
conditions that can cause an engine flameout  An aitplane, other than the MU-2E that
wses the Garret TPE-331 acries engine installation, experdenced several engine flameouls
over a short period of service experience. The FAA issucd 1} AD's to require an Auto
Re-light ipnition system instailation, or require the use of manually copttolled ignition in
certain environmental condiions, The Aute Re-light ignhition system automatically aeti-
vates the igniters o relight the enging fuel air mixture, which can almost immediatety re-
gtore the potwer of the cngine.

Une of the beneiits of the Auto Re-light ignition system is that it is inactive until the NTS
system senses a reduction tn eneine lorgue. When loss of engine torgue is sensed, the
ignition system is activated 10 ensure that engine fucl combustion is pccuring. Once the
Auto Re-light ipnition svstem was incorpotaied on the affccted atrplane, reports of engine
flameouts were virtuzlly eliminated. Another benefil of this sysiem is that (be gnition
system componrents have a greater service lile, which reduces pericdic maintenance costs.
The Awta Re-light ignition system only activaies the engine igniters when needed,
thereby leaving the izniters and associated ignition components inactive until opertion is
required.

Recommendation:

Require an AD to incorporate the Auto Re-fight 1gnivion sysiem per the manufachurer's
service hullzlin, and require bodh engines 10 be modified with the Auto Re-light igrition
systemn on all MU-2B airplanes. The engine Auto Re-light ignition system has significant
safety benefits for Gamett TPE-331 powered turboprop airpianes, incloding the MU-2B
airprlanes.

D). Loss of engine power control,

The Tearn's investigation identified a Garrett TPE-331 engine service bulletin that defines
a cotidition where the pilol can lose control of enging power sedtings. An investigation by
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AlliedSignal Inc., the mapufactirer of the Garrelr TPE-331 «ngines. revealed that the
P, T; amospheric pressure and temperature inlet seqsor can freeze up and affect the pi-
lot's ability ta change engine power outpul, This condition does not gceyr very fre-
quently and certain weather conditions need to be present to have the P, T, engine inlet
sengar “freeze up.” In addition, there must be mojsture presend in the PyT, sensor line.
The weather conditions identified are similar o conditians that create airframe icing. The
inler pressure and temperatice sersur provides a means b trim the fue] conirol to deliver
proper {ucl flow and pressure ty the enging's combustion chanber. Pasad on simplane
Service reports subminted by aimplane operators that use the Garrett TPE-331 engine, scv-
eral engines were found durng rruise Might 10 have frozen power senings. No matter
what the pilol commanded with the power contro], the engine would not respond and re-
maited at approximately 40 percent torque. This iz 3 potentigl safety of flight conditions.
Garrett determined that the engine power control could be regained if the pitot selected
the engine inlet anti-ice funclion, A period of severa] minutes is needed to wann the fo-
zeq indet sensor and allow it wo function. This titne period was determined 1o Be too long
by the Team and could potentially cause an wnsefe condition, Mo ditect avidence was
found to link this safoty prablem with the investigated MU-2B accident scenarips. How-
ever, this scenatio may help explain the obaerved condiiion where a pilot does not appear
10 take action to change power setungs in-flight when in severs icing eanditions, and the
MU-21 airplane is EXperiencing 1 slow, steady reduction in atrspeed,

AlliedSignal Inc. {Gamett Division) has developed a modification to the P, T, inlet sensor
line system that will prevent a lovs in porwer comirel. This modification is relatively inex-
pensive and will provide engine power control to the pilot, even if the sensor “freezes
up" Service bulletin information has beeg released by the company and has been dis-
iributed w the feld. ‘Ihe pilot can select the engine inler ami-ice system o wait for the
BT, sensor to thaw and sl conirol Uie Chgile power seltings.

Recomnendatian:

The Team requested an AD be created to incorporate the recommended Garrent FyTy sen-
sor medification, The Los Angeles, Califoria, Airerall Certification Offjve (LA-ACO)
subsequently drafied an A B, and (he Engine and Propeller Directorate will issue a Notjoe
of Froposed Rulemaking which is in the finad stages of eoordination,

E. Frepeller piteh coniral failures,

A weview of e Hartzell propeller pilch comttol histury was conductsd including [eld
service interviews. No evidence was found indicating that the propeller pitch control is a
factor in the accident scenarin. A review af the propeller pitch conirm] system did not re-
veal uny component failures that could be assuciared with the accident scenaria. Mo re-
ported evidence of in-flight beda selection by the ptlot was found, Durng the preliminary
investigation of the Malad Ciy accident, it was determined that the propeller was in a
pilch setiing that indicates the propeller was being conoa]led by the governing system.
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F. Improper propeller rigging.

The Team did find evidence that same MU-2B sirplancs have had improper propelier
rigging after maintenance. At least one accident has been identified where the pilot lost
contrel of the aitplane during a maintenance flight checkout of the propeller operating
system. The beta light system was eis-rigged and die indicator light did not function
properly to warn the pilot. According 1o 1he accident report, the propebler feathering sys-
tem was misngged and would not allow the pilot to restart the engine afier the pilot pei-

formed an engine shutdown. Improper propeller Agping ¢an have catastrophic effocts on
the comtrallability of the airplanc in flight.

MHI investigated this simation and issued & manufacturer's service bulletin to the field.
This service bullelin requires & check of the propelier rpping and associeted beta light
system afler any engine or propeller maintenance. 1 addition, the bulletin details a daily

system check of the propeller [sathering system and propeller beta indicator Fights by the
piloL

Recommendation:

The Team recommends that the manufacturer’s propellér ngging senvice bulletin be in-
corporated inbe (he approprate manufaciurer's maintenance manual sections, The Team
recommends that an AD ba ssued o incorporate a limitation in the AFM that requircs a
propeller NTS and feather valve check prior to the fiest flipht of the day.

. Engine performance with inlet ice formation.

The Team reviewed engine service history infermation and did not find any evidence of
enging performance degradation due to ice formation in the inlet. Exwnsive icing tanker
wsting did not indicats any reduction in cogine power putput.  The engine pecfommed
propetly even in simulated SLD conditions. The engine had continuous jgnition and an-
gine anti-iee systems ON during the twests. Significant testing was accomplished during
the USAF icing tanker tests. During 51D e2sting, two small areas of e formation were'
obsetved in the engine inlet. Poal-test vizual inspection of the engine inlet revealed traces
of dye thai indicated ice accwmulbation. The residual icing dye indicated that joe had
formed in front of and on the P, T, inlet sengar. The ¢ther area noted was just behind the
prapeller on the bottom side of the cngine fainng In front of the enging inlet. If the con-
tinous ignilion was aol on. or the engine anti-icc systen was not activated, then the en-
gine could expenence a pawer degradation or a flamegut.

During the icing tanker testing, the Team did discover that the oil cooler inlet would
buildup a significant amount of ice. The indst iz heated with an anti-jce system, but does
ned appear to be adequate for large Appendix C dropled sizes, or for simulated SLD icing
criteria. However, cven with the oil cooler inlet iee buildup, no change in engine 2il ¢m-
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perature was nowd during (he fests, The engine pperated within nornal temperature
limucations.

After the icing tanker tlesting using Appendix C and 51D icing conditions, MHI had the
MU-2B test airplane engines cxamined, The TPE-13] SnEInes required maintenance In
bring the engines back intg overhaul service limits. This indicated thal the simulated ic.
it conditions created by the tanker was g RECLOLS envitenment,

H. Propeller performance with ice formations.

The Team eonducted an extensive review of the propellst performance characteristics
with ice shepes present. A literature scarch indicates that 2 reduction in propeller thest
can be: expected in icing conditions, Upto g 15 percent 1ays 1o thrust has been recorded

by researchers, This area wag of particular interest to the Team to iy to explain the prad-

wad loss in airspesd during cruise as ome of the evenls identitied in the MU-2B acciden
seenana, Durng the icing tanker lestivg, power required duta was heing monitored and
collected to determine the amount of change in power required, while the airframe and
propulsion system were accumulating ice.  Severaf different wing condifons were ex-
plored including simulated SLIY (severe] icing criteria, SLD is outside the current |4
CFR part 25, Appendix C, requirements. Becauso of the research that has been con-
ducted tnih nationaily and internationally, the change in power reajuired 1o maintain a set
fiying condition was eonsiderad an imporiant faclor in oug investigation. Results from
the anker tesing, which included SLD criteria, imdicated that the change in power re-
quired was not significant {approxitniety 10 percent), which is mosiy attributed to in-
duced and parasite drayg as reported by Mitsubishi Enginecring tepresentatives,

The engine anti-ice and propeller de-ice systems performed satistactorily in all 14 CTR
part 23, Appendix C, conditions tested, The cOZing anti-ice and propeller de-ice sysiems
performed [ess effectively in SLID conditions; however, the buildup of ice near the inlat
aren was noted previously amd when ingested into the engine it Bight ducng one test
comlition, it did not affect the power output,  The propeller opemted satisfaciorily, how-
ever, post-flight inspeciion did show a small ice buildup gutboord of the de-ioe boot and
along the very leading edge of the piopeller blade. These buildups did nat measurably
affect the propeller thagsl outpst or seem 1o affect blade angle. This is noted since power
wes monitored (timmed) throughour the test condition, The propeller is a constant speed
propeller and ne significant chanpe was noted bepwes the two engines. {Mole, leing
lesting was conducted on one section of the airplane oaly during a particular tost. )

Fhoweraphs were taken in flight Juring i¢ing tanker tests and on the groursd duning posgl-
fligh visual inspections, Traces of icing dye were observed an the peopebler dial con-
firnmed the observations during the Might testing. The Harteel| Fropeller Company re-
viewed the photographs rom the icing tests, and indicated fhat the progicller would likely
Ppertorm within approximately 3 percent of nominal performance predictions based oo the
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ice shapes formed during testing. This conclusion reasonably agrees with the aciuel ob-
served performance of the ajrplane during the icing tanker lests.

[t should be noted that if an appreciable change in power output was necded to make up
the difference in propulsion efficiency due to ice buildup on one section of e airplane,
the powret auipail readings would have reflecied this need. An estitnale was made 1o ae-
count for the ice buildups noted during testing as applied 10 the enlice ainplane. Based on
the testing comducted, Mitsubishl sngineening tépresemiatives cabenlated that an 8 o 15
percent increase in power s necessary to maintain a given airspesd when compating o
clean airplang (o oné thai has sipnificant ive buildups, including ice shapes created in
simulated L1 conditions. Ft chould be noted that thiz caleulated incrense iz based on the
SLDO conditions ceeated as part of (he icing tanker testing, This Is not the most severs
SLD ieing conditions that have been expenenweed in actwal service. Pilet reponts of flying
the BAL-2B and atmasphene research using other airplancs indicate that there are more
severe SLD icing conditions peesent al tmes. 1 a piles fRies into a severe SLI 1cing
sitation, additiopal power would be necessary. Severe SLIV icing conditions may over-
come the airplane’s abilitv o maintain level flight with the remaining pewer avalable.
Severe S3LD conditions may also overcome the engine anti-ice and pmpeller de-ice ca-
pabilities,

In sumwmary, the propeller de-ice systems performed adequately for 14 CFR part 25, Ap-
pendix C, requirernents ksted, The propeller Je-ice systems wers somewhat less effec-
tive in simulated SLID testing conditions, however, the change in power owtput require-
ments did not mflect & significant redoction w propalsion efficiency. Mo changes are
recommended for the engine anti-ice and propeiler de-ice sysiems.

Recommendation:

The Team recommends that additional government and industry research into severs L1
comditions be performed to better understand its affect on engine and propetler aniude-
wing performancs, and capabilities for irbopropeller airplanes with prewmatic boots,

1. Engine fuel control scttings.

Cruring the review of the propulsion systeny, 1t was diseovered thal some operators of the
bL-2B aicplencs may modify the manufacturer’s minimurm fusl flow setting on the en-
rine fuel contrel. Interviews with lield personnel indicated that this is done to change the
airplate’s landing approsch and wwchdown poxedures. Changing the engineg mininom
fuel control settings of the MU-2B airplane provide the ability for the pilot to approach at
a slightly higher speed than is specifted in the AFM. The Fuel contrel revisions alse al-
low the MU-ZB airplane to slowdown faster when the pilot reduces the power for land-
ing. These revisions have the potential o significantly affzct the airplans™s low speed
handling characteristies. The minimum fuel control settings were developed by the
manufactrer 1o mainiain a certain bevel of residual throst during approach, and to main-
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1ain 1 rate of descent and controllahitity in compliance with the centjlicaion Eequire-
MEnts,

Changing the residual thrust output of the propulsion system can affece the airplane's rape
of descent and, potentially, the stall speed and handling characteristics. Mo testing has
been done to detemiine the effects on airplane handling or the accepability of these re-
vised seftings. The Team could not identify any accident cavsed by this specific issue,
however, a potential sufety problem may be created by these changes, and the Team will
recoemmend that the manuvfacturer release service information 1o warn of the hazardous
Rirplane handling effeets of thege unauthorized changes if made by the operator.

Recommendation:

Require the manufaciurer 1 reiease informatisn‘service bulletin o the maintenance
ROy 0 inform them that changes to the fuet comimol can affect the airplane’s low
spesd handiing charactenistics, which affeery saf?ly. A video iz in development for jn-
forming the piluts of this condition

J. Engine torque instrument readings.

During the Teamn's investigation, field servive interviews were conducted. It wes discov-
eted that the torqus instrument culibrations can be altered by licld service personnel,
This was aceomplished at times when 2 pilot reports that engincs torque readings were
significantly different. This i not wicommon with Engices that may be st different poinis
in their respoctive service lives. As an ENgine time-in-sgervice byilds, performance may
slowly deteriovane to a point that a higher covkpit pawer dever setting i3 required to pro-
duce rated torque for takeoil or craise. IF the two engincs installed an the MU-2R are
prodecing differont potwer autpuls, the power Jevers may be w different positions {offeer)
ot the cockpit throttle quadrant to pronduce the same rated power. The pilol norozdly
likes 1o have the power levers rositionsd torether, hiefshe miay ask die mechanic g “mm
the engines" to produce the same Potwer oulpul. At umes, the mechanic may sdjust the
barque sensor to change the vrgue instrament meter to reud the same torgque cutputs,
This adjustment does not change the power output of the cngine, only the instniment
reading, Recause of this, the pilot thinks he by equal power putputs (tom the 2ngines,
but in reality the cagines may be producing different power outpuat levels. This will affect
the way the airplane will handle on takeoff, in cruise, and during landing. Many pilots
will t6m the airplane with the ruder or ailefog trirm to adjust the owl-of-balance {mim)
condition created by the engines that age producing different power levels, even though
the torque instruments indicaie equal power cuiputs. This condilion can be especially
aperavated during high power and low airspecd flight. In iving conditions, this ushal-
anced condition may help eXplain why soume MII-ZB airplanes wher approaching or en-
couneting a stall iney depart into o Spin o spiral. However, this is not he only reason, a
wing stalling at a higher than published stall speed in an ssymmerric arrodynamic condi-
fion is the most likely explanation tiw an airplane departing controlled flight in severe ic-
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ing conditions. 1t is likely that if the engines are producing different power outputs, the
airplane would have a tendency to roll of yaw into the side with the weakcer enging, This
is pot wnique to the MU-2B model airplane,  Any conventional twin-engine propeller
aitplane could experience (he same condition.

Recommeandation: F

The Team recommends a serviee bulletin that requites a calibration check gn the engine’s
torgue sensing systems be developed,  Also, inform pilots theough the Er._'ﬂ_niqg videolon
the pitfalls of chanpes to tee torgue sensing calibrations and its affect on sirplane han-
dling characteriztics. A

! .
L I
PRI -

K. Engine negative torque sensing (NTS) system. T

A review of the accident history used in this investigation and discussion with field per-

sonnel revealed no service difficulties of this system as a contribuling factor in the acci-
dent scenanos.

Recommendation:
Mo changes 10 thit evstam ate fegorpmended
L. Garrett TPE-331 series engine power rollback in-flight.

During the Team's investigation, a teport was received that indicated that Gamsft TPE-
3% series engine can experience o powat mllback oo the ground during a takeoft roll.
Aceording to the report, several pilots have scen iz conditton occur over the years and
teported it to indintenance facilities. The repart indicated that the pilet commands fall
power with the power lever, and the enpine beging o “stumble” and “bog dovan™ losing
power during a8 takeoff roll. The Team investipated this report and was interested to de-
ermine if this type of condition could necue in-flight. The Team felt this might help ex-
plan why the MU-ZB arplane expenences 3 fady rapd slowdown pnor to departure
from controlled light when in severe icing conditions. i

Several telephone distussions were organized wilh the FAA, & Aeld techmcian, MHI ep-
resentatives, and Allied3ignal Inc. (Garrett) cngineers to cxplore the variables that might
cause this condition. It wag generally apreed that the engine fuel control and prop gov-
erning system wonld have lo be ont of dg, and the compressor section performanst of the
engine walld need (o be deteriorated to the point where the fuel control scheduling be-
eumes aficeted. The group agreed this is nol a normal condition angd the engine perform-
ance “health™ would likely be oul of the manulactuet’s mainicnance lmits. At power
seltings on the ground in a static condition, the group indicated that it might be possible
te teach a fuel limited conditton (maximum fucl Oow} in the fuel conmot and, with the
engine conito] systems out of g, have movemnent in the povaer level where the propeller
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EOVEMING system is overcome by the beta sleove Inilow-up causing the propeller (wi
higher blade angle} to command mopes pover from the engine than it can produce. This i
the most likely scenario that wauld pead 10 exisr to experience & power rollback on the
ground. AlliedSignal Inc. representatives indicated that they have aever seceived a repont
of this eondition gccwming and did aot find iy likely. 1t was concluded the possibility of a
power rollback in-fliglt hus not and could not oceur.

During the discussions, other subjects were presented in defail. They were: (13 TPE-331
senes cogine [uel conirol maximum fuel flow patameters, and (2} power assurance in-
formation for maintaining rated power of the cngine during its service Jifa,

I In recent years, AlliedSignal Inc., in response o dirpline operators using the Garretr
TPE-131 series engine, has revised the maxirwemn fuel low sedings for certain fuel con-
irgls 10 help the engine nuintain rated takegff power throughout its service |ifa, The
Team determined shat this infermation should be disseminated to all airplane operators
that use the TPE-331 seres engine. Currentty, thiy information is only available w the
fuel control manufacturer, and the mavimum fuel Now tates are revised during muline
fuel conirol sverhauls. The Tewn determined thar airplane operslors shouwld be made

avure of the revised settings, and this may provide a safely benefit to the aimplane feet
using TPE-331 engines.

2. Dring the tefephone conversations, a condilion was brought wp thar some airplane
operators will opeculs an airplane with an Engine thal may not be producing rated takeolf
Power in accordance with the approved tyne design performence data. Al telephone con-
fevence reprasentatives sgreed that this was a had idea Tt was stated that some aperators
wit] do this since fwre may not be Power Assurance Charts in the AUM in she Limita-
ltuns Section that mandate the requircments. The condition deseribed was that an opera-
tor may be able to reach the engine lermperatore limitation during & pre-takeoff power
check, but may not be able to reach rated torque at This temperature limitation. The Al-
liedSignal ne. engineering representatives indicated this i3 & sign of an epgine thuy 13 not
healthy and would likely need maintenance andfar repairs to bring it back inie a service.
able condition.  After some discussion, i1 was agreed that airplanes that do not have
Power Assurince Chirts should have them. The FFFSCR Teamn determined that thiy can
provide a safety benefit cince OPeruting an airplane with engincs that do not prodluce rated
power can be potentially hazardous, especialiy in savere icing conditions where maxi-
Inum available power may be needed. pH] agreed that any MU-2B airplanes that do not
have power assutance chans will receive information to have that data added to the AFM.
The Team agreed to oodily other ajrframe ranufacturers that use TPE-33] model seties
of this situativn and may mandate changes by an AD.

Recomimendations:

L. The Team reconumends thal service information be published and made availahle to
the airplane operatons sbout the revised ruzimun fise] conteol figed Dow settings,
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2. The Team recommends thai MHI provide AFM Power Assurance Chans on all mod-
els of the MMU-2B airplanes that use the TPE-331 series engines,

M. Malad City, [daho, accident investigation. Engine and propulsian
teardown reports, and accident analyses,

Follawing the Malad City, ldaho. accident that accuered on Jagvary 15, 1926, an cngine
and propeller teardown was conducted on the recovered propulsion systems components
from the accident site,

Enginc tcardown report

The teardown inspection of the recovered engines was condoeled on March 5 and &,
1908, at AllicdSignal Inc, {Garrett Bivision), Phoenix, Anzona. Both engings wers found
to have severs impact damape. The initial inspection of both engines revealed that they
were rolating at the time of impacl. At the request of the FAA the right engine third

stage turbine stator was analyesd ot foreign obgect damage and metal Oame spray depos-
s,

The foreign cbject damage and metal flame speay puiterns appeared 10 be less intense on
the rght cngine than on the leit engine. Because of this observation, a metallurgical ex-
amination was conducted on the right enpine's third stage turbine stator. Based on (he
laboratory analysiz, il was determined that typical rotalional damage was found to be
consistent with an engine operating.  Alwninun paticles were found on the thrd siage
turbine stator vanes, [F was dererrnined that the aluminum particles passed through the
enpite as 3 vesull of the compressor wheels rubbing against the compresser howsing by
the: airplane accident impact forces, and were deposited on the turbine hoi section compo-
nents. It has been concluded that both engines were producing power at the time of im-
pact. It has not been verdfied that both engincs were producing the same amount of
power at the time of impact. Refer to AlliedSignal Inc. Aerospace Teardown Report of
two Model TPE-331-5-252M Tuboprop Engines, Secal Numbers P-203517C and P-
20547C, dated day 24, 1998, for details of the findings.

Fropeller teardown report

The Harlzell HC-B4TN-5GL [owr bladed peopeller assemblies teardewn was accom-
plished on March 7, 1996, at Outosen Propeller and Accessories, Inc., located in Phoenix,
Arizona. From the examination of the loft and dght propeller assembliss, it was deter-
mined that the propellers showed no signs of premature melfunction or pre-gxisting
conditions that would have prevented proper engine or propeller opetation. The propeller
c¥linadecs displayed witness marks that indicates bath propetlers assemblics had retetively
high propeller blade angles of approximately 47 ro 47,57, Thiz iz consnstent with a nor-

mal MU-2P airplanc cruisc power conrfiguration at altitude. This iz also consistent with
the engines producing sitmilar power oulputs.
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Accident apalvses

An attempt has been made to try to determine the irtpact specd of the airptane using pro-
pulsion syster) examination and analysis, Preliminary NTSE analysiz, based on aocident
sit2 evidence, indivates that the sirplane may have impacied the ground at 4 speed in ex-
cess of 400 knots (460 mph),

The FAA questions Lhat impact speed based on the following evidence and analyses;

1. Propgller Blade Angles - At high speed. it bpieally requires a small blade angle
change w sbsorb & significant change in RFM or He. At the speed proposed by the
NTSB, the propeller Blade angle would more likely be ar 53 11 54°, This angle is based
on data amd analyses pravided by Hartzeli Propeller, Inc., and the Team. Based gn the
blade angle measured during the propelier wardown {which is considered a minimm
biade angle), & speed of approximately 290 to 300 knots (334 mph to 345 mph) has been
estirnated, Vo, of the MU-2B aimplane s 250 knots,

2. Propellar Pirh Coptrel = Many constant speed propeller pisch control systems use hy-
draulic oil pressure and mechanical spring fource to eontrol 3 blade angle, The Hartze|}
HC-BATN-3GL propeller is a shigle acting pitch control prapeller whare ol Prossure acly
on one side of the propeller piston, and spring force counteracts thal pressure on the other
side. ‘The propeller pitch control system is designed to adequately control the propefler
blade anple through a spevifisd renge of anples within the performance envelope of the
wirplape, In the case of the MU2B airplane, the propeller control system is designed ta
edequately control the propeller blade angle 10 ¥, (dive speed) aceording in AR 03,
Hartzell Propeller provided a pitch control hydraulic pressure margin at that speed and o
it can be shown that the propeller may propesly contes) propeller blade angle shightly
above ¥y The Team found eyewitiegs accounts whepa an MU-2B mudel airplane with
the Hartzell HC-B4TN-5GL propefler installed was dive testad during company tasts al
specds approaching 360 knots {4]4 mph}. This iz well in exeess of the CAR 03 centifica-
lion requirements. The test pilot noted that e propeller operated properly and main-
tained o constant RPM throughout the test. Hartzell Fropeller, Inc., conducted an analysis
for the Team to determine it the propeller pitch contro] system could control propeller
blade anygle at speeds in excess of 360 knots, The analysis shaws (hat the hydraulic pres-
swee margin 4o control the propeller blade drops steadily & = peint where slighly abave
360 knots, the propelter piteh control is within the range of the propeller piteh control
frictional forces. To understand the relationship as the airplane speed builds, the aerody-
namic iwising moment that tries to twist the propeller blade wr a lower piteh increases
steadily.- At some paint, the hydraulic presswe, which has a maximum psi Bmitation fup
1 340 psi}, can be avercome by the aerodynamic forees created as Ui speed is increased.
Althvugh there s some residusi positive hydraulic pressure calewlated at speeds ap-
proaching 400 knots, il is likely that the propeller would not 2t aormally and the possi-
bulity of a propeller averspeed s higl.
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3. Engine Crperation at High Speed — The engine manulacturer was consulted abaut the
engine operation at high sirspeedz beyond the certification requirements. Based on the
propeller analysis and the likelthood of a propeller overspeed, the Team asked (rarrett to
analyz+ and tnspect the engines for possible overzpeed. AlliedSignal Inc. {Garett Engine
Division] advised the Team thal il an engine overspeed was experienced on either engine,
1t wonld mest likely show up in the growth of the turhine wheel (disc) inner bore disme-
ter. Based on the teaswements snd analyses conducted, the left engine may have expe-
rienced a slight overspeed candition up to approximately 115 percent af some paint in its
service life, Thia 15 based on several left engine terbine whee] (dise) inber homg diameter

measurenants. The investipation was unable (o delermine when the oyverspeed condition
prourmed.

The right engine turbine wheel {disc) inner bore diamewers weare measuted and the data
indicates the engine has inner bore diameter growth considered normal based oa nominzl
engine operating service expenence. Mo evidence exists to show that this engine has ever
experienced an gverspeed condivon.

3. Engine Flameowt Investigation — One of the scenatios that was reviewad in the
FFFRCR investigation was an engine flameowl condition causing e airplane to rapidly
lose airspeed to the paint of stall and then depart contralied Might, The Team could not
find any direct evidence that the Malad City MII-2B airplane accident expencnocd 2
flameout on either one or both engines.

Concluskon:

Based on the propeller analyses and calculations, and the enpine measurements, it 15 rea-
sonable to conclude that an owerspoed condition was not experienesd during the high
speed descent that accurted prior I the airplang impact,  The caleutated speed of 2940 to
300 knots reasonably agrees with the evidence and propulsion system analyses, 1t is
miare likely thal the airplane impactsd the gmowd at that speed.
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SECTION ¥ — ACCIHENT REFTER

V. ACCIDENT REVIEW

This section of the report daals with the similantics in the cight lorg hody MU-2B acci-
dentz, nol associnied with approach and landing, where ice was a possibic factor or a po-
tential contributing cause of the accident, A review of all available MTI-2B accident re-
poris from the NTSB and forcign authorities was made and the fist below includes ising
relaled MII-ZB accidents since 1983, The accident reports were studied and examined
for commen traits that could contribute to an &ceident scenanio and were useful in deter-
mining comestive action recommendations (itzms 4 and 5 from the Charter).

01/15/96 - MALAD CITY, ID - CRUISE, DRCREASE IN AIRSPEED, THEN SPIN/
HIGH SPEED DIVE/SPIRAL, NEUTUAL ELEVATOR TRIM

01/22/3% « BEUCHERLING, GERMANY - CLIMB WITH LANDING GEAR STUCK
DHOWN, CRUISE, STALL/SPIN, NOSE UT ELEVATOR TRIM

g2/1400 - PUTHAM, TX - CRUISE, DECREASE TN AIRSPEED, THEN HIGH
SPEED DIVE/SPIRAL, NOSE UP ELEVATOR TRIM

172590 - MEEKATHAREA, AUSTRALLA - CLIMB, CRUISE, STALL/SPIN, NOSE
UF ELFVATOR TRIM

12/14/8% - LEONORA, AUSTRALLA - CLIMD [N STORM, THEN STALL/SPIN,
NOSE UP ELEVATOR TRIM

L0988 - CORAL SEA, AUSTRALIA - CRINSE IN ICE, DESCEND TG CLEAR ICE,
CLIMB, THEN UNCONTROLLED DESCENT, LOST AT SEA

04/16/88 - ST. ETEINNE, FRANCE - CLIMB, THEN STALL/SPIN, NOSE UP
ELFYATOR TRIM

05/74/83 - BARGO, NEW S0UTH WALES, AUSTRALIA - CLIMB, THEN HIGH
SPEED DIVE/SPIRAL, FULL NDSE UF TRIM

From the above list and other MU-2B icing relaled accidents, a spreadsheet was oon-
structed from the accident data using the similaritics commem {0 most of the accidents.
Approsimately half of the accidents oceuned duting climb and the remainder duting
cruise in icing conditions. There were no Cockpit Voice Recorder or Flight Data Re-
corder devicss installed in any of the aceident airceaft (none required by mgulations), so
the cxact circumstances can never be determined. Radar data, pilet experience levels,
elevator Irim sertings o impact, time of day including general weather conditions, and
wilngss testimony were available to same degree in most cases. Radio transmissions just
prioT ko the accident were also recorded in some of (he accidents. Other factual informa-
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tion was provided by the marufactvrer and NTSBFAATForeign Civil Airwarthiness
Autherities accident reports.

Effectively using all this information requires making some supposilions us to the condi-
tons and ptlot actions in each accident. From the information obeziged from the spread-
sheet and these suppositions, & scenario was eomstrueted for each accidenr, Thiough
analyses of all this information, severs) possible factors that may have contributed to fhe
cause of the accidents were [dentified, including the perception of a hazardous condition
that the Team felt should be addrassad \hrough appropriate comeetive action. The haz-
ardous conditian Found was that the pilots of the accident airplanes appeared to have ge-
lied on the awtopilet w the extent of unknowingly allewing the aimspesd 10 deteriorate
wiel] below nommal operating speeds for the cxisting flight conditions. It was detemmined
that this deceleration can be attributed to drag from ice scoretion on the airplane in rmost
of the poctdents, It is plausible for an enging (o fail resuling in a slowdown, and during
the engine restant sequence the speed is 2liowed to decrease L a critical point just as the
cngine is restarked, S0 1 wouid he Operating properly of impaci.  However, engine and
prepeller service difficulties were reviewed and no shgine power loss incidents were re-
ported that zould confirm this as a puossible cause. All of the accidents, where radar alti-
{ude/airspeed time historjes wens available, showed either a gradust slowdown well be-
Jow the 180 knots ininimun airspeed specified for crujss in iting conditions in the ATFM,
or a gradual slowdown well below (he normal climb airspeed for this airplane. The exact
airspecd at which the dircraft departed o normal flight regime cannol be detetnined from
the existing radar data, but it was always above normaf sall speed. Stall warning charac-
teristics may have been reduced yr nonexistent depending on the amount of iee accration,
During the stall fests with SLD jge shapes, a 7 to 14 knot inerense sbove normal stall
spead was observed. The artificial seal) warning device {stick shaker) failed to warh of an
impending stall duting these tests, but some natura] airframe buffer was noted, Sewveral

reperts of stalling with no waming were reviewed, The reports varied depending on ice
wcerclion and de-ice svstem use.

As & result of the unalyses described sbave, fhe Team delermined the following scenario

atiribules that were commen to all of the aceidents with the gueulifying and exclusionary
Starements:

A, leing conditions were reporied or frecasted.
E. There was insuificient SNINe power iunitorng by the pilot.

C. The auiopilot was engaged, probably in heading and allitude hold, or an attitude hold
mmade,

D. There was an unconmanded and unabserved airapeed decrease.

E. The pilor was not aware or filed to vnderstand the sipnificance of the arepeed redue-
time.
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T. The pilot did not increase the power setting when the airspeed loss reached a crideal
point or did not decrease the ADA by reducing the aircreft pitch angle,

(3. The pilot did not ke steps to exin the kazardous icing conditions.
H. The airplane tnay have sxperienced a systems malfunction.

I An airspeed reduction dug to ies aceretion will be rapid using an altitude hold mode
when Mying on the beckside of the power curve, or if climbing in an atitude hold mode
without 3 power increase made by the pilot

I. An airplane with ice contamination on the wings uswally will stall at a higher thao
nommal airspeed.

K. The aurplans departed contrelicd flight wath incormect or no pilot flight control inpats.
L. The arplane eniered a spin mode or a near vertical spiral mode, until ground 1mpact.

Below 15 a discussion of cach clement with rccommendations a5 appeopnate:

A. Icing conditions were reported ot forccasied.

Weather foreeashng and reporting of icing conditions, ineluding locetion, extent, and se-
verity are incxact and incomplete at best. Pilot reports of icing conditions encountered
are nol always forwarded to other piloiz flving in the zame vicinity. In zome cases, thers
was no asswrance that other fights transited the intended route and altimde, so there may
fwot have been an opportunity for other pilats to obsenee and report wcing conditions.
Also, some scvere icing conditions may have developed im a relatively short time. Fi-
nallv, ice detection from ground and airbottee sensors legves much o be desimd, espe-
cially in the SLD ronge.

Currently, available ice detection sensors installed on aireraft de not allow precise meas-

urement of the iwing enviroonment sumounding ths wirplane, nor do they provide a waming
to alert the pilat to conditions beyond the airplane’s ice protection system capability. Ex-
1sting 1cc delettors provide only one bit of datfa to the pilot — wee i5 present. This is insuf-
ficient data for the pilot to make proper decisions regarding exiting the icing conditions,
Once icc 13 detected, the pilot must monitor physical cues on the airplane, airplane re-
sponse thivugh flight instruments, and make 8 jedgment 28 to when the sowenly wamants
a change in aliihwde or heading. Using visval 1eing cuss available from the atrplane's ex-
temal features is oot an exact science, and requires atmost constant vigilancs and judg-
ment a5 wing conditions can and do change very quickly. In some cases, the cues may
not be readily detegtnble becanse of the formation of clear ice, or there may be iee accre-
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tian an panta of e wirfoil, and tittle on ke leading edge. [ appears that the pilois of the
acrident airplencs either ignored the cues, did pot understand and intarpret the indications
properly, or were distracted from vigiantly monitoring the severity of the icing.

RECOMMENDATIONS:

L. Recommend continued govemnnent reseagch, and atcuurage the aerospace indusiry to
develop and certify aitplane ice detector sensors that quantify ice accretion with appro-
priate pilov potification, and with adtomatic aptiide-jce capability, and provide annuncia-
tion when icing conditions are beyond the cupability of the airplane's protection systams.

Z. By means of an AD, require 2tl MU-2B pilers {FICY 1o atrend hiennial raining vo in-
clude iving awareness, antifde-icing system OPETaE O, 1Cing severity cues, and exit cribe-
tia. This iraining shoewld inclode, as 2 mindiilm, the iters in the training syllabus in ap-
pendix 2.

3. By means of an AD, require an iee detector to be installed on al MUL2B airplanes.

4. Dy means uf an AD, require instailation of an autopalot disconnest system. The sys-
tem will disconnedt the auepilot, with suitable AMMUACIATION, at & suitzhle girspeed, dur-
ing an weommanded deceleration, with the gircraft in a clcan configuration (the system

will incorporate a cue to nolify the pilot that the autopilol will disconnect in 2% seconds
poor o disconnect}.

B. There was insufficient engine power monitaring by the pilot.

Climb spd cruise al a constant power setting are nommal condiliens; however, the pilat
st not Brget to monitor what is happening to the airplane, The pilat must stay aware
of the airplancs sirspecd and altitude, as well as the OAT, and watch for the prescoce of
ice and ils effect on the aitplane, even with the autopilet engaged, The suopilor is an aid
1o the pilot and cannot be considered as another pilot fiying the airplane - the autopilot
canndt think, The pilot must continue 10 monitor the arrplane's performance and the envi-
rorunent when flying it possible icing conditions.

Ohnee icing has been encountered, the Pilot must momitor the condilions and performance
of the airplane, If the wirplane is decelerating at a vonstant power gefting, the problem
must be immedialely investigated, especially if climbing ar the Best Rate of Climb
(BROKC) airspeed (defined as ¥y) with an autopilot hold mode engaged (see figure V-1, in
eppendix 3, for an explanation of the sighifivance of BROC). When the awspesd loss iz
greater than 24 knots, the de-jee system muat be operaled, If the airypeed is not regained
after de-ive boot speration, an inmediate exit of the icing comditions is warranted, as ice
may huve acoumulated aft of the protested ateas, of incompletely shed from protectsd
arcas. If the airspeed loss is not atidbuted to jop 4ccredion, it must also be investigated
and comeetive steps Laken prior to resching 180 knots. The Team was pol able 1o find
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any evidence of another reason for the slow airspeed loss, other than an engine failure,
The Team is also recommending the engine Aute Ee-light ipnition system to provént ice
induced engine failures due to inlet blockage from shedding ice. Ooly a couple of the
aceidents showed evidence of an engine failure prior o impact. It iz always possible 1o
have suffered an engine flameout with the pilot becoming so focused on the realart that
the airspeed loss went undetectcd until the zimplate stadled, just aa the engine was re-
started, The Team concluded that the pilots flying (he accident airplanes did aol ade-
fguately monitor the conditions, or the aimlane’s performance, priot to departure fram
conirolled flight This apparent lack of pilet awarcness can be correcied through training,
and should lead to & berter understanding of the effects and consequences of Hight in ic-
ing copditions. The ying expericnce kevel of ths aceident pilots thows evidence of high
totat flyving time, tut low amouns of MU-2B flying ttme, leading v the Team's decision
that the training should be requrring on @ biennial basis.

RECOMMENDATECONS:

1. By means of an AT, reguire all MU-2B pilow (FIC) to atlend biennial fraimng o -
¢hude icing awareness, anti/de-icing sysiem operation, icing severity cues, and exit crite-
ria This training should include, as a minimum, the ilems in the training syllabus in ap-
pendix 2,

7. By means of en AN, incorpotate the manufactuter’s engine Auie Re-light Lgnition
Systern Service Bulletin, and require both engines o be modified with the Auto Re-light
ignition system on all MU-2R airplanes.

C. The autopilat was engaged, probably in heading and altitude hold,
or an attitude hold mode.

Two atopilots have been approved by Lype eerificate for use in the MU-2B: the Sperry

SPZ-50H) and the Bendix M4 Seres. The Sperry SPZ-300 auntopilot has three hold modes,

plus Touch Contrel Sieering (TCS), that are of primary interest: Altitude (ALT) Heold,

Vertical Speed ¥5) Hotd, and Indicated Airspeed {1AS) Held, The Bendix M4 autopilot

has fewer, but similar, modes: Awtopilol (AF), Alitude (ALT) Hold, and Fieh (FETCH).
Command. An understanding of these basic modes and TCS 15 vital 0 know the swtopi-

1ot selection possibilities and their significance in the accident scenarios (5e¢ appendix 4

for an explanation of the approved avtepilots},

From the altimde and airspeed data available from the approach/enroute radar pnotows in
several accidents, the stahility of the flight path traces shows that it is highly probable
sutopilots were engaged and flying the airplanes prior to the accidents. The longitudinal
trim serve was found in muost of the accident aircraft to be 12 10 30° pose up, indicative of
the mutapilot trimming into the stall. I is our befief that the pilot wonlid Dot normeally and
knowingly manually trim into the stall, buy should have ncticed a dangerous tmm re-
guirement blilding priot to the airpiane actually stalling.
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RECOMMENDATIONS:

I. Recommend continued movermament research, aml encourage the acrospoce industry to
develop and certify airplane ice detector sensoms that quantily ice aceretion with appro-
priate pilot notification, and with sutomatic anti/dc-ice copabality. and provide annwncia-
tion when icing conditions are beyond the capability af the airplane's proteetion syslems,

2. By meanz of an AD, requice all M1-2B pilots {PIC) to avend biepnial training 1a in-
clude fcing awarenpss, anti/de-i¢ing system operation, icing severity cues, and oxit crita-
tig. This taining shauld include, as a b, the items i the training syllabus in ap-
pendix 2.

3. By means of an AT, Tedquire an ice detectar to be jnstalled.

4. By means of an AD, require installation of an aptopilot disconnect system. The sys-
tem will disconpeet the aotopilot, with suitable annunciafion, at a siitable airspeed, dur-
ing a0 uncommanded decelecation, with the aircraft in a clean configugation (the system

will incorporate a cue to notify the pilot that the autepilol will disconmect in 2% seconds
prior to disconnect}.

5. By means of an AD, require a thm in mwotien avral nosification system be jnstafled on
alf MU-2B airplaras with ag wubapilot insialled.

. There was an uacommanded apd unobserved airspecd decrease.

Regardless of the rate of decrease, any decrease in airzpeed must be noted by ihe pilot and
evaluated priet o reaching A hazardous condition, The AFM includes 2 WARNING that
has now been changed 1o a limitation by an ADY o not allow the airspeed 60 decreass be-
low 188 Knots in cruise fMight when flying in icing conditjons, Degpite the waming and
specified procedures, the pilats of the accident airptanes have allowed their airplancs to
decelera: to below 150 knols without any pilot action. er accumylation on and aft of
the de-icing boots on the wing, and other Unprotected areas on the aimplane, resulis in a
lozs of airspeed due to an increase in drag and a Iogs of Lift, which i cornpensuted for by
the pilot or autopilot increasing the AO0A. The loss ip bift, from wpping portions of the
toundary [ayer acrass the top of the wing, must be compensated for {n arder o hatd altj-
fude or attitude consiant) by an increase in ADA, ot the wings, which increases the in-
duced drag and slows the sirplang, The increase in parasite drag, due 10 ice accumulating
on unprolected ercas and aft of the boots, slows the airplane, and must be further com-
pensited by another increase in die wings AQA. The ice accumulation characteristics o
i airplane are an infinite spectum. The ice roughness, especially in the SLD enyiron-
ment, tay affect the Jift and drag moce than the depth and shape of the ice accumulation.
Each icing encounter is different, and therefore must be evalumed aimost continuously, ag
the 1cing ronditions and resulting effects can change rapidly.
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One of the easicst recognized cues 0 hazardows icing conditions is a loss in airspeed.
This eve can be complimented by an aural trim in motion cue, [F the simplans is being
operated an autopilot in the ALT Held mode, the longitudinal tim will automatically
trr nose up (o hold the altinede as the airspeed decreazas. The MU-2B does oot have an
audible tnm in molion system, and mast rely on the pilol’s knee resting against the trim
whee] for tactile petcepion. [ the pilot does nat rest the knee againgt the wmim wheet,
only visual cues waen that trim motion is oceurring, The fim system has sufficienc
authorily 10 Inm the arplane imto a stall. In 2 nominaf gross weight and ¢.g. configura-
Lo, the basic airplane with no e wAill give a stall waming (stick shaker) at approxi-
mately 12° nose up trim, and most of the accident airplanes were found with (he teim set
between [2 and 30" nose up. The nose up elevator inim at stall waming is a function of
gross weight and cg. locadon, and can also require 23 much 25 187 nose up Inm at the
torward c.g. limit. However, the noss up trim tequired with ice acoumulation will be less
than required for 2 clean wing, The trim system will cotitinue to win vose ap atter a stall
if the aubopilot is not disconnected ak stall. This appears to be the cage in some of the ac-

cidents, and in seme of the accidents, the autopilots appear to have been disconnected at
the stall.

The stall speed can be elevated due to 1ce acoumulation to &s high as 14 to 45 kneots above
nomial. Ice accumilations of 1 to 3 inches without hoot aclivation have beep reported
{stc the testimonal given by Charles Prester a5 part of the icing flight test substantiation
report submitied in the MHT Engineeting Repon MR-0142, Revision A, dated 2-23-76).
This stall speed ncrease may be msidiows as the nommnal stall warning (stick shaker) may
nat Function. The airplabe’s nomal sccompanying pre-stall buflel may be of greates
mapgmtude, bul shorer in duration, or may be absent entirely. Flight tests in dry air, with
the artificial ice shapes determined from the AFFTC ieing tanker tests, have shown ugher
than normal stall speeds with ne stick shaker, and higher than sormal buffet levels, bt

closer to stall. Pilots have also reported that they sensed changes to handling chamciens-
ties with e accretion.

If the airspeed reduction goes undeeutied and decreases below the minimum power re-
quired point without pilot action, the stall is puaranteed as the airplane is now operating
on the backside of the power curve. From the discussion in appendix 3, it can be sesn
that the trim sysiem will atempt to Tim nose up to hold altimde, and that an increase in
power is required to fly in thig regime. The autopilot will now trim ot a faster rate, then
comtimuously, untd the stall ocours as the selected altiiwde canmot be mammtvined wath
longitudinal trim alone, needing more engine power.

RECOMMENDATIONS:

l. By means of an AD, require a toim in motion aural notification systemn be installed on
all MU-2B abrplangs with an avtopilot installed.
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<. By means ol an ALY, requice alf MIJ-2B pilots (FIC) t atend biennial training to in-
clude iting awarepess, anti'de-icing sysiem Uperation, icing severily cues, and exit cripe-
da. This training should include, a5 o mLikium, the llems in the training syllabus jn ap-
pendix 2.

4. By means af an AD, require an ice detector to be installed.

4. BY means of an AD, require installation of an autwptlot disconnest system. The sys-
tem will disgonnect the autopilon, with suitable annuociaticn, 2t a suitable airspeed, dur-
ing un uncommanded deceleration, with (he aircraft in a clean configuration {the system

will incorporate a cus o notify the pilal that the autopilot will disconnect in 2% seconds
prioc kg disconnecty,

E. The pilut was not aware or failed to understand the significance of
the airspeed reduction,

Abhough the awopilot may be vontrotling the airplane, the pilot must not allow distreg-
Wons o divert attention from the flight instruments. Even ag emergency condition 2 ge-
rious a5 the loss of a cabin window should not focus pilot atteption away from flight in-
stuments [or an extended period of time, Fram the discussion abave, il should be nated
that & hazardous pondition van ceeur in a very short period of time if an airspeed loss
gocs undeteciedfuncomected. Aviual research flight tests of & Beccheraft King Adr fying
in SLD iging conditions have shown airspeed losses from a low cruise speed to <l in 4
minutes. The King Air was avermpting 1 hold 150 K1AS in icing conditions by adding
power by compensate for any loss in airspeed and was modiworing the drag rise. The deng
nse For the first 10 t0 15 minutes wasg faidy constant until the ice seemed to change itz
surfage lextwe jn the SLD encounter. The next 4 mifwles saw in expenential rise in drag
anid the airplane could not climb or aceelerate ai (il power, The airplane was in pre-stall
buffet ahd something had i be done. “The wing sklled as the aileron was pul in o start
the turn 10 exit the conditions. The Team did ot s2¢ amditions (his bad during the
tanker tests, bul understapds that they can oceur in rare Instances in natwre. Some of the
accident aitplanes could have encountered conditions of this magnitude that are welf be-
yund the de-ice capability of the airplane and fuiled to exit the conditions prior to stall,
These severe conditions provide cues to wam the pilot that the ¢onditions are beyond the
vupaility of the airplane, as poled during the tanker tests. The Team felt that these cues
and appropriate AFM limitations must be mandated a5 mandatory compliance items by
an immediately adopted AD (AD 96-25-407 dated L2/05/96), The other AD recommen-
dations will be published as the fixes hecome available.

The basic aerWdsynamic desipn of this aimplane requires u irim change (rudder and trim
allcron) be made by the pilot when the airspeed is changed by approxitmately 20 knots.
This is a Irir intensive sirplane, and it must be leamed #ar]v in the treiming for the ML-
ZR. Some pilots thay not have leamed this requirement very well. One of the problems
associated with this characteristic is that when the aimplane slows down due v a pawer
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reduction or due to ice accretion, the pilot ust manually re-triim {he rudder and aileron.
If the airplane ts being conirolled by the auopilot, the pilol mast <till make the aileron
tim changes. This was simuolated during the FFFSCR flight tests by engaging (he
autapilot with ALT and heading hold modes engaged, and reducing the engine power to
flight idls. The test conditions (rest altitude. gross weight, c.g., engine propeller, and en-
gine rigging) may have been different vach time, but the airplanc response was essentiadfy
the same. The rcsponse did not differ from what ooe might expeet on any other twin-
engine airplane with propellers that tumn in the zame divection,

Indeed. the reduction in power to promaote a deceleration canses a l#aser P-Factor effzct.
As the airplane slows dovwn, an unbalance in the asrodynamic [orces pradually occurs. A
control change will be tequircd in the roll spailer, elevator, and rodder. The autopilot
uzes the glevalor and the rxdder trim tabs o reduce surface contryl forees, but docs not
use the toim ziletons. The sutopilot maintains heading with bank angle and to do this it
uses the spailers. The autopilot uses the udder Lo maintain coordinated flight by nulling
the side forces on the atrplans measurcd by an accelerometer. The Spemy autopilot also
has & fum rate sensor input. As the airplane decelerates, pitch attitude increases, P-Factor
causes 3 yaw and eoll, which iz countered by the spoilers (with tell contool yoke move-
ment), and rodder (with assistance from the rodder tim) to mainlatn constant heading and
cootdinated flight until fell control travel is reached. Lf these conditions are allovred to
continue, an uncoordinated stall will accur.  An wicoondingted stall (sall with sideslip

present) will usually result in a departore from controlled flight, culminating in a spin or
near verical spiral modea.

The rodder trim that was added by the avtopilot dudng these cvents was not consistent.
COrpposils nelder from spoiler was added on some cocasions and rsdder with the bank was
added on others. The rudder trim added by the avlopilol to maintain balanced flight may
not have been consistent, duc bo cogine/propeller idle settings and other drag differentials.
The constant factor was the spoilers were driven to the madmum deflection and wings
level could nat be mamdained 3a the atall was approached. Purng the tests, the autopilot
was disconnected af stall waming, and recovery was inilialed because a departare from
conlrolled flight may octur if the airplane iz allowed to stall in this condition.

This 13 not (o say that the autepilol response is unsafe, novel, or unusual, but that the pilot
must be aware of what is happening, and take appeopriate action before reaching the point
of departing controlled flight. 11 is the Team's perception that the pelots of the accident
airplanes did not understand the ctiticality of their situations, and allowed the aitptans to
stall with the autopilot eneaged. The same rasponze may rccur on other airplanes, but the
pilots in the MU-ZB wete allowing it to take place with no comective agtion, [ma meent
aceident, the pilot of a Beeeheraft King Adr C-90 did not vealize his aimplane was iced up
with freezing drizzte and craghed straight shead while maintaining atrepesd above sta]l,
tather than allowing the sirplane to stall and depart controlled flight. However, the MTJ-
2B accident pilots did not fuke the appropriaie eclions, and the Team agrees that the M-
48 crews should be tald what may oceur in severe icing conditons, what causes it to og-
cur, angl howwr oo recopnize and exit the dangerous conditions.
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This autopilot response should not be construed as en autopilot malfonction, but the
prablem is really pilot inattention or dercliction of pilot duty, incleding failure to trim and
contrel the aimplane.  An effective pilot training program that includes aumwpilot modes
familiarization and recotymended mods usa may prevent the pilot from falling into the
traps discugssed above,

RECOMMENDATIONS:

1. By means of an AL, requite ainm In motion aural notification system be installed an
all MU-ZB airplanes with an amapilor installed.

2. By means of an AD, reyuire all MIT-2B pilats (PIC) to attend biennial training to in-
clude icing awareness, anti/de-icing system GPErAtoN, wing severily cues, and exit crile
rid. This iraining chould include, us a minimuom, tie items in the training syllakus in ap-
prenddix 2.

3. By means of an AT, require an ice detector o be installed,

4. By means of an AD, requirs insiallation of an autopilot disconnect system. The sys-
temn wili disconnect the autopilot, with suitable snnunciation, at a switable airspesd, dur-
ng an uncommanded deceleration, with the atrecait in a clean configuration {the system

will incyrporate a cue to notify the pilot that the autopilot will disconnect in 2% seconds
prior to disconnect).

F. The pilot did not increase the power setii ng when the airspeed loss

rexzched a critical point ar did not decrease the AOA by reducing the
aireraft pitek angle,

The relationship between puwer required and prwer available must be thoroughly under-
stood, ay well as what it really means to Ay on the backside of the powar curve, The air-

peed must he closcly manitored, espevially with the autopilol engaged, and power st
bc added when flying wt speeds below the poimt for minimum power begquined.

RECOMMENDATIONS:

I. By means of an AD, vequire all MU-28 pilats (PICY e attend bienmnial aining o in-
clude iving awareness, anti'de-icing sysiem operation, ieing severty cues, and exit crite-

rid. This training should include, as a minimum, the items in the iraining syllabus of ap-
pendix 2,

2. By means of an AD, require an ice detectar 1 be installed.
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3. By means of an AD, requirg installation of an avtepilol disconnect system.  The Sys-
tem will disconneet the autopilot, with suitable annunciation, at a suitable airspeed, dur-
ing an uncommanded deceleration, with the aircraft in a clean configuration (the system

will incorporale a cue to notify the pitot that the autapifor will disconnect in 2% seconds
priot to disconmeet),

. The pilot did not take steps to exit the hazardons icing conditions.

I must be understood that icing conditions can exist beyand the anti/de-ice capability of
ey airplane {i... SLP). 1 (he icing condition is beyond the airplane’s ami‘de-ice capa-
bitity, the pilot must ba able to recognize it and take appropoate action. The pilol must,
thercfore. have some crileria for deciding to scck a change in heading or another altitude
prior to the environment creating an unsafe condition. One commonly used criterion is
watching for an girspeed eduction of some numbet, The Team recommends approxi-
mately 20 knols and, if the ice cannol be shed and airspeed regained, exit the conditions.
If the palot fails to monitar the aitplane’s condilion m 1¢¢, lhere should be another cue be-
fore a hazardous condition eoeurs. With only a 20 kot loss, the aimplane conld easily da-
scend, or still have sufficient power to climb to higher altinrdes and colder 1emperatures
{ieas likely for SLD ice to occuey), but the pilot must take the action, and not rely on the
awtopilet and icing cerification to protect the airplane. The MLU-2B AFM had a
WARNING containing a mimimum airspeed 1n 1cing conditions, bul a limitation is more
appropriate, and became mandatory by an AD recommended by the Feam. The pilat no-
tification and automatic disconnect of the antopilet at 13 o 140 knois is 3 second
chance, and 1s intended to prevent the autopilot from tnmming into a potentially cata-
sirophic stall sitmtion. The disconnect requires the pilot to manually Iy the ajtplane.
The pilot should add power ta tegain the 2irspead and hold altitude, re-trim the airplane,
and note that dangerous ice has #cereted on the airplent requitng a descent/climb out of
the severe ichng conditions,

If an engine flamecut occurs in this severe icing onyvironment, the engine should NTS
{HTS system drives the propeller puch lo a low drg poesition) and allow the pilat te cope
with the emergency, Howewver, the ice must be remmoved by the de-ice aystem, or the air-
plane may not be able to maintain alitude and airspeed above stall during the atiempt o
ztar the lameout cngine. This may have octumed in some of the accidents where an en-
gine was inoperative at impact. Vo ensure the emergency propeller systems are operative,
the propeller WIS system and feather vabve checks should be performed on the ground
before the first flight of the day. The tmportance of SLD recognition and exit criteria was
s0 extgent that the Team has already issued an immediztely adopled AD similar to the
ATy issued for commuter airplanes with unpowered flight controls and pneumatic de-icing
baois.

If the engine flameow was due to ice ingestion blockage of the engine inlet, the engine
would be able to be restarted, 85 no damage is ikely, However, if an Auto Re-light igni-
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tion system had been installed, the enmine would not fully lose power before the engine
Ignition automatically restares power in 2 matter of seconds,

RECOMMENDATIONS:
1. By means of an AD, require an ice detectar o be instajled,

2, By meuns of an AD, require insliation of an autopilot disconnect svstem. The sys-
tem will disconnect the autopilot, with suitable apnunciation, ut & suitable arspeed, dur-
ing an uncommarled decelaration, with fhe aircraft in 2 ¢lean configuration (the system
will incorporate = cue to nofify the pilot that the autopilot will disconnect in 24 secondy
prior wa disconnect).

3. By means of an AD, incorparate the manufactarer's engine Auty Re-light Ignition
System Service Dulletin, and roquire both engines to be modified with the Auta Re-light
ignition system on all MU-2B airplaney.

4. By means of an AD, require all MU-2B pilote {PIC} o attand bicnnial training te io-
cinde icing awareness, antifde-icing system operation, icing severity cues, and oxit erite-
tia This traiting should include, as a minimum, the ilems in the training syltabus n ap-
pendix 2.

3. An immediately adopted AD wag issued (AD 62502, dated 12:5/96) 10 require
changes te the AFM to include; Limitadons o minimum speed in icing conditions — 180
knots in |evel light, prohibin use of tlaps for sustained sperations in icing conditions, cx-

cept for approach and landing; provide cues to allow pilot recognition of S8LG conditions;
and provide an exit criteria

H. The airplane may have experienced a systems malfunction,

See the Propulsion and Systems seotions of ihis repart for 3 complete discussion and eee-
ommendations,

. An alirspeed reduction due to ice aceretion will be rapid wsing am
ALT hold mode when flying on the backside of the power curve, or if

climbing in an attifude hold mode without a pewer increase made by
the pilet.

Half of the accidents oecurred from a climb, and half finm cruise flight, Without a flight
dara recarder, the use or nop-use of the autopilot cannot be positively determined. Hipw-
ever, trom the longitudingl tim setting if it could be determined at the accident site, it
was deduced that the autupilot was controfling the girplane in five of the eight accidents,
and probabiy it twa of the other three, The Team reasons thar the pilot wieuld not inten-
honally o into a stall, but could be disyacted and net note a slow deceleration, and not
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take the appropriale action withowt proper stall waming, A lonritudingl (dm setting of
12° ot higher is an indication of the wrim ranpe where a swall can oceur with a higher than
normal stall 2peed due o ice accumulalion. In thig rnge, the airplane is operating on the
backside of the power curve iF g level flight and well below clirab airspeed if in a climb.
The pilot must bave 2 clear understanding of opecations on the backside of the power
curve and where that oocurs on the aispecd indicator, When fiviog in level flight 2 any
airspeed luwer than V,, a potentiv] bazard exists and additianal power must be applied.
Muost pilots have hesn exposed o this simple principle, but may tend to forget the full
implication of pperating in this regime. Therefore, recuarment training beoomes necessary.
Also, pilot awareness of problems associated with Might in icing conditions ard the of-
fects on Y, of ice accumulation must be fully understeed. The high wing loading of the
MU-ZB may meke operalions in (hese enviromments more significant than with other
airplanes of lesser wing loading (sce appendis 3 for diseussion on the significance of V).
Without recurtent waining, pilots may tend to forger the relalionships between icc acoro-
tion and power required curves. If power must be added w0 maintain airspeed and addi-
tional power is not avatlable, airspeed thust be maintained by a reduction in altitede. This
miust geeur priot to reaching stall speed, otherwise, an altitude reduction may become un-
controdlable.

RECOMMENDATIONS:
1. By means of an AD, require an ice detector to be installed,

2. By means of an AD, require installation of an antopilot disconnect system. The sys-
tem will disconnest the autepilet, with seitable annunciation, at a suilabie aivspeed, due-
ing an wnommmanded deceleration, with (he aircrzlt in a clean configuration (the svslem
will incorporate a cue to notify the pilot that the antopilot will disconneet in 2% seconds
rrior to disconnect),

3. An immedialely adopted AD was issucd {AD 96-25-02, dated 12/5/96) to rcquire

changes to the AFM to inelude: Limitatons on minimum speed in icing conditions — 180

knots in level flight; prohibit use of flaps for sustained operations in icing ¢onditions, ex-

cept for approach and landing; provide cues b allow pilot recognition of SLD condiions;
andl provide an exit eriteda

4. By means of an AD, require all BOJ-2B pilots (PIC) w0 attend biennial tiaining to in-
clude icing awarcness, antifde-icing system operation, icing severily cues, and exit crir-
ria. This training should include. as a minimum, (he items in the caining syllabuz in ag-
pendix 2.

J. An airplane with ice contamination on the wings usually will stall at
a higher than normal airspeed.
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Stail speed increnses when she wing is conteoninaied with ice. Tae amount of increasc
Jgpends on the amounl. shape, extent. and w2xaure of the ics. Tee accumulation on the up-
per surfice of the wing may hove a sipnificant effec: o stall specd. and this 2ren iy ni
ke wizibls From the cockpis aa high wing siplanes such as the MU-CB Dyey siog eo-
counter is JilTarent and the icing contimuum 13 infinite. bul ceais guetities remaln con-
srane, and ke pilor st smlersiand this. Tramieg and recurtent training are the only
means of providiag the pilot with this understandiner The pilo must endetstan:d that no
aimplane can cope with every possible leing enconmtet. The pilet must have established
some decison-makiog criteriz within his'her vwn mind pror 1o gnguuntering we. The
piliot must piy £lese atlentian te whed i5 happening to the airplane, and st exit the icing
conditions when ke critena are reached, There 15 0o aoeurale way @ predict stall specd
once the wing is contamimated with unshed ice. As saon a8 this condinen g, the pi-
Jot trywst exid the ieing it 130 RIAS cennet be mainained.

Anyarcness of the haorards imvalvelt can be accomplished anly throngh lraining, 31 the p-
lot dores not comme to this aigplane with the vaimng, the pilot must ke trained thrcugh an
FaA munlate of some kind, The Team's review of the accident Tepaorts imilicared that
pilots tying the aceident sirplanes did not possess swlicient knowledpe, or the kol -
wdge was put cument enaugh to be rememdered ax appticanle to the siluation, ME] m
conarert with the FAA 1S preparicg a training videotype {program} w o ke the pilots fly-
ng the MU-ZB sware of the long haards aned iving lessons learned waring is reviee.
This tape will be reyuised rainiog initially and oo 2 biconial basis tierealber foc ali bU-
2B pitots thed 2e1 as pilol in command. Carrent schaals that are aieplane specific for the
hil2E §Tlipht Sefuty and Reese Hewsll} ume used by must corporae pilots and, if the
byaiming pragram is adoped by these suhaals, B owill satisfy the training requirement.
Clher pilotls ¢ acquine e nacessary trainmy by actending an MHT PROM Seminar, o1
making other arrangements Mroagh BHL

RECOMMENATION:

By means of an AL, reguire all BAU2E piluts (1MC) to attend ‘tennial tralning w inelwde
icing awareness. antide-Cing system QEATURIRM, IGINE Eeverily CRos. wnd exit enteria,
This traiming should include, a5 2 mimmum, the items in the ¢raiming svllabus o wppendix-
3

-

K. The airplanc departed contrulled flight with incotrect or no pilot
flight control inputs.

The pilot must understand that the avtapilor his sufflcient autharjty to i the airplaoe
into o stall, and it will do just that if the power reguired for fHght 15 less than e poseer
sel. The mirplane will develerase due 1o drag when ice s accreted i nothing is dooe 1o de-
joe the airolane, LF this process is alfowed L canbnus. of if ice furms on the hags and i3
et shed. or forms aft of the boots and casnct be de-iced, the process will speed up. and
the effects oo airplane performance deeradation will be made mose severe. When air-
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speed becomes lese than Lhe minimuam power required specd. the aisplanc will soon stail,
When the siall ccours, the aergddy namic conditions present will prodably nat ke farce bal-
anced and some sideslip may occor. Then the airplane may mot siall straighe ahead. but
may depart contrelled flipht. The pilet may cet idsstify comeetly what i3 happening and
Aggravale the siwation by making incarrect fight controd and power inputs. [F the stall
acears well above sormal stall speed, she nilat muy not get any artiicial or natural warm-
ing, The stall might eccur with na pil inputs o pawer wr ight contrals and e engine
powet may ekl de ser af cruise. Adrplane response oo stall may be very disorienting in
instrumaent flight conditions.

RECOMMENDATION:

By means of an AD, require alf MU-2B pilots §PICY %0 ottend bienmial teaaniog w inclade
cing wareness. anti‘da-icing system operation, icike severity cues, and exit critena
This training sheutd include, as 3 minimer, the items in e trining syllabes in appetadix
1

Fn

}
L. The airplane entered a spin mode or a near vertical spiral mode,

until ground impact.

At least twe rmodes are probable after a departucs from centeollesd light. The spin mode
may be unrcteverble — it bos oot heen investigaed because o is bevond FAA's cerrifi-
eatwon requirements. The spin mode inay deferiorate inko the near vertieal spiral mode, as
it frequently coours in single-wngine aimplanes oad gliders. The spiral imode may he e
coverable i lhe proper eontrol inputs are made, but 1his mode may be confused with a
spiry, asnd rherefore @5 frequently unrecoverable.

RECOMMENDATIONS:

1. Recormmend camtinued povettment research, anid eneowryzs the acrospace mdustry to
develop and centify atrplaoe ive detcetor sensors that quantify ice accretion with appro-
priate pilol nowchcation, and with awtematic anti/de-ice capability, and provide annuneia.
lon when icing cenditions are beyond the capability of the aicplane’s protection sysiems.

2. By means o an AL requere all U210 pilots (PIC) te arend bignnial training to in-
clude wwing awarcness. apcide-icing sysiem pperalion, icime soverity cues, and exit crte-
na. Thex treing shoold inslude, a5 a miniooum, the iems in ke raining syllabus in ap-
pendix 2,

3. By means of an AD, regquire an ice detooter to be icstalled.
4. By means of an AL, require installation of an ectopilot disconnet system. The sys-

sem will discornect the autepilal, with switghle annuncimien, at a suitable aivspeed, dur-
mg an wecomanarded deceleration, widh the arcrfi ina clean canfigumtion (the system
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will incarperate a cue to noily the pilot that the autopilol will disconnect in 2% secunds
priar Lo disconnect).

3. By means of an AD, require a trim in motion sural nobification sysiem be instalied on
all MU-ZE airplanes with an aatopilot installed,

b. Recommend the FAA provide funds for NASA 1o condict a near vertical spiral mode
investigation o determine if the mode is probable following a deparfure in the MU-2B,
aml, 1f probable, determine the recovery procedure.  If software is available for similar

studies, in liew of spin tunnel testing, recommend NASA procure and make availabie to
the FAA and NTSB use of the sofware Programs, and azsist in analyses,
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Appendix 2 — Trainirg Syllabus Requirements
Pilot Recwrrent Traiviog Coursa Outline

1. Define potential MU-2B accidemt condition seenarios

= Define and discuss aceident anelyses and Gactors that contribute to the
accidents,

2. Digeuss MU-2B icing certification
— What does FAA icing certification mean?
— What is 14 CFR part 23, Appendix "C"?
= What are the M1U-2B limits?
— What are Superconled Large Droplets (SLD) icing ronditiohs?

3. Discuss MU-ZB operational requirements in icing conditions
~ Apperdix "CT icing conditions
« SLD icing corditions
— Discuss engine operating characteristics
* Engine e buildups
* Enzinc ngging
* Fngine performance
— Discwss propeller operating characteristics
* Propeller 1ce bualdups
* Propeller ripping
* Propeller performance

4, Discuss how MU-2R gitplane petformance ean be affected by icitig conditiens includ-
ing SLIY icing

— Alrepeed minimum airspead

~ Gtall specd and charactenstie changes

— Handling

— Climb performancs

5. Identify physical airplane cues (hat the pilot can monitor to evaluawe the MU-ZB air-
plane conditions
— These inclode but are not limited to;

— Weather conditions

— Airspeed degradation

— lece buildups on airfraone

— Trim changes (autopilod}

= Hate of climb changes
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6. Discuss pilot desision process o exit ictng conditions
= Alr Traffie Control priority
— Aimplanc handling procedures

7. Discuss the backside of the power curve

Fage v, 20
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Appendix 3 — Fower Reguired Cerve

Figure V-1 is a power required for level flight curve that should be famiiiar to most pi-
tots. For those not famibiar, the curve 13 a plot of the acmal engine torque raquired to Ny
level at & conslant given airspeed, sl o given altitwle (density altitnde as defined by pres-
gure and temperature), af 8 given gross weight and c.g. The curve shown is 2 typical
curve of power reguimed verne pawer available, such as 10 a commonly used Acrodyoam-
ics texthook by Perkins and Hage, page 189, The cutve was peterated hy actually fiying
at & sufficient numbcr of scparte airspeeds to gather the dala, comecling the data for
krrwns errors, and then plotiing the curve. The lowest point on the curve is, by debtion,
the Minimur Fower Required to Hy level at the conditions tested.  This point is also the
poinl where the maximum porwer differential occurs between the curve and the maxiomon
power available line (maximnm engine power available from the engines expressed in
percent borque, 100 percent in this case). This excess power available can be used for
power to climb, and if the aitspeed i3 maintained, this will be the maximmm rate of chimb
possible under these conditions, This airspeed can alsa be celled the BROC aimpeed and
is referred o az ¥,. The V, airspsed wilt changs due to changes in the atmosphere, pres-
swre and 1emperature, changes in gross weight (c.g. cffects are minimal for the MU-2B),
amd propeller speed (chans ate available in the AFM to predict the ¥, aicpeed and climb
rate). The actual ¥, airspeed will have been validated through a seties of climb perform-
apca tegts and may vary slightly from the minimumn powet requited curve determination.

If the atrplane is In cruise flight al point A on the curve and icing conditions are now ef-
countersd that are beyond the capability of the de-ice systems, v ics acoumulation will
cause 0 Joss of lifil and an ingrease in drag. Poth of these conditions will canse the aw-
phane to sink or lose altitude and slow it down, If the autopilot is enpaged and inthe ALT
Hold mode, the auopdlat will aot let the airplane sink, but will increase the elevator nose
up trim 1o maintain the altitude (noreases the AOA on the wing), This will tesull in a
new airspead, lower than the original airspeed, at 2 new nose op trim position (pois B on
the curve], As moce jce is accumulated, the airspeed will decrense as before, but if the
airplane susiains a power loss for whatever rcason. the slowdown occurs much faster, and
can result in a case where the power is just below the minimwm pawer required for level
flight. point B'. 1f no power foss (s sustained, & very large increase in drag is required to.
reach the minimum power requirsd, point BT on the curve.  IF these atrspeeds are
reached, different things start to happen. Az can be seen on the curve, the slower the air-
plane fies, the more power is requited to hold altitude untit stall is reached, and the aire-
plane can no longer stay at this abtimde {point C on each curve). Mote. Additicnal power
15 avaitahle for the pilol tao use to accelerate or climb. However, if the pilot does not add
power, the nose up trim will tun almost continuowsly uniil stall ecoors.
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[n actual fight operarion, the iee accumulation will change the shape of the curve and
raise the curve as shown by the dashed lines. The ice wall cavse an clevated stall airspeed
dependding on the shape, roughness, and extent of the ice, as well as the use or non-use of
the de-ice boois. Stzll airspecds, a3 high 25 45 Kaots above normal have boen eported
(FAA cetification data without da-ice bool activation} with a large ice accumulation.
Stall speeds with wing SLD ice shapes determined from the FFESCE 1anker testing re-
sulted in an increasze of ooly 14 knots.

What happens 10 the airplane at stall if the autopilot is controlling the airplane with no
pifot intervention? 1f the airplane is in trim and does not have ice contarination, the air-
plane will stel] straight abead. However, the eirplane in this sxample has ice accumula-
tion on the wing and wil surfaces, and the airplane may not be in perfect wim, so a5 the
stall oecurs, there may be some sideslip present,  The stall may oceur with no stick shaker
to warn of e approaching stall and the naturai pre-stall baffet may be less than termal.
The sideslip prasent will cause the abrplane to yaw and a mll will develop due 1o this
sideslip. The roll control and spoilers may nat have sufficient autherity 10 arrest the roil
tate, and the airplane may depatt controlled flight.

The departure roll will be rather abrupt and may ged the pilot’s attention if the pilot was
distracted. However, the pilot must immediately repognize a stall has oceurred and pusi
the control yoke forward to break the stalt, regain flying speed, and then roll the wings
level during the pull-up to levej flight.

The above analysis is not the onky possible one, bud it 15 the best available with the koown
flight chametetistics of the k-2B. This does ol mean that the airplane does not meet
{he certification requirenncnts, bul rather that icing conditions beyond the certificated ca-
pability of the anti/de-ice systems must be avoided. There are currently several comrner-
ciplly available icing detectors in the process of certification that will indicate or werm
when the ice is bevond Appendix C limits, Until such devices have been shown to be
allective and reliable, some method ot criteda must be cstablished w allow recognition of
the conditons, and ensure sufficient respeet Tor these conditions for the pilet W sxil them
prior to & hazardous condition developing. This can only be accomplished b the proper
use of maximum power available, recapnition of ioing ¢ues thal indicates the icing con-
ditions are bayond the system capabilities, and exiting the condilions hefore a hazardous
condilion ooeurs. The following cues were seen or derived from the MU-2B F¥FSCR
icitg tanker tests and may indicete 1he presence of SLI conditions:

1. Unusually extensive ice accreted on the airdrame i arcas not nommally ohbserved to
calleat joe:

+ Accnmulation of ice on the propelier spinner farther afl than normally obscrved (mors
than halfway back to the propeller cutouts).
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Accumulation of ice on the lower surface of the wing aft of the de-icing boots, and

wizible from the pilot’s position that is nor remayved by the de-ice boot aperation; and

Accumilation of ice on the upper surface of the wing att of the de-icing boots visible
feom the pilvt’s pesidon that is not removed By the de-ice boot opermtion. (Mot Iee
accretion beyond the limit of the boois on the upper surface may be visible fiom the

pilot’s pestlion as & solid or partial ndge afice.}
- Adrspeed losses greater than 240 knats than are pol repaived after g boot de-ice cyele:

. [ecrease in rate af climb during a canstant airspeed climb to 300 foet pet minute; angd

. When unusual [ateralfyaw trim requirements are encoumiterad.
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Appendix 4 — Aatopilot Descriptions

Several autopilots have been approved for the MU-2B — the vast majority of the 2itplanes
are equipped with either she Sperry SPZ-300 or the Bendix b4 series antopilat, The
Spery SPE-300 autopilot has three hold modes phus Touch Control Steenimg (TCS) that
are of primary interest: Altinde (ALT) Hold, Verieal Speed (VS} Hobd, and Indicated
Airspeed (TAS) Hold, The Bendix hM4d autopilot haz lewer, but similar modes: Autopiiol
{AP), Altitude (ALT) Hold, and Pitch {FITCH) Command. An understanding of these
basic modez and TCS are vital to snderstanding the autopilot selection poszibilities and
their significance in the accident scenarios as cxplained below:

The ALT Hold modes of the Sperry SPZ-500 or of the Bendix M4 Series will maintain
the altitude at the lime the mode is cngaged. [t maintains the abiitude solely by the wse of
the longimdinal flight contral (the elevator and its irim k). Ones the ALT Hold made 15
engaged, any change in altitude i3 comected by the eutopilot tnmming the elevaor up or
down. In a possible accident scenario as icc accreies on the wings, it creates drag that
slows the airplane, The srplane would pommadly descend with this decresse in aifspeed,
as the tail has been trimmed to hold the wing at a given ACA. However, the autopilot
zenses this descent and tims the elevator 1o pull the nose up (nose up tmm) W Hold the
original altitude, A new airspeed, lower than the onginal wm speed and at a higher
ACA, iz now maintained {eguiliboum}. Az morc 1oc 15 accurmitlaled, this same procedurs
i3 repested — the s of deceleration is directty propontional to the drag mmerease due o
ice accumulation.  This is essentially wrue until the airspeed slows helow ¥,
{approximately 155 knots, decreasing t knot per 1,000 feet above 13,000 feet in the MU-
2B, see the AFM Performence Chan, Figure ¥-1, in this appendix). At this point, the
autopilot cannot teach o stote of equilibrum (in aicspeed and altilde) because more
power is required to fly at & slower speed in tlus reging, and the autopilot cannot add
more power. Thiz undesirable situation is referred to as operating on the Backside of the
Power Curve (see figure V-1 i1 appendix 3). Therefore, the rate of aispeed decrease {2
more rapid because the autopiiol is now almost continuously trimming nose up (autopilot
trirs in incraments} in 2 hopeless attempt to stop the arplane’ s deseent,

The MU.2E trim systern has sufficiem authotily to trim the aircraft into a stall.  Artificial -
stall waming {stick shaker) in a ¢lean configuration with no icc comlaminalzon oceirs

about 12° (dependent on pross weight and c.g.) nose up on the tim indicator. In all the

accidents except Malad City, Tdaho, {trimn in neutrsl), where the trim motor was recov-

ered, the trim =ervo was fourd fo be from 12 307 noze up (30° is fuli nose up om} IF
the autopilot is not disconnected at stall, the 1im system will continue to oim omtil it

stops al full nose up.
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The ¥5 Hald mode of the Sperry SPZ-500 can be used in the climb, bt may not be the
best chioice, a5 this mode maintaing the vertical speed at the ime of ¥ mode engage-
metit. The autopilot increases the pitch angle, or inms pose up, to maintain the climb rate
when the ratc ionds to decrease, due to drag feof e acumvlabion, and power decreases
due 1o altitude affects. Thuw, i the ice causes a large increase in deag, the autopilot wild
trirn nose up. The aitplane may stall il power is not added or the vertical elimb rate is nat
manually decreased. lo BLD conditions, stall spred may be increased significantly and
stall may aceur before the pilat notices the serinusness of the situation.

The [AS Hold mode functions in a manoer very similar to the ¥'5 Tleld made, cxccpt i
maintaing consiant zirspeed insiead of constant climb rate. Thus, if the airplane tepds o
slow due 10 ice acoumulation or engine power loss, the autopilot will tom anse down
away from stall to maintain the airspeed. This mode is a desirable mode to we na
climb, as it itads away from allempting to held a climb ratc that i unachievabte, How-
ever, if this modc is rot moritored, it can rim the airplane into a descenl. This mods was
apparently nat the mode of ¢hoice in the accident cases.

The TCS% mode of the Sperry SFZ-500 and the APPITCH mode of the Bendix M4 Series
dificr fram the faregaing modes. Both the TCS and the ARPITCH mades maintain air-
plane attitude, pitch, and roll when the contral switch is released with the autopiiot en-
gaged, bul oo vertical mode is engaged (ALT Hold, ¥S or [AS). Either of these modes
can be used during climb 0 hold the climb attitude, but can be dangerous if the arplanc
iz oot monitorad carefully when elimbing in ing conditions. Tf the airplane is ciimbing
in ane of these modes and the pilot releases the contro] button at V,, continueus decel-
eration may occur. Any accumulation of icc during the elimb (and sometimes an almost
transparcnt, rough coating of ice can fonn an the boot, and can be mote adverse to drag
and stall characteristics than large ice shapes) may cause a speed reduction at the satne
time pawer is baing reduced due to altitude affects. Thus, if the pilot does not inerease
the power, or manuelly decrease the pitch attioude az the atrspeed deereasas, the autopilot
will make an adjustment by the only method it has - a change in longiwding] tim, The
autopilot will add nose up wm @ ompensate for the decrease in airspesd and, if the air-
plane is already tnmmed at the V., airgpeed, the nose up 1om will continue wntil the ar-
plane stalls. Peeause of the absence of onboard Tlight dataivoica recorders, the Team was.
unatle to determine which AP modes were being used in the fual accidents. Buok, the
maode aelected is critical bacause the antopilot has sufiicient autvority to quickly sl the

alrplane if airspeed and altitude are not closely monitored when fiying in icing condi-
Lign=.

Following a carcful tevicw of al! evailable data, the Tram oncluded that the basic cause
of the aceidents was pilot unawareness of the ctiticality of the condition that exises just
pror to departure fram controlled flight, In some cases, the pilot knows that a hagardous
condition exists, but 15 unwilling or unable to 1ake the required action prior to departing
comtrolled flight.

[.isted below are possible reazons for unawareness of 1 critical situation:
Page V.27
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Pilot is distracted from instrument scan apd observing ice accumulation by:

* B & & % =

Radio communication with air traftie contral,

Conversing with passengers andor copilot,

Coping with an emergency situation or gyskem malfunciion.
Filling out paperwock with no eross-check of instmuments.
Poor instrument scan taining.

Complete reliance on the autopilot with no cross-checlk,

Other reasons that may heve conibuted to the accident seonarios, some of which are
listed below, weare brought to hight afier reviewing all of the accident reports:

L ]

Teing environments were diffacent for each eingounter, and the pilot believed that

the airplanc could handle the ice with no concern for ice beyond the system ga-
pability,

Sidestip was present at stall, due 1o out of wm condition in flight contrals and/or
engintipropeller ipging.

Filat observed decreasing performance, but did net assaciate the loss with ice and
became involved in attempring to trowbleshont the prablem by focusing on engine

power sctting, enging power irsiouments, sir data nsiruments, Hight instruments,
4T automatic fhight conteol yysrem.

Full ailt stick stalls were pot taught in aicplane checkout, s the pilot was nor fa-
miliar with a sideslip induced roli as the HULOPIlOT s into stall,

Pilot wes not familiar with wing drog at stall, so he'she confused regovery tech-
rique, and wsed recovery Trom roil upser technique, which had no affect.

Optimistic pilot thought conditions would improve in a short time, sinee it always
had in the past,

Optimistic pilot thought the airplane would handle the ice for a few more minutes

unti| i woewdd be time to start down 1o lower altitiede where the jee would mell or
sublimate prio to Lunding.

Uptimistic pilot ok off into forecasied jce with deice system inoperstive think-
ing airplane would handle it ac it had in the past, and 2 climb or descent was al-
wavs possible if it got too bad.
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« Pilot liabit pattem was o reduce power first when startiag a deseent, and forgot

thal a larpe accumulation of e could muse slall speed 1o the point that a reduction
iR power precipitates a stall.

¢ Pilot lacked training to allow correlation of atrspeed decrease with ige accumuia-
tion on witg aod tail surfaces to cribigal sitwaton in a sall,

# Lack of training in the copilot {il a crew of two) 40 assist in decision making, and
recognition of critical situation due 10 airspeed |oss and stall speed Increase,

» Lack of understanding of the concept of tomming inw a siall, as airspeed de-
creasas due to ice, stakl will ooour at an elevated airspeed.

» Pilof operated at airspeeds, knowingly or unknowingly, below the minimum aic-
spead for flight in icing conditions limitation {180 knats) in the AFM.

» Filot operated at airspeeds below Map extension speed without lowering flaps.

« Lack of respect For icing conditions leads i helief that the airplane could handle
any ice, so the pitol was pot concerned with airspeed losa due 10 iee accumualation.

# J'ilon had high expectations on mission completion due to fimanaal, employment
pressumss, ar personal reasons that clouds judpment.

»  Piled had macho inzge to maintain and wouid not tam back or axit icing condi-
Lions.

» Pilot got hehind the sirplang due to unfamiliarity with approash procedure, and/or
the airplane svslems and procedures.

¢ Pilot judgmen impaiced due 1o aleohel, or high anxicty, due to low fusl stae
dunng extended overwater forry flight.

The above reasons wers possible contributing causcs for the aceidents and, affer much
deliberation, it was no! possible to armive at a single mechanical remedy that would have
prevenled the accidents from occurring. However, the accidents may all have heen pre-
vented by proper training thal is successtul, in that complete understanding takes place,
and is remembered when eneomtering the conditions that were covered in training. This
means that e[fective training must take place and be reinfotced biennially to assur: proper
pilot actions. The Team is thercfor: rezommending a serics of mechanical fixes, sysicms
changes, AFM limitations, and a teaining program to correct the unsafe condition. A
summary of the accident data has been compiled in a spread sheet for casy review and
comparison i appemdi: 5, figare Vo3,
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VII. List of Appendixes and Reports on
File

These Appendixes are nol conlamed o this report, but are mainiained in the Small Air-
plane Directorate Ales. The appendixes are divided into two categories. The appendives
noled with a “P" designation contain information that has been detertmined (v be manu-
factorer's proprietary data and, as such, is not relessable to the public. The appendixes
without the “F" desipnation conlain no proprietary information and are subject to release,

APPENDINBINDER

1P/1 MHL Resubrs of MU-2B Evaluation in Ieing Coaditions

2P12 BHI Iutial Meeting Briefing Notes

P2 tHI Tulsa Baseline Configuration Flight Test Propasal and Test Cards

412 BAHI Test Froposal: ML-2ZB Simulated SLE fee Test

52 MHI MU-2R-f0 Airplane Flight Manual

6P/l MH1 AFFTC Ioing Tanker Test Proposal and Test Cards

P2 Cloud Conditions During the MU-2B/ISAF NKC-135 leing Tost, August
14¥re

202 MHI Clinton-Sherman Artificial 1ce Shapes Test Propossl and Test Cards

9Pz MHI AES 9680 Simulated [oe Shapes Tests

10P2 MHI Hovizontal Tail Temperare Survey

HIE/3 MIN Review of MU-2 Accidents

12Fid MHI MU-2 Systems Review 37 Progeam

1385 Cloud Conditions Duning Natutal Jing Teats of the MU-2B-30
and MUL-ZR-60 Aircraft, Febmary 24, 15%3

T4P/S BFlioodeich Aerospace Letter wath Repont 75-22340 LA leing

Impingement Analysis for the Mitsubishi Model MU-2 Senes, Report No.
7523011 A, JTuly 23, 1975

1585 Addendum A to the Airworthingss Group Chairman's Factual
Eeport De-icer Boot Timer Componem Exarmination, June 25, 1956

1GR3 MHI MU-2B -25 -26, -35 -3# lce Protection System Eeporl MEQ 144,
Revision A, 2-13-Th

I7P5 MHI feing Flight Test Report MRO14%, Revision A, 2-23-76

18k - MHI Letters on Propelier Pe-jcer Centification for MU-2D-26 and -36
Four Rladed Propellers

1975 AllicdSignal Operating Infermation Letter on TPE 331 Turboprop Engine

HIPPS AlliedSignal Service Bulletin oa PoT; Sensor Freeze-up

2IP/5 MHI Service Butletin on lee Diebertor Sysiem nctallalion

Z2P5 Hardzell Propeller Inc, Ferformanes Map for MULZB Propelter.
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2IP

4S5
25i5
2658

207

2810
25710
30F/3
ILPs
2P/
A3PiS
34P/5
ELY

BFCroodrich Repod, Survey of e Accretions Formed in Freezing Dirizzle
Under Natural feing Stmulated leing Behind the USAF Tanker and in
NASA-Lewis leing Reseatch Tupnel

Controllabiity Evaluation Process - Lateral Cantrol £Jim Achley’s Slides)
Copy of the 1984 FAA SCR Report on the ML-243

NTSB Acciden Reports un MU-2B (with ice present or foresast, available
from NTSR)

NTSB Accident Repocts on MU-28 (with ice prezent or forecast, avajlzble
fromy NTSH)

F5DO Ramp Inspection Reports

Type Cenilicate Data Sheets (MU-2B TCDS for A 108 and ATPC)
Engine Teardown Repont (Malad City Accidenr)

Ciarrett Turbine Wheel Anulysis (Mulad City Accidont)

Garrett Chverspeed Analysis | Malad Oy Accident)

Uarren Engine Re-tight Anaiysis

Manufachurer's Scrvice Bulteting

Hertzell Propeller Teardown Keport {Malad Ciry Accident)
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