
Circular - 

~ j a  MINIMUM FLIGHTCREW Dpte: 2/2/93 .... AC N,,: 25.1523-1 
Initiated by: ANM- lo -: 

1. PURPOSE. This advisory c i r c u l a r  (AC) sets f o r t h  a method o f  compliance 
w i th  the  requirements o f  5 25.1523 o f  the Federal Aviat ion Regulations (FAR), 
which contains the c e r t i f i c a t i o n  requirements f o r  minimum f l  ightcrew on 
transport  category airplanes. As w i th  a l l  AC material,  i t  i s  not mandatory 
and does not cons t i tu te  a regulat ion. I t  i s  f o r  guidance purposes only. 

2. RELATED FAR SECTIONS. Section 25.1523 o f  the FAR, as amended through 
Amendment 25-3. 

3. BACKGROUND. I n  ear ly  1981, the President established a task force on 
a i r c r a f t  crew complement which was d i rected t o  make " i t s  recommendation 
whether operation o f  the new generation o f  commercial j e t  t ransport  airplanes 
by two-person crews i s  safe and c e r t i f i c a t i o n  o f  such airplanes i s  consistent 
w i th  the Secretary's duty under the c e r t i f i c a t i o n  provisions o f  the Federal 
Aviat ion Act o f  1958 t o  promote f l i g h t  safety." Several recommendations were 
made i n  the Report o f  the President's Task Force on A i r c r a f t  Crew Complement, 
dated Ju ly  2, 1981, including one tha t  suggested tha t  the agency complete and 
keep current Section 187 (Minimum Flightcrew) o f  FAA Order 8110.8, Engineering 
F l i gh t  Test Guide f o r  Transport Category Airplanes. The agency agreed w i th  
the recommendation and took steps t o  complete these c r i t e r i a  f o r  inc lus ion 
i n t o  the Order. However, i n  l a t e  1982 the agency decided t o  upgrade the 
e n t i r e  contents o f  the Order t o  advisory c i r c u l a r s  t o  make such m a t e r i a l  
formal ly avai lab le t o  the general publ ic. 

4. DISCUSSION. 

a. Under 5 25.1523, the minimum f l igh tc rew f o r  a t ransport  category 
airplane must be establ ished so tha t  i t  i s  s u f f i c i e n t  f o r  safe operation 
considering: 

(1) The workload on ind iv idual  crewmembers; 

(2) The access ib i l i t y  and ease o f  operation o f  necessary controls by 

(3) The kind o f  operation described i n  5 25.1525. 

b. The c r i t e r i a  used i n  making the determinations required by 5 25.1523 

the appropriate crewmembers; and 

are set f o r t h  i n  Appendix D o f  P a r t  25. 
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c. The procedures f o r  determining compliance w i th  5 25.1523 and 
Appendix 0 may vary i n  complexity depending on whether the c e r t i f i c a t i o n  i s :  

(1) A new model ; 

(2)  A fol low-on model; 

(3) 

(4) A type design change o r  supplemental type c e r t i f i c a t e  (STC) 

A modif icat ion t o  reduce the o r ig ina l  crew s ize  o f  an already 
approved airplane; o r  

program expected t o  r e s u l t  i n  a substant ia l  increase i n  the workload o f  any 
f l i g h t  crewmember. 

d. Although 5 25.1523 addresses the access ib i l i t y  and ease o f  operation 
o f  necessary contro ls  i n  addi t ion t o  ind iv idual  workload, the methods o f  
evaluating workload are f a r  less straightforward, and usual ly dominate the 
determination o f  the minimum f l ightcrew.  Further, Part 25 contains no ru les  
spec i f i ca l l y  addressing the human factors  issues encountered i n  workload 
evaluations, so tha t  consideration o f  such issues tend t o  be viewed as f a l l i n g  
i n t o  minimum crew evaluations. 
f l i gh tc rew i s  usual ly f i xed  by the applicant 's design from the outset. 
purpose o f  the evaluations conducted under 5 25.1523 i s  t o  corroborate by 
demonstration the predicted crew workload submitted by the appl icant t o  
substantiate compliance w i th  5 25.1523, and t o  provide an independent and 
comprehensive assessment o f  ind iv idual  crewmember workload i n  a r e a l i s t i c  
operating environment. 
system redesign o r  procedural changes t o  red i s t r i bu te  workload more evenly. 

between the involved FAA A i r c r a f t  C e r t i f i c a t i o n  O f f i ce  and the manufacturer 
should take place ea r l y  i n  the development cycle. These discussions should 
focus on i d e n t i f i c a t i o n  o f  design features tha t  are l i k e l y  t o  impact crew 
workload. 
t o  v e r i f y  t ha t  these design features do not place excessive workload demands 
on any crewmember. 
appropriate t o  assure continuous involvement and awareness. 

5. CERTIFICATION PROCEDURES. 

It i s  recognized tha t  the s ize o f  the minimum 
The 

Any problems encountered would probably be resolved by 

e. Discussions on crew complement and the associated crew workload 

Subsequent analyses, demonstrations, and tes ts  should be structured 

Crew dut ies and tasks f o r  each crewmember should be 

a. General. 

(1) A systematic evaluation and t e s t  p lan i s  required f o r  any new'or 
modified airplane. Methods f o r  substant iat ing compliance w i th  9 25.1523 
should include use o f  acceptable analyses, simulator demonstrations, and/or 
f l i g h t  tests.  
predict ions.  The minimum crew complement's workload should be studied through 
a l og i ca l  process o f  analysis, measurement, and demonstration o f  the workload 
imposed by a pa r t i cu la r  f l i g h t  deck design. 

F l i g h t  t es ts  can confirm the ana ly t i ca l  o r  simulator 
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(2) Appropriate analysis should be conducted by the appl icant ear ly  
i n  the  design process. The spec i f i c  method(s) o f  analysis should be selected 
on the basis o f  i t s  p red ic t i ve  v a l i d i t y ,  r e l i a b i l i t y ,  a p p l i c a b i l i t y  t o  the 
p a r t i c u l a r  f l i g h t  deck conf igurat ion w i th  emphasis on modif icat ion o r  new 
equipment, and a v a i l a b i l i t y  o f  a su i tab le reference f o r  comparison. 

b. Analy t ica l  Approach. 

(1) One acceptable analy t ica l  approach assesses workload as a 
percentage o f  the  time avai lable t o  perform tasks (Time Line Analysis). This 
process should be applied t o  an appropriate set  o f  f l i g h t  segments i n  which 
operat ional ly  important time constraints can be i den t i f i ed .  This method i s  
sa t is fac to ry  f o r  evaluation o f  f l i g h t  deck changes r e l a t i n g  t o  overt  p i l o t  
tasks such as contro l  movements and data inputs. The general ly accepted 
prac t ice  involves carefu l  select ion o f  a l i m i t e d  set o f  f l i g h t  scenarios and 
time segments t h a t  represent the range o f  operational requirements ( including 
the range o f  selected normal, non-normal , and emergency procedures). Task- 
time l i n e  analysis y ie lds  useful data when tasks must be performed w i th in  
operat ional ly  s ign i f i can t  t ime constraints. An accurate determination o f  the 
time avai lab le i s  c r i t i c a l  i f  t h i s  method i s  t o  have any value. Measurements 
o f  t i m e  t ha t  r e s u l t  from such analysis cannot be in terpreted by any absolute 
standards, but  such records can be used t o  i d e n t i f y  increased workload demands 
f o r  use i n  subsequent tes t i ng  i n  a simulator o r  airplane, and comparison can 
be made wi th  appropriate workload demands f o r  in-service airplanes. The 
impact o f  f l i g h t  deck changes on the tasks involved w i th  planning and 
execution o f  emergency o r  non-normal procedures should receive pa r t i cu la r  
evaluation. 

(2) The most f requent ly used basis f o r  deciding tha t  a new design i s  
acceptable i s  a comparison o f  a new design w i th  a previous design proven i n  
operational service. By making spec i f i c  evaluations using scenarios designed 
t o  exercise the new design features and comparing the resu l t s  t o  a known 
baseline, i t  i s  possible t o  proceed w i th  confidence tha t  the changes 
incorporated i n  the new designs w i l l  accomplish the intended resu l t .  I f  the 
new design represents an evolut ionary improvement o f  the reference f l i g h t  deck 
without addi t ions o f  major systems a f fec t ing  crew workload, d i r e c t  comparisons 
are possible. Service experience o f  the reference f l i g h t  deck and airplanes 
having systems s im i la r  t o  the new design should be reviewed t o  assure tha t  any 
ex is t ing  problems are understood and not perpetuated o r  inappropr iately 
increased by the new design. 

(3)  I f  prel iminary analyses by the c e r t i f i c a t i o n  team i d e n t i f y  
po ten t ia l  problem areas, these areas should receive more extensive evaluation 
and data co l lec t ion .  These concerns should be adequately addressed i n  the 
manufacturers’ t e s t  o r  c e r t i f i c a t i o n  plan when submitted t o  the FAA. 

Par 5 
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(4 )  I f  the new design represents a s i g n i f i c a n t  change i n  the l eve l  o f  
automation o r  p i l o t  duties, ana ly t i c  comparison t o  a reference design may have 
a lesser value. Without f i r m  data on the time required t o  accomplish both 
normal and contingency duties, r e a l i s t i c  simulat ion and/or f l i g h t  tes ts  may be 
required f o r  va l idat ion.  

c. Testing. 

(1) The f i n a l  decision on minimum crew determination i s  t o  be 
reserved u n t i l  the airplane has been flown by experienced and proper ly 
qua l i f i ed  p i l o t s  t ra ined and current i n  the operation o f  the airplane. The 
p i l o t s  who perform these evaluations should not be l i m i t e d  t o  manufacturers' 
t e s t  p i l o t s  and FAA c e r t i f i c a t i o n  p i l o t s .  
evaluation be conducted by " l i n e  p i l o t s "  who rou t i ne l y  f l y  s im i la r  airplanes 
and who can base t h e i r  judgment on operational experience. Appendix D o f  Part 
25 contains the c r i t e r i a  f o r  determining the minimum f l i gh tc rew under 

25.1523 (basic workload funct ions and workload factors).  

It i s  h igh ly  recommended tha t  some 

(2 )  The t e s t  program should address a l l  workload funct ions and 
factors  l i s t e d  i n  5 25.1523 and Appendix D. 
workload should include the  communications tasks required t o  proper ly operate 
the airplane i n  the environment f o r  which approval i s  sought. The goal i s  t o  
evaluate workload w i th  the proposed crew complement dur ing rea l  i s t i c  operating 
conditions, including representative a i r  t r a f f i c ,  weather, a i r 1  ine  operational 
duties, and appropriate company and cabin communications. 

For example, an evaluation o f  

cockpi t  
type o f  

(3) Evaluation p i l o t s  should assure t h a t  new systems and rearranged 
conf igurat ions w i l l  be evaluated using scenarios representat ive o f  the 
operation f o r  which the airplane i s  intended. Although quant i ta t i ve  

substant iat ing crew workload data w i l l  o f ten be provided, the current s ta te-  
o f - the-ar t  r e l i e s  on structured subject ive evaluations. These evaluations 
compare the ease o f  execution o f  crew tasks i n  the subject a i rp lane w i th  tha t  
experienced i n  the reference cockpits i n  i den t i ca l  or substant ively s im i la r  
scenarios. 

(4) A proposed f l i g h t  t e s t  program f o r  showing compliance w i th  
5 25.1523 and Appendix D o f  Part 25 should be submitted by the appl icant and 
should be structured t o  address the fo l lowing factors:  

provide a representative mix o f  navigat ion aids, a i rpor ts ,  instrument 
approaches and A i r  T r a f f i c  Control (ATC) services. 

(ii) Weather. The routes should be selected t o  provide the  
1 i kel  i hood o f  encountering types o f  adverse weather appropriate t o  the 
airplane's intended operation ( IMC conditions, n ight ,  turbulence, ic ing,  
etc.). 

(i) Route. The t e s t  program routes should be constructed t o  

4 Par  5 
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( i i i )  Crew Work Schedule. The test crew should be assigned to a 
daily work schedule that is representative of the type of operations for which 
the airplane was developed. The program should include the duration of the 
work day and the maximum expected number o f  departures and arrivals, flights 
which begin at night, maximum allowable duty times, and minimum rest periods. 

(iv) Minimum Equipment List. The applicant should incorporate 
representative dispatch configurations in the proposed flight test program. 
Combinations of these representative dispatch configurations with probable 
subsequent simulated malfunctions should form the basis of many of the 
evaluation scenarios. 

that would adequately sample high density areas in both IMC and VMC, but 
should also include precision and nonprecision approaches, holdings, missed 
approaches, and diversions to alternate airports. 

(v) Traffic Density. The airplane should be operated on routes 

(vi) Incapacitated Crewmember. 

(A) The NTSB accident data indicates that there were 262 
occurrences of pilot incapacitation in Part 91 operations from January 1980 
through July 1989, that resulted in 180 fatalities. All these fatalities were 
attributed to single pilot operation. Similar NTSB data from the same time 
period reveals 32 occurrences of pilot incapacitation in Part 135 operations 
resulting in 32 fatalities. All fatalities were attributed to single pilot 
operation. Relative to Part 121 operations over the same time period, there 
were 51 pilot incapacitation occurrences which resulted in a normal recovery 
of the aircraft by the other pilot. 

(B) Whenever the applicable operating rule requires a 
minimum flightcrew of at least two pilots, the certification program should 
include a demonstration of operations during the total incapacitation of a 
crewmember at any point in a given flight. 
can be operated safely and landed safely with the remaining crew at a planned 
or unplanned destination. 
to all other "dispatch plus subsequent failure" scenarios. Incapacitation 
should be viewed as another example of "subsequent failure" to be included 
within one or more scenarios beginning with a dispatch configuration which 
includes selected items from the proposed Minimum Equipment List. 
Part 25 does not specifically disallow certification of single piloted 
transport category airplanes, the FAA has been reluctant to approve this 
operation when all aspects of the intended use of the airplane and the 
consequences of pilot incapacitation are considered, as well as the historical 
accident record noted in Paragraph (A) above. 

(vii) System Failures. The consequences of changes from normal 
to failed modes of operation should be included in the program. Both primary 
and secondary systems should be considered and representative combinations of 
failures should be included. 

It must be shown that the airplane 

Incapacitated crewmember tests need not be additive 

Although 

(See note in Paragraph 5c(4)(viii).) 
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( v i i i )  Emergency and Non-normal Si tuat ions.  A sampling o f  

P r i o r  t o  
various emergencies and non-normal condit ions should be establ ished i n  the 
t e s t  program t o  show t h e i r  e f f e c t  on the crew workload. Note: 
select ing the  system f a i l u r e s  t h a t  w i l l  be evaluated i n  the f l i g h t  t e s t  
program, i t  i s  necessary t o  conduct simulat ion o r  ana ly t i ca l  studies. The 
crew workload d i s t r l b u t i o n  dur ing the execution o f  emergency o r  non-normal 
s i tua t ions  should be understood t o  assure se lect ion o f  appropriate f a i l u r e  
cases. 

(5) Guidelines concerning the implementation o f  a selected number o f  
subjective, physiological,  and performance workload measurement techniques, i s  
contained i n  the FAA repor t  "Assessment o f  Crew Workload Measurement Methods, 
Techniques, and Procedures" Vol. I1  (Report No. WRDC-TR-89-7006). 

d. Recording F l i g h t  Test Data. 

(1) The members o f  the type c e r t i f i c a t i o n  team who serve as p i l o t s  
and observers should be supplied w i th  subject ive workload assessment 
questionnaires t a i l o r e d  t o  match the extent o f  the evaluation. 
deck i s  a l te red  from a previously approved and f u l l y  sa t is fac to ry  
conf igurat ion by the addi t ion o f  a s ing le  new system, f o r  example, the  
evaluation can be l i m i t e d  and spec i f i c  as t o  scenarios and questionnaires. 
For a complete new f l i g h t  deck and a reduction i n  previously approved minimum 
crew, a complete workload assessment covering a l l  phases o f  f l i g h t  should be 
conducted, w i th  correspondingly complete evaluation questionnaires. I n  
addi t ion there should be i n - f l i g h t  observer forms tha t  provide means t o  record 
crew performance, crew errors, missed communications, and problems with 
checkl ists,  f l i g h t  management o r  f l i g h t  guidance systems, o r  a structured 
debr ie f  questionnaire and in terv iew a f t e r  the f l i g h t  designed t o  i d e n t i f y  
operational s i tua t ions  experienced i n  f l i g h t .  For the  purposes o f  t h i s  data 
gathering, the  airplane should be configured t o  al low the  team evaluators t o  
observe a l l  crew a c t i v i t i e s  from the  cockpi t  and t o  hear both external and 
in te rna l  comunications. 

d i f ferences w i th  the  reference airplane, and var ia t ions  i n  the t e s t  
environment, are not  conducive t o  analyses t h a t  use precise measurements. 
Instead, coarse rankings o f  the perceived workload fac to rs  l i s t e d  i n  Part 25, 
Appendix D, should be sought, and compared t o  e i t he r  a basel ine model o r  the 
evaluator 's impressions o f  a typ ica l  workload i n  s im i la r  current  design 
airplanes. Areas o f  increased workload due t o  external  elements, system 
fa i lures,  ind iv idua l  d i f ferences i n  rat ings,  and quant i ty  and impact o f  crew 
er ro rs  must be understood and resolved. Increase workload does not  
necessari ly make the  airplane under evaluation unacceptable. However, t o  be 
acceptable, i t  must be a consensus o f  the  c e r t i f i c a t l o n  team members t h a t  a l l  
o f  the workload elements speci f ied i n  Part  25, Appendix 0, can be accomplished 
by appropr iately ra ted and t ra ined p i l o t s .  

I f  the f l i g h t  

(2) The regulatory  c r i t e r i a  as wel l  as ind iv idua l  f l i gh tc rew a b i l i t y ,  

6 P a r  5 



2/2/93 

e. Addit ional Workload Test Methods. 

AC 25.1523-1 

(1) I f  a new airplane design incorpora.s  changes not assessable by 
t r a d i t i o n a l  t e s t  methods, a l te rna t ive  methods should be proposed by the 
manufacturer w i th  s u f f i c i e n t  substant iat ing data t o  assess the v a l i d i t y ,  
r e l i a b i l i t y  and a p p l i c a b i l i t y  o f  the  method. 

problem reso lu t ion  o r  workload i n  a conventional versus a modif ied f l i g h t  deck 
design o r  w i th  conventional versus modified handling qua l i t ies .  
i t  should not be presumed tha t  t r a d i t i o n a l  t e s t  methods are appropriate f o r  
a l l  new designs. 

the data co l l ec t i on  and analysis plan res ts  w i th  the applicant. The FAA i s  
responsible f o r  assuring tha t  the plan incorporates v a l i d  and r e l i a b l e  
measures o f  crew workload tha t  are viewed by experts as representative o f  
current knowledge and developments. The FAA w i l l ,  and applicants are 
encouraged to, consult w i th  other government and industry spec ia l i s ts  t o  
achieve t h i s  object ive.  

6. Summarized i n  chart form (see APPENDIX 1) are the 
sequential stages o f  implementation o f  g 25.1523. 
action, it i s  indicated when the procedures should be i n i t i a t e d  and completed, 
and who has the primary respons ib i l i t y  f o r  planning and executing the step. 

(2) Comparisons may be required between the speed and accuracy o f  

I n  any case, 

f. Involvement o f  Th i rd  Part ies. Responsibi l i ty  f o r  the preparation o f  

CHECKLIST OF EVENTS. 
For each b r i e f l y  described 

RONALD T. WOJNAR 
Manager, Transport Airplane Directorate, 
A i r c r a f t  C e r t i f i c a t i o n  Service, ANM-100 
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APPENDIX 1. SECTION 25.1523 CERTIFICATION SEQUENCE 

1. 

2. 

3.  

4. 

5. 

6. 

7. 

8. 

Fami l iar ize FAA w i th  f l i g h t  
deck design features. 

Decision as t o  general nature o f  
the minimum f l i gh tc rew program. 
New models? Follow-on? Modi f icat ion? 

Preparatjon o f  overa l l  c e r t i f i c a t i o n  
p lan f o r  demonstration o f  compliance 
w i th  5 25.1523. 

Final  f l i g h t  decli design/prototype 
speci f icat ions.  

Review o f  appl icant 's plan. 
I d e n t i f i c a t i o n  o f  i s u e s .  

Prel iminary decis ion on reso lu t i on  
o f  crew workload issues. I d e n t i f i c a t i o n  
o f  remaining issues. 

Conduct p l  anned stud i es/s i mu1 a t  i ons/ 
analyses. 

Preparation o f  pre l iminary 
MEL - f l i g h t  manual. 

TlME RESPONSIBILITY 

Program incept ion t o  Manufacturer * 
speci f icat ion o f  
prototype. 

P r io r  t o  spec i f i ca t ion  
o f  prototype. 

A f te r  deciqion o f  the 
general nature o f  
minimum f l ightcrew program. 

FAA 
(Manufacturer) 

Manufacturer 

Upon completion o f  Manufacturer 
necessary design 
studies/market analyses. 

Prel iminary TCB meeting. FAA 

Upon rece ip t  by FAA. FAA 

Manufacturer 

P r io r  t o  c e r t i f i c a t i o n .  Manufacturer 
(FAA) 

Pr io r  t o  f l i g h t  t e s t  Manufacturer 
f o r  5 25.1523. (FAA) 

N . 
N . 
W 
W 
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9. 

10. 

11. 

Preparation of detailed test plan for 

5 25.1523. 

Prior to flight test Manufacturer 
demonstration of compliance with for g 25.1523. (FAA) 

Decisions on flight test plan 
requirements for flight test. 

Conduct flight tests. 

Upon completion of ground FAA 
studies . 
From flight test plan. Manuf acturer/FAA 

* Customer participation in all phases of flight deck evaluation is implicit in the manufacturer's 
responsibilities. Consultation between the manufacturer and customers is continuous from inception 
through the phase of airplane delivery, and until completion of airplane service life. 

( ) Indicates secondary responsibility 

N . 
N . 
W 
'4 
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Advisory 
Circular - 

SubJaCERTIFICATION OF NON- Date 1/2/91 AC N ~ :  2 3.15 2 1-1A 
OXYGENATED AUTOMOBILE GASOLINE Initiated by: ACE-100 (hnw~: --. - 
(AUTOGAS) INSTEAD OF AVIATION 
GASOLINE (AVGAS) IN PART 23 AIR- 

1. PURPO SE. This advisory circular (AC) provides information and 
guidance concerning an acceptable means, but not the only means, of 
compliance with part 3 of the Civil Air Regulations (CAR) and part 23 
of the Federal Aviation Regulations (FAR), applicable to approval 
procedures covering use of autogas in part 23 airplanes. These 
procedures also apply to those airplanes approved under part 4a of 
the CAR. Accordingly, this material is neither mandatory nor 
regulatory in nature and does not constitute a regulation. 

2. CANCELL&LLN o . AC 23.1521-1, Approval of Automobile Gasoline 
(Autogas) in lieu of Aviation Gasoline (Avgas) in Small Airplanes 
with Reciprocating Engines, dated January 25, 1985, is cancelled. 

3. -TED FAR SE CTION S. For convenience, the related sections of 
CAR, part 3 reference, corresponding to the sections of FAR, part 23, 
are shown in parenthesis. 

; 

a. Section 23.1521(6) (3.744(c)). 

b. Section 23.961 (3.438). 

c. Section 23.955 (3.429). 

, 

4. RELA'PED READING MATERIAL . The advisory circulars listed below 
can be obtained from the U. S. Department of Transportation, 
Utilization and Storage Section, M-443.2, Washington, D.C. 20590. 
AC 23-8A can be obtained from the Superintendent of Documents, U. S. 
Government Printing Office, Washington, D.C. 20402, or from any of 
the Government Printing Office bookstores located in major cities 
throughout the United States. 
Materials (ASTM) Standards listed below can be obtained from ASTM, 
1916 Race Street, Philadelphia, PA 19103. 

Aircraft Engines," AC 20-249, Federal Aviation Administration, 

The American Society for Testing and 

{a. "Qualification of Fuel, Lubricants, and Additives €or 

December 20, 1985. 

FAA Form 1320-15 (4-82) Supersedes WA Form 1320.2 
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b. "Aircraft Fuel Control," AC 20-43CI Federal Aviation 
Administration, October 26, 1976. 

AC 23-8A, Federal Aviation Administration, February 9, 1989. 

Small Airplanes," AC 23.955-1, Federal Aviation Administration, 
June 10, 1985. 

AC 23.959-1, Federal Aviation Administration, January 15, 1985. 

Tests,I1 AC 23.961-1, Federal Aviation Administration, January 14, 
1987. 

ttDetonation Testing in Reciprocating Aircraft Engines," 
AC 33.47-1, Federal Aviation Administration, June 27, 1988. 

"Standard Specification for Aviation Gasolinesls1 ASTM D 910, 
American Society for Testing and Materials, October 31, 1988. 

"Standard Specification for Automotive GasolineItt 
ASTM D 439, American Society for Testing and Materials, October 31, 

c. "Flight Test Guide for Certification of Part 23 Airplanes," 

d. Y3ubstantiating Flow Rates and Pressures in Fuel Systems of 

e. Wnusable Fuel Test Procedures for Small Airplanes,I1 

lvProcedures for Conducting Fuel System Hot Weather Operation f. 

g. 

h. 

i. 

1988. 

j .  %tandard Specification for Automotive Spark-Ignition Engine 
ASTM D 4814, American Society for Testing and Materials, 

October 31, 1988. 

80/'87 and Use of Automotive Gasoline," AC 91-33A, Federal Aviation 
Administration, July 18, 1984. 

5. BACK GROUND. 

k. llUse of Alternate Grades of Aviation Gasoline for Grade 

a. 1x1 accordance with prior policy, airplane and engines listed 
in the U . S .  Department of Commerce Aeronautics Branch document titled, 
"Chapter XIII-Approved Aircraft Engines and AccessoriesIf1 dated May 1, 
1931, may use any type of gasoline in the airplanes. 
include gasolines containing ethanol, methanol, methyl-tertiary- 
butyl-ether (MTBE), or other oxygenate additives. 

b., 1x1 accordance with prior policy, airplanes that have been 
previously approved for operation on autogas, in combination with an 
autogas approved alternate engine, can be field-approved provided 
there are no changes to the airplane or engine and the engine fuel 
system originally approved for autogas has a gravity type fuel system. 
Consideration must be given to larger fuel flow requirements of larger 
engines. 
appropriate airplane and engine Supplemental Type Certificates (STC's) 
and/or corresponding data to ensure no changes were made to the 

This does not 

This finding would require an engineering evaluation of the 
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original fuel system. 
made by the appropriate aircraft certification office. 
only to the autogas portion of an engine change. 
certification issues that must be addressed. 

This decision to allow field approval must be 
This applies 

There may be other 

c. Section 23.1521(d) (3.744(c)) requires the minimum fuel 
grade be established so that it is not less than that required for the 
operation of the engine within the limitations of 5 23.1521(b) and 
(c). The Type Certificate Data Sheet (TCDS) for the engirre specifies 
the minimum grade aviation gasoline that has been established during 
type certification of the engine. Aviation Grades 80/87, 100/130, and 
lOOLL fuels are common grade gasolines approved for airplane engines. 

I 

discontinued the production of Grade 80/87 aviation fuel. Therefore, 
several alternate fuels have been proposed for normally aspirated or 
supercharged, fuel-injected, or carbureted low-compression engines 
that were approved for operation on Grade 80/87 octane fuel. 

e. 
autogas in small airplanes approved under part 3 of the CAR or 
part 23 of the FAR. Two STC's are required for each different 
airplane -- one for the engine and one for the airplane. 
are issued when the applicant demonstrates to the FAA that the 
modification meets the applicable FAR'S. 
autogas in one airplane does not automatically apply to other 
airplanes, regardless of whether it is powered by the same engine. 
All STC data (drawings, reports, etc.) developed by an applicant are 
proprietary. An airplane owner seeking authorization to use autogas 
can develop his own data to pursue STC approval (for engine and 
airplane) from the FAA. Alternatively, if STC's have already been 
issued applicable to his model engine or airplane, the airplane owner 
may purchase these STC's from their owner and modify his engine or 
airplane in accordance with the associated technical data. 
airplane STC should identify the engine STC as prerequisite under the 
limitations. 

f. Specifications for autogas as well as avgas have been 
developed by the American Society for Testing and Materials (ASTM). 
These specifications are ASTM D 910 for aviation gasolines and ASTM 
D 439 or ASTM D 4814 for autogas. 
other oxygenates, conforming to D 439 and D 4814 are essentially 
identical and may be used interchangeably. Care must be used in 
selecting autogas for aviation use because many automotive gasolines 
are not manufactured in accordance with these ASTM specifications and 
may contain alcohol and other oxygenates. 
may bp harmful to aviation fuel systems and engine operation and 
should be avoided. Gasolines conforming to these ASTM specifications 
and that do not contain alcohol or other oxygenates are the only 
current FAA approved autogas fuels for aviation use. 
ASTM specifications D 439 and D 4814, an oxygenate is an oxygen- 
containing ashless organic compound such as an alcohol or ether that 
may be used as a fuel or fuel supplement. 
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d. In recent years, some petroleum manufacturers have 

STC's may be issued to authorize use of unleaded or leaded 

These STC's 

An STC issued to authorize 

The 

Autogases not containing alcohol or 

These gasoline additives 

As defined by 

Accordingly, MTBE is an 
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oxygenate and approvals for use of autogas do not include MTBE or 
blends/mixtures of MTBE. 
should include the fuel composition and test methods as well as 
identify the test laboratory or organization performing the test. 

The data submitted to document the fuel used 

g. ASTM D 910, "Standard Specification for Aviation Gasolines," 
allows the use of isopropyl alcohol conforming to the requirements of 
ASTM D 4171, Wpecifications for Fuel System Icing Inhibitor,g8 as a 
fuel system icing inhibitor. Accordingly, isopropyl alcohol 
conforming to ASTU D 4171 may be used in concentrations up to 1% by 
volume, to benefit safety, as an icing inhibitor in autogas when 
approved as part of the STC or amended Type Certificate (TC). 
Addition of isopropyl alcohol may reduce antiknock ratings. 
Therefore, the tests performed to obtain approval for the fuel should 
be accomplished with fuel containing 1% by volume of the D 4171 
isopropyl alcohol if the addition reduces the antiknock rating and 
antiknock rating is critical to the test being performed. 

\ 

a. m n e  STC . It is mandatory that the engine be approved (by 
STC or TC) for operation on autogas before autogas is eligible for 
approval in the airplane. Advisory Circular 20-24B describes an 
acceptable method of obtaining approval for the engine to operate on 
autogas. Engines that are approved for operation on 80/87 grade 
aviation fuel, or normally aspirated engines that have a compression 
ratio of approximately 7.2:l or less, may operate satisfactorily on 
autogas. Engines having a compression ratio greater than 7.2:l may 
experience detonation with associated engine destruction when 
operating on low-octane autogas. In either case, operation of the 
engine with any alternate fuel must be shown to meet the minimum 
design requirements for the engine and be approved. 
possible for.testing of the engine and airplane to be conducted 
concurrently. 
alternate grade of avgas in airplanes. 

the applicant and presented to the appropriate FAA Aircraft 
Certification Office (ACO) for acceptance. The test plan should 
include a description of the test program and equipment that the 
applicant proposes to use in demonstrating the airworthiness of the 
fuel to be approved. The engine(s) and airplane fuel system(s) and 
oil system(s) components should be subjected to a pretest and post- 
test inspection to verify their conformity and condition prior to and 
after testing. The test procedures should provide all the specific 
information required to perform the tests (i.e., test fuel 
specificdtion, test location, engine model to be tested, specific test 
hardware and instrumentation to be used, engine minimum and maximum 
operating parameters, engine lubricant to be used, lubricant change 
interval, list of all information to be recorded during the test 
including changes to oil properties, intervals at which this data is 
to be recorded, etc.). 

It may be 

Advisory Circular 91-33A contains information on use of 

b. A certification test plan and schedule should be prepared by 
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c. Prior to FAA authorization for test, the applicant should 

The data should include 

submit a report to substantiate that the fuel under the conditions in 
which it will be used in the airplane is compatible with the 
applicable engine and airplane materials. 
compatibility with materials, lubricants, and additives that are 
approved for the engine, propellers (where applicable), and the 
airplane. 

submitted that includes at least the following: 

A description of the airplane and engine(s) in which the 
fuel was tested. 

A chronological history of test conditioqs and engine 
performance, including r.p.m., power or thrust levels achieved during 
the test, fuel and oil consumption, oil changes, parts replacement, 
and other pertinent test results. 

after the test and before each oil change. 

filters after the test and when filters are changed. 

substantiation testing, this analysis must demonstrate minimum or 
"worst easel' properties. 

or other harmful effects that occurred as a result of the test. 

shrinkage, hardness, or unsatisfactory condition on or in any of the 
fuel or oil-wetted parts that occurred as the result of the test. 

e. &r'r>lan e STC . 
airplane for operation on autogas should consider the following items: 

(1) 
engine. 

(2) 
accomplished.- For certification testing, the analysis should 
demonstrate minimum or critical properties. 
cqnt.aining ethanol, methanol, MTBE, or other oxygenate additives is 
not acceptable and should be avoided. 

(3) A hot weather operation test in accordance with 5 23.961 
should be conducted. 
altitude for which approval is requested with the critical fuel. The 
critical fuel is considered one having a volatility Class E or winter 
grade' from a northern geographical class of the United States with an 

d. At the completion of the airplane tests, a report should be 

(1) 

(2) 

(3) An analysis of lubricating oil samples taken before and 

(4) 

(5j 

An analysis of material collected in the fuel and oil 

An analysis of the fuel used during the test. For 

(6) A description of abnormal wear, deposits, metal attack, 

(7) A description of deterioration, excessive seal swelling, 

Evaluation of an application for STC of an 

The fuel must be approved by STC or TC for use in the 

An analysis of the fuel used for the test should be 

The use of autogas 

The airplane should be tested to the maximum 
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antiknock designation of [(R+M)/2] of 87. Refer to ASTM D 439 and/or 
D 4814 for location and seasonal variations of autogas. 
should be available on the open market for those regions of the United 
States. 
limits of the ASTM D 439 and/or D 4814. The following tests should be 
conducted: 

This fuel 

The test fuel should be analyzed for compliance with the 

(i) Test Procedure I. 

(A) 

(B) 

Use winter grade fuel with a Reid Vapor Pressure 
of 12.5 minimum. 

Keep fuel cooled from delivery at refinery to 
installation in the test airplane at a temperature of ll°C (52°F) or 
cooler in a nonvented container. Drain entire airplane fuel - system 
prior to placing the test fuel in the fuel tanks. 

automotive gasoline and heat to a temperature of 43°C (110-F +0-5'F). 
(Reference FAA AC 23.961-1). 

(D) 
that will ensure the fuel temperature does not fall below the values 
listed in (C) above. 

(C) Fuel the aircraft with a minimum safe amount of 

Prepare the airplane for takeoff in a manner 

(E) Refer to AC 23.961-1 for test procedures. 

(ii) Test Procedure 11. 

(A) Service experience indicates that the following 
test should be conducted on airplanes proposed for certification on 
automotive gasoline. Use fuel identified in 6e(3)(i)(A) and (B) 
above, fuel the airplane with a minimum safe amount of fuel, and heat 
to 29°C (85'F +2"F). Prepare the airplane for takeoff in a manner that 
will ensure the fuel temperature does not fall below 28°C (83T). 

(B) Refer to AC 23.961-1 for test procedures. 

(iii) Test Procedure 1x1. Service experience indicates that 
the following test should be conducted on airplanes proposed for 
certification on automotive gasoline when the main fuel tanks are at 
or below any pump on a suction lift fuel system. 
completing 6e(3)(ii)(A) and (B) above, park the airplanes on the ramp 
with ambient air temperature of 80°F or higher. Allow airplane to sit 
on the ramp a minicum of 15 or a maximum of 30 minutes to heat soak. 
Without refueling, start engine, taxi, complete normal preflight, 
takeoff$ climb to 3000 feet AGL, return, and land. Ensure that there 
are no abnormal engine operating characteristics. 

Subsequent to 

(4) Evaluate the inflight restart envelope with the fuel 
( §  23.903(f)). 
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(5) Engine cooling may not be critical; however, engine 
cooling tests, in accordance with 5 23.1041, must be evaluated for 
compliance with the regulations. 

aircraft maneuvers: e.g., takeoff and landing, balked landing, stall, 
etc. 
accordance with 5 23.955(e), should be evaluated. The stall test 
should be conducted first with avgas to ensure that the test pilot is 
awara of the normal airplane operation. 

(7) Carburetor heat rise may not be critical; however, 
carb1Jretor heat rise test, in accordance with 5 23.1093, must be 
evaluated for compliance with regulations. 

pressure feed systems with respect to vapor formation and should be 
evaluated for operational problems. 

that engine rated horsepower is within the limitations specified on 
the applicable airplane TCDS. 
can be evaluated by determining the static r.p.m. and manifold 
pressure are within TCDS limits. 
of autogas, evaluation of these effects on airplane performance is 
necessary. 
be accomplished. 

(elastomers, sealants, seals, liners, hoses, etc.) with autogas. 
Industry standards such as SAE procedures and ASTM specifications may 
be used to establish compatibility. 

Establish compatibility of fuel quantity gauging system 
with autogas. Industry standards such as SAE procedures and ASTM 
specifications may be used to establish compatibility. 

(AFM) or AFM Supplement, as applicable, is necessary to specify the 
airplanels proper operating procedures and limitations. 
Supplemental AFM is used with airplanes that were originally 
certificated without an AFM, whereas an AFM Supplement is used with 
airplane models having an AFM. Procedures for determining that fuel 
is free of contamination, does not contain unapproved materials such 
as ethanol, mhthanol, MTBE, or other oxygenates, and meets the minimum 
specification for which approval was obtained, should be provided by 
tNe applicant and should be included in the AFM. It is the operator's 
responsibility to determine that the fuel used satisfies the approved 
fuel requirements. 
material concerning fuel handling procedures and methods to prevent 
contamination. 
addressed. 

( 6 )  Evaluate for normal engine operation during all approved 

Also engine operation when changing from one tank to another, in 

( 8 )  Suction lift fuel systems are more critical than 

(9) Evaluate the engine for proper operation and confirm 

Airplanes with fixed pitch propellers 

If engine power is degraded with use 

Detonation testing with critical specification fuel should 

(10) Establish compatibility of fuel systems material 

(11) 

(12) Preparation of a Supplemental Airplane Flight Manual 

A 

Advisory Circular 20-43C contains advisory 

Procedures for mixing autogas and avgas should be 

Par 6 7 



1/2/91 

. (13 ) . .Spe&4 appropriate markings and placards (5 23.1541) to 
define the apprdve,d grade of fuels and any operating limitations. lhe 
appropriate dae1,specification such as ASTM D 439 and/or D 4814 should 
be included. 
AFM or AFM Supplement for proper operation. 

Manual should contain the following caution: 
selecting autogas for aviation use because many automotive gasolines 
are not manufactured in accordance with ASTM specifications 
D 439 and D 4814. 
D 439 and D 4814 that do not contain ethanol, methanol, MTBE, or 
other oxygenates are the only current FAA approved autogas fuels for 
aviation use. 
aviation fuel systems and engine operation and should be avoided." 

The Flight Manual Supplement or Supplementary Flight 
Manual should contain a caution stating the following: 
local, state, and federal regulations pertaining to airplane fueling 
operation must be complied with." 

approve3 STC's fo auto as use. 

SpeLr/i;Fy a placard to alert the pilot of a Supplemental 

(14) The Flight Manual Supplement or Supplementary Flight 
*Tare must be used when 

I 

Gasolines conforming to the ASTM specifications 

Gasolines containing these oxygenates may be harmful to 

(15) 
"All airport, 

(16) The above cautions should be added to all previously 

3 9& CLEMENTS 

Manage Small Airplane Directorate 
Aircraft Certification Service 
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