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BOEING 7~7 FLIGHT CONTROL SYSTEM 

CRITICAL DESIGN REVIEW 

PROJECT SUMi'\1ARY: 

Recent accidents have raised questions .regarding the operational 
safety of the 8737 flight control system. The FAA initiated an 
extraordinary effort in an attempt to determine if anything may have 
been overlooked. A nine-member team composed of engineers and 
airworthiness inspectors from within the FAA and other government 
authorities and USA agencies worked for over five months 
reviewing the flight control system design and service history of all 
model~ of the 873 7. Although some des~gn and maintenance issues 
have been identified and are reported here~ no safety issue has been 
found that requires immediate corrective action. The Team has not 
found any design issue that could lead to a defmite cause of the 
accidents that gave rise to this effort. 

1. PROJECT CHARTER: 

a. Background and Discussion· As of October 1994, the Boeing 737-100/-200 series 
airplane has accumulated nearly 43 million flight' hours and the -300/-400/-500 series airplane · 

'nearly 20 million flight hours~ During that time, a total of SS hull loses have occurred within the 
whole series ofB737 models none of which have yet been attributed to flight control 
malfwiction.· This represents one of the best safety records in the fleet of transport category 
airplanes. However, the USAIR 8737 accident near Pittsburgh, and the United B737 accident 
near Colorado Springs, have raised questions about the flight control system on the 8737. 
Despite repeated reviews and analyses of the de$ign, the question of whether something has been 
overlooked still persists. In an effort to answer this question, the FAA Transport Airplane 
Directorate organized a Team to c:onduct a Critical Design Review (CDR) of the B737 flight 
control systems. The CDR was conducted independent of the accident investigation of US Air 
Flight# 427. Appendix 1 contains the complete text of the original charter inaugurated on 
October 20,1994. 

b. Project Objectives- The Team, in coordination with Boeing engineers and other 
sources of infonnation and guidance, developed an airplane level hazard assessment of the lateral 
and directional flight control systems. The analysis of the flight control systems was mostly 
qualitative and was consistent with guidance in Advisory Circular (AC) 2. . 09-lA. Single 
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failures and malfunctions, both latent and non-latent, and combinations of failures were reviewed 
initially without regard to their probability of occurrence. The hazard assessment conducted by 
the CDR Team included flight control system part(s), power supplies, worst-case reaction of the 
crew to any malfunction, maintenance related issues and airplane· model differences. Because the 
original failure analysis developed by Boeing was qualitative, there were insufficient data to rank 
the probability of occurrence of the single and multiple failures. Consequently, the focus of the 
CDR was on the alternative means of flight path control and its preservation in the event of 
failure(s} or malfunction(s) rather than the elimination of the single or multiple failure event. 

2. CDR TEAM MEMBERS: The selection process for the Team members was intended to 
ensure that selected personnel were expert in their specialties and did not have direct 
participation in the certification of the B737. It was hoped this approach would afford a fresh 
look at the B737 flight control design an~ its continued operational history. Team members 
outside of the FAA were selected to provide other perspectives on design and operation. The 
CDR Team was also supported full time by a National Transportation Safety Board (NTSB) · 
aviation safety investigator who was not assigned to any recent B737 accident investigation. 
This report was reviewed by the investigator and all comments have been incorporated. This 
involvement by the investigator in no way reflects any official Safety Board position on any 
matters within this report Appendix 2 contains the technical biographies of the Team members. 

3. 8737 AIRPLANE DESCRIPTION: The Boeing Model737 design was originally 
conceived in the early 1960s and certj.fied in 1967. The 8737 is a conventional, two-engine, jet
powered, ·large commercial transport. The B737 has a variety of passenger and cargo 
configw-ations as provided by different models. A significant model change was introduced 
with the advent of the 8737-300 which incorporated a new engines variant (CFM-56} and 
updated flight deck displays and automation. The airplane is designed principally for the short 
and medium range routes. The flight control system is hydraulically powered with manual 
reversion available for pitch and lateral control. Pilot input to the flight control systems is . 
generally through a cable and pulley arrangement CQnnected to hydraulic power control units that 
position the flight control surfaces. Appendix 3 contains a more detailed description of the 
hydraulic control system ~d the directional, longitudinal, and lateral flight path control systems 
of the B737. 

4. CRITICAL DESIGN REVIEW METHODOLOGY: The CDR Team determined it could 
not c_onduct a detailed quantitative analysis within the time frame established in the Charter. It 
was established that a qualitative effort, as provided by the definition in AC 25.1309-lA, 
paragraph 8.a., "Functional Hazard Assessment," should be used in considering the available data 
and resources that could be devoted to the effort. Also, early in the project, the Team decided to 
focus on the lateral and directional flight control systems. Although the Team received 
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familiarization training on the longitudinal flight control system and high lift devices. a design 
·review was not conducted on these systems. The lack of implication of the longitudinal control 
system as a causal or contributing factor in recent accidents and incidents, indicated that no 
analysis effort on this system was warranted at this time. (Appendix 4 provides the day·to-<iay 
activity of the CDR Team.) 

a. Objectives· In an attempt to help maintain focus on the purpose of the review, the 
Ttam amplified the original objectives and process as follows: 

(1) Identify those failure events, both single and multiple, within certain flight 
control systems that result in an uncommanded deflection or jam of a flight control surface. 

· (2) Identify latent failures in each axis of flight controL 

(3) Review the service history of the failed or malfunctioning component or 
subsystem through a review of Airworthiness Directives (AD), Service Bulletins (SB), Service 
Letters (SL), Service Difficulty Reports (SDR), National Transportation Safety Board (NTSB) 
recommendations, National Aeronautics and Space Administration {NASA) Aerospace System 
Reporting System (ASRS} reports, and other reports. (See Section 7: "Service History.n) 

( 4) Identify and review the maintenance ·Or inspection requirements (task and 
inspection interval), as provided by the manufacturer's Maintenance Planning Document (MPD), 
Maintenance Review Board (MRB) report, or maintenance manual for each identified component 
or subsystem with critical failure potential. 

b. Determiaation of Criticality - The detennination of the criticality of the failure(s) 
will be in consideration of: 

(1) Functional hazard assessment process (see Section 5). 

(2) · Current certification regulations, practice, and guidance. 

(3) Service history of failed or malfunctioning components (see Section 7). 

(4) The simulator exercise conducted in support of this review (see Section 8). 

(5) The following asswnptions or qualifying statements: 

·(a) The qualification of "normal flight envelope" or "control position 
nonnally encountered" does not necessarily exclude the potential for a flight control 
surface to jam when at full deflection unless full deflection is only required by flight 



conditions produced by another improbable failure, e.g .• engine failure during a limited 
time period. 

(b) The qualification of "latent failures," as provided by AC 25.1309-1 A, 
paragraph 8.f: "A latent failw-e is one which is inherently undetected when it occurs. A 
significant latent failure is one which, in combination with one or more other specific 
failures or events, would result in a hazardous fail w-e condition." 

(c) A failure condition is considered a hazard when continued safe flight 
and landing are doubtful, based on engineering and operational judgment of the T earn. 

(d) Continued safe flight and landing include consideration for the 
flightcrew's workload and the requirement for their prompt and correct response to an upset 
condition due to a failure. 

5. FUNCTIONAL HAZARD ASSESSMENT: 

a. Background· Boeing provided the Team with familiarization training and an indepth 
review and presentation of the certification data developed for the 873 7 lateral and directional 
flight controls. The certification data included identification of failures and recommended 
ameliorating actions. Other documentation provided by Boeing for Team review or reference 
included the following: AUplane Flight Manual, Operations Manual, Maintenance Planning 
Docwnent, PCU Overhaul Manual, selected Type Ins~tion Reports (TIR), and ground
functional flight control mock-up (1ronbird) test reports. Service history infonnation, as defined 
in Sectio~ 4.a. (3) of this report, was collected and sorted, as applicable, to help define failure 
conditions or scenarios. 

b. Discussion· The Boeing ce~cation data was not quantitative, and did not indicate 
probability of occurrence of failures, except as·described in Section 6.b.(J). in the flight control 
system. Following the review of this analysis, the Team identified a number of potential single 
and multiple failures, failure scenarios ·and malfunctions, and latent failures in the flight control 
system that had the potential to be hazardous, in accordance· with Section 4 of this report. 

As noted in Section 4.b.{S)(a), the CDR Team considered jams in control position, not just those 
"normally encowttered," in accordance with Amendment 23 to FAR§ 25.671 and Appendix 5 
pg. A-20. The Team does not agree with the rationale that only control positions associated with 
"normally eneowttered" should be considered. There are too many variables (atmospheric 
conditions pilot technique, airplane condition (trim requirement), air traffic, etc.) to define 
"nonnally encowttered" other than that it may be less than full detlectioa The Team's position is 
that if a control position is possible, it is there for a ptup95e, and the pilot can use that control. 
autho·rity. The only exception to this requirement is the case when full control deflection is only 
required (provided) to counter another improbable failure or event. Probability analysis should 
not be used to predict pilot action, particularly in worst-ase reaction, in accordance with the 



Team's charter. (See "Recommendations For FAA Actio~" Section 1 S. R~commendation -1, -
2). 

A plan was established to test a number of the potential failure conditions in the Boeing "M" 
Cab engineering flight simulator. The "M" Cab was declared by ~oeing to be of sufficient 
fidelity for our purpose. A synopsis of the simulation exercise is contained in Section 8. 

c. Assessment Process- The single and latent failures of concern to the Team arc 
contained in Sections 9 and 10. There was insufficient time to determine numerical probability 
of occurrence for single, multiple and latent failures, therefore the method for resolving the 
hazard of the failures was qualitative and conducted in accordance with the following: 

(1) Failures were se.gregated by axis. 

(2) Failures were then grouped by axis and failure mechanism, i.e., jams, loss of 
function as a consequence of a break or separation and potential for a pilot to induce a hazardous 
condition, in response to a failure, such as loss of rudder feel or loss of centering of the pilot's 
flight control input. 

(3) Alternative means of controlling the airplane were identified and analyzed to 
determine if they were sufficient, available, and could be applied by a pilot of normal skill. 
Examples would be: 

(a) If there is a potential for an unco~anded rudder hardover that cannot 
be alleviated, is th~re sufficient control of the aircraft for continued safe flight and landing 
through the lateral control system? 

(b) If ihe ailerons are hardover because of a jam on the pilot's side 
(column, cables, aileron quadrant, etc.), is there sufficient lateral control available by the copilot 
flying the airplane with flight spoilers through the aileron transfer mechanism? 

(c) If the pilot were to induce a rudder hardover as a consequence of the 
loss of feel, is there .sufficient indication(s) or sense ·of pilot control input to regain control of the 
flight path of the airplane and continue safe flight and landing? · 

(d). If there is a loss of system functio~ like a hydraulic system failure, is 
the standby system readily available and operational? · 

(4) Having identified failure conditions leading to the use of designed alternative 
means for flight control, a review was conducted of the service history and maintenance 
inspection requirements and their frequency. This information was used to support the Team 
position that there is a potential for occurrence of the identified jams, failures, and malfunctions. 
The service history was further scrutinized to dctennine if any changes were desirabl·e, e.g., 



modified inspection tasks and intervals, and whether certain SBs and SLs should be mandated to 
enhance the safety of the flight control system. 

(5) Latent failures that would affect the operation of the alternative flight control 
system including recommendations to reduce their potential for occurrence were then identified. 

6. CERTIFICATION BASIS AND COMPLIANCE: 

a. Model 8737-100/-200 Series Airplanes. 

(1) Airworthiness Requirements. The 8737·100 and ·200 were type-certificated 
in December 1967. Their certification basis was FAR Part 25, including Amendments 25·1, 25· 
2, 25·3, 25·7, 25·8, 25·15, and special conditions that added additional fuel system and 
inoperative electrical system requirements, which became rules in later amendments to FAR Part 
25. ln 1979, another special condition was added to provide for an airplane Auto TakeoffTh.rust 
Control System (A TICS). Two exemptions were granted that concerned maximum takeoff 
gross weight and location of fire detectors. 

(2) Analysis and Testing. In accordance with the certification basis, Boeing 
performed analysis and testing to demonstrate compli~ce with the airworthiness requirements of 
FAR Part 25. The analysis included the generation of failure analysis docwnents for each flight 
control system. Testing included ground tests on both a flight controls test bed (Iron Bird) and 
airplane flight tests. Tests conducted on the ground included proof load, frequency response, and 
selected control system failure (e.g., aileron body cables). Flight tests included stabilizer jams 
and trim runaways, failed hydraulic systems, asymmetric leading edge devices, asymmetric 

· trailing edge flaps, jammed flight spoilers, and autopilot/yaw damper hardovers. This list is 
intended to be illustrative, not all encompassing. 

(3) Results. The results of these analyses and tests showed satisfactory 
compliance with the FAR. and the tests were typical of those conducted to show compliance 
during the time period this airplane was type certificated. 

b. Model 8737·300/-400/-SOO Series Airplanes • 

. (I) Airworthiness Requirements. The B737-300/-400/·SOO series airplanes were 
type certificated during the 1984-1990 time period (specifically; November.l4, 1984; September 
2, 1988; and February 12. 1990, respectively). The certification basis for these aircraft was 
essentially the same as for the B737-100/·2.00, without special conditions, which were 
superseded by later amendments to FAR Part 25. Additionally, some later amendments to FAR 
Part 25 requirements were imposed upon only structure or components that were unique to the • 
300/-400/-SOO series airplanes, with respect to the existing -200 series airplane. No exemptions 
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were granted to the ·300/-400/-500 series airplanes. However, several equivalent safety fmdings 
were made with regard to these airplanes, none of which involved flight controls. Many of the 

·equivalent safety findings for the -400/-500 series airplanes involved flight performance or 
characteristic requirements that were related to. the decision to use the methodologies of a 
proposed amendment to FAR Part 25. This proposed amendment would allow the stalling speed 
of the airplane to be the minimum speed at which the wing is capable of producing a normal load 
factor of 1 g rather than the minimwn speed observed in the stall maneuver. 

(2). Issue Papers. There were a number ofF AA issue papers developed during the 
certification of the B737-300 that addressed concerns currently being raised by the CDR Team. 
One of these addressed maintenance items resulting from certification activities. This issue was 
resolved by the determination that no maintenance interval identification was necessary for 
showing compliance with certification requirements. In contrast, the CDR Team has identified a 
number of latent failures that require some maintenance/tlightcrew action to ecsure that a latent 
failure, combined with any subsequent failure, is not hazardous. 

There also. were issue papers that dealt with pitch, roll, and yaw-impaired authority; pitch, roll, 
and yaw control device unconunanded motion; inadvertent extensions/retraction of high-lift 
devices or spoilers; autopilot hardovers; and non-wntainment of turbine engine debris that are 
pertinent to CDR Team investigations and recommendatipns. All these issues were resolved 
during the certification of the -300 airplane. However, with the advantage of hindsight, the CDR 
Team has identified issues that could improve the level of safety. (See "Recommendations For 
FAA Action," Section 15.). 

(3) Analysis and Tests. Boeing performed both tests and analyses to show 
compliance with the airworthiness requirements of the certification basis for the -300/-400/-500 
series airplanes. The certification data were updated and, now, include system safety analyses 
(numerical probability of failure predictions) for new or modified features in the flight control 
systems. Some additional ground tests, similar to those conducted on the -200 .series ailplane, 
were conducted for the -300/-400/-500 series airplanes. · 

(4) Results. The results of these analyses and tests showed compliance with the 
FAR requirements. 

7. SERVICE HISTORY: A number of sources were utilized to determine the service history 
of the identified components and/or subs~stem el~ments of a flight control system under review. 

a. Reference Documents • Service Difficulty Reports (SDR), Service Letters (SL), 
Service Bulletins (SB), Airworthiness Directives (AD), NTSB recommendations, and NASA 
Aerospace System Reporting System (ASRS) reports were obtained and reviewed. A swnmary 
listing of the documents or reports reviewed is included in Appendix 6. 

------------------~-------------------c2E) 



b. Flight Control ComponentS (Wheel WeD)· The Team was provided service history 
infonnation from a number of sources, regarding this subject Some of the information came 
from Team ·observations and personnel interviews conducted at facilities visited (Section 7.c.). 
This information led to concerns for the vulnerability of critical flight control components in the 
main wheel well, to damage from environmental debris or failure of a wheel or tire. Boeing 
identified one incident (ground event) where a piece of epoxy became jammed in the input link 
to the aileron PCU. This event led to the installation of a protective soft cover. Another incident 
occurred with aT -43 (B73 7 military version) when a wheel failure ruptw'ed hydraulic 
components. In February of 1995, an incident occurred with a B737 -200 when system "A" lost 
hydraulic quantity during an approach due to a failure of a hydraulic pressure line in the main 
wheel well. It ap~ars the mechanism for the failure was the accumulation of debris under a 
clamp which then abraded the line. Also, during one of the Team visits to a repair facility, an 
airplane was in for a ••o" check, and one aileron PCU had enough accwnulation of dirt in the area 
of the input linkage to the PCU to possibly limit linkage travel to less then the designed stop. 

Boeing removed the protective screens in the wheel well (Reference SB's 737-52-1091 dated 
June 22,1989,737-52-1088, dated Apri119, 1985, and 737-52-1081, dated January 29, 1982). 
Boeing conducted extensive tire burst tests by simulating the gas pressure release from a worn 
tread (flat or bald spot) rupture with an air cannon. These tests showed that the screens could be 
eliminated if protection from the gas blast was provided for specific components. SB 52-1091 
details the changes required for screen removal as a result of these tests. No consideration was 
given to tire explosion because nitrogen, rather than air, had been mandated by regulation as the 
pressurizing gas. Also, no consideration was given to wheel failure because of the later, more 
stringent wheel requirements contained in TSO-C26c. Tread burst (gas releas~) was the only 
mode of failure considered because a historical search revealed no other failure modes for a non
rotating wheeL/bias-ply tire in the wheel well. Thrown tread was shown to occur with the wheel 

. rotating outside the well (before automatic braking that occurs as part of the retraction cycle). 

Not withstanding the preceding considerations, the Team believes that the vulnerable location of 
vital flight controls components and the hydraulic fluid reservoirs for all three hydraulic systems 
in the wheel well is a design concern. (See "Recommendations for FAA Action" Section 15. 
Recommendation ·1 0, ·11 ). 

c. Manufacturer and Repair Facility Visit· The Team visited various facilities and 
infonnally inspected the new and used condition of the systems and components that provide 
flight ,controL Trip reports on these yisits are contained in Appendix 7. Only significant 

·observations are included here. 

{1) Tramc:o Inc. The Teain members visited Tramco, Inc.,~ overhaul facility 
located in Everett, Washington, on December 7, 1994. Tramco is a FAR Part 14S ~epair Station 
that conducts regularly scheduled heavy maintenance checks on the B73 7 and other large 
transport category aircraft. The purpose of the visit was to look at inservice components, to 
observe the condition of the Parts and to familiarize the Team members with the actual aircraft 
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hardware. This trip prompted a number of additional questions for Boeing regarding the repair 
and maintenance of PCUs. · 

Observations 

(a) In accordance with Parts 121 and 145, the repair station only perfonns 
the maintenance requested by the aircraft operator, in accordance with their approved 
maintenance program. For this p~cular "D" check, the task cards did not require access 
to all parts of the airplane of particular interest to the Team, e.g., components under the 
cockpit floor. etc., which had latent or single failure potential. 

(b) The Team obtained valuable bands-on experience with aircraft 
components, both on and off the airplane, particularly aileron and standby rudder PCUs 
in the overhaul shop. 

(c) TRAMCO uses Fortner Engineering repaired or overhauled "lap 
assemblies" (servo and bypass valves) for aileron and rudder PCUs almost exclusively in 
the hydraulic component overhaul shop. 

(2) Parker Hannum Corporation Control Systems Division. A Team 
representative visited Parker Hanni.fin in Irvine, California, on Dcccm~r 16, 1994, to discuss 
various aspects of the B737 rudder PCU. The purpose of the visit was to better understand 
design details of the PCU, and to obtain more information about the service experience of the 
units. 

Observations 

(a) Valve-chip shearing forces (as low as 37 pounds for inservice units) 
on this actuator seem to be marginal. 

(b) There is no adequate means for testing the dual spool servo valve for 
proper operation on the airplane. 

(c) The dual spool servo valve is a complex assembly and is a critical 
component of the rudder and aileron power control units and, therefore, critical to flight 
safety. Any facility authorized by the FAA to perform repair and maintenance or 
manufacture this component must assure the FAA of having the necessary equipment. 
personnel and data (design, manufacture, qualification and acceptance test pro«dw-es), 
including access to the latest revisions to the data provided by the OEM. (See 
"Recommendations for FAA Action" Section lS. Recommendations -20, ·21, -22). 

. (3) Douglas Aircraft Company. Several members of the CDR Team visited 
Douglas Aircraft Company (DAC) in Long Beach, California. on December21, 1994. The 
purpose of the visit was to enhance the Team's knowledge of flight control design philosophies · 
of other aircraft manufacturers, in an effort to compare these with the design principles .used in 
the B737. 

-----------------~ 



Observations 

. (a) The earlier DAC airplanes employ direct cable-driven swface tabs as 
the primary c~ntrol mechanism for many of the flight control systems. 

(b) The airplanes that have a hydraulically powered rudder have built-in 
hardover protection with the use of split surfaces, or manual reversion via hydraulic 
power shut-off lever. Earlier airplanes use deflection limiting devices with airspeed 
inputs. Later airplanes use aerodynamic (blowdown) limiting. 

(c) After breakout, the resulting prolonged forces required to control the 
airplane after a jam in the lateral control· system are significantly lower than those of the 
8737. 

(d) The DAC minimum chip-shearing capability for hydraulic servo valves 
(100 pounds) is significantly higher than that of the 8737 rudder PCU servo valve 
(minimum 37 pounds inservice, and 39 pounds design). 

(e) DAChas more restrictive contaminated hydraulic fluid inspection 
requirements than those of the B737. 

(f) DAC pcrfonns flight tests of "rudder kicks" to determine structural 
strength issues; flight tests of rudder hardovers to determine lateral versus directional 
authority are not performed. 

(g) DAC employs a safety, reliability, and ergonomics group to perform 
hazard analysis on newer airplane models. 

(h) DAC's Failure Modes and Effects Analysis (FMEA) process is 
comprehensive and crosses engineering and operational disciplines. 

(i) In the DAC FMEA process for analyzing latent fail)Jres, DAC takes 
credit for the inspection interval of the identified failure, but does not make this 
inspection a Certification Maintenance Requirement.. 

( 4) Fortner Engineerin& and Manufacturing, Inc. On December 20, 1994, 
several CDR Team members, together with Los Angeles ACO and MIDO personnel. met with 
Bob, Bill, and Jim Fortner, principals in Fortner, at the FAA Los Angeles Aircraft Certification 
Office (LAACO). The Fortner finn is an authorized Repair Station wtder FAR Part 145 and 
repairs and overhauls aircraft hydraulic components of all types for primarily airline and other 
aircraft operator customers. They repair and/or overhaul 8737 power control units (PCUs) on 
aileron/elevators, and rudder Main Power Control Units and standby PCUs. Another yisit with 
Fortner was conducted on February 16,1995 at their facility in Glendale, Ca. Further details on 
Fortner's fabrication of the dual-spool valve were obtained. · 

Observation.-

(a) Fortner uses FAA-approved data (under SFAR 36 authorization) 
for overhaul and repair of Boeing hydraulic components, but neither this data nor 
their activities. are coordinated with, or authorized by, Boeing. 

------------------~ 



(b) Fortner stated it has been overhauling hydraulic comportents 
since the 1950s and enjoys the confidence of many ailiine companies. 

-

(5) HoneyweWSperry. A Team representative visited Honeywell/Sperry in 
Phoenix, Arizona, on December 16, 1994. The purpose of that trip was to review the 
HoneywelVSperry Yaw Damper design (Boeing Model No. 10-60447-18) used on Boeing Model 
737-300/-400/-500 airplanes, and to identify any issues associated with the design that may 
compromise safety. 

Observations 

(a) A 12-month accumulation of200 failed Yaw Damper units was 
reviewed by the group, in an effort to identify failure trends. Of the 200 failed units 
reviewed, 130 were due to rat~ gyro failures, and all of those were caused by damage 
to the rate gyro rotor bearings. Of the remaining 70 failures, 42 were confirmed as 
"No Fault Found," and the remaining 28 failures were considered "typical" (i.e., 
failed components, cold solder joints, etc.). The review suggests that the reason for 
the excessive frequency of rate gyro failures is due to a Boeing engine change. 
Boeing requested that Honeywell approve the existing Yaw Damper in the new 
vibration environment That new vibration environment was a direct result of the 
engine change, which is the principal difference between the model-200 and the-
300 aircraft. Honeywell has an action item to review those failures with Boeing. 

(b) There are a number of failure modes that could cause the Yaw Damper 
to command a rudder deflection to the limit of the Yaw Damper authority: 

~i) electrical shorts or ground, 

(ii) open feedback circuits and · 

(iii) a condition involving an intermittent connection to the 
transfer valve and an integration circuit in the coupler where the Yaw Damper could command 
the ~dder to deflect 30 for up to 120 seconds. Honeywell was not aware of this condition. 
Further investigation is being initiated by Honeywell. (See "Recommendations for FAA Action" 
Section 1 S. Recommendation -14). 

8. BOEING ".M" CAB SIMULATOR EXERCISF; CONDUCTED BY THE CDR TEAM: 
· The CDR Team conducted a simulator exercise in the Boeing "M" CAB simulator configured as 

a 8737-300 on November 17, 1994. The purpose ofthese tests was to detennine the degree of 
hazard a.Ssociated with a number of control system malfunctions. These malfunctions were 
selected without regard for their probability of occurrence or the FAR requirements.. A report 
documenting the results of these tests is presented as Appendix S. 

a. Failure Scenarios Inve$tigated • 

(1) Rudder/aileron trim runaways opposed by the autopilot. 



(2) Lateral versus directional control power including rudder "hardovers." 

(3) Flight with zero or one-half aileron/rudder feel force. 

( 4) Control through the aileron transfer mechanism with ailerons jammed at one
half to full deflection. 

(5) Flight with one or two flight spoilers stuck up on the same side. 

(6) Flight with the #2 slat retracted and flaps extended to 1, 5, 15, 25., and 40. 
This was then combined with a maximwn flap asymmetry between flaps 15 and 25. 

b. Results· · 

(1) Rudder/Aileron Trim Runaways. If the autopilot was disconnected "hands 
off" after a full displacement trim input, the aircraft rolled rapidly (13 to 22 degrees/sec at lower 
speeds and 30 to 44 degrees/sec at higher speeds). Prompt pilot reaction was required to prevent 
excessive (>60°) bank angles from developing. 

(2) Lateral Versus Directional Control Power Including Rudder "Hardovers.'' 
These tests basically confirmed Boeing's contention that lateral control has more roll authority 
than does the dihedral effect from full rudder inputs for flight conditions tested except the flaps 
1, .190 KIAS condition. For this condition lateral control also predominated, but recovery from a 
rudder "hard over" was slow and required precise pilot control of resulting pitch/airspeed. 
Prompt pilot response was required to prevent entering the inverted flight regime at high 
altitude/ speed. · 

(3) Flight With Zero Or One-Half Aileron/Rudder Feel Force. Failure of one 
spring (112 feel) in the feel and centering mechanism in either axis was judged to be difficult for 
a pilot to recognize in flight and potentially latent. Zero feel in the lateral axis was recognizable 
and control was not a problem. Zero rudder feel was recognizable and controllable but difficult 
due to lack of rudder centering. Pilot inputs resulted in conditions similar to partial or full rudder 
hardovers. · 

(4) Control With Spoilers Only After A Simulated Pilot's Side Body Cable Jam. 
With both ailerons jammed at the displacements tested, ( 10 to 20 degrees) flight with pilot input 
through the aileron transfer mechanism was extremely difficult due to the high forces necessary. 
Control of the aircraft could be regained, but long tenn.flight to a successful landing was 
questionable, due to pilot effort required and the onset of pilot fatigue. (See "Reconunendations 
for FAA Action" Section 15. Recommendation-S). 

(S) Flight With One ·ar Two Spoiler Panels Stuck Up On The Same Side. Roll 
control in these flight conditions was generally not a problem. The additional pilot workload 
factor was the loss of perfonnance due to increased drag, and the loss of lift once the malfunction 
was ·countered with. opposite wheel. The landing configuration (two spoilers stuck up) 
malfunction was flown to a landing and resulted ip a hard landing. 

(6) Flight With The No. 2 Slat Retracted And Flaps Extended, Including 
AsyiTUlletric Flaps. None of these malfunctions presented a control problem until the angle of 
attack was increased to near stall. ·Then a sharp roll-<>ff in the direction of the retracted slat 



occurred almost coincident with stick shaker activation. A normal stall recovery regained 
aircraft control. · 

9. SINGLE FAILURES (TABLES 1 AND 2): Subsequent to the review ofthe certification 
data and the simulator exercise, the Team identified a number of failure conditions (non-latent) 
in the lateral .and directional axes that were of particular concern. The failure conditions 
identified herein include the worst case consequence of the failure. any "associated" service 
history and recommended actions. The failure conditions identified in Tables 1 and 2 were not 
designed to be self-explanatory. No attempt was made in this report to explain the system details 
sufficiently so that the reader can fully understand the failure condition. The certification data 
provided to the Team by Boeing provides the details ·of each failure condition. Schematics for 
the ailer9n and rudder control system are provided on pages 1 S and 18 of this Section. 

The "associated" service history shown in Tables 1 and 2 under the colwnn labeled "ADs, SBs, 
SLs, ASRSs, NTSB REC., SDRs" includes all the references that the Team felt indicated that 
this type of failure could occur or had occurred. Some of the referenced documents are not 
directly related to the failure indicated in that row of the table. For example, if the failure is a 
cable break or jam, docwnents referring to a cable break or jam on a 8737 may be included even 
though the cable involved is different from the cable for which the row item was created. 

-

Many of the failures identified in Tables 1 and 2 may have a very low probability of occurrence. 
Further analysis will be necessary. to detennine their probability. However, because the CDR 
Team considered them to be not extremely improbable, they are presented as examples of failure 
conditions that require the use of the alternate means of controlling the aircraft in order to not be 
a hazardous condition as defmed in Section 4.b.(5) of this report. 

The tables are considered sufficient to indicate the potential for breaks, jams or malfunction. The 
objective of this section is to stress the importance of the alternate means of maintaining flight 
path control, to identify design or maintenance considerations to ensure availability and 
suitability of those alternate means, and to reduce the probability of the initiating failure. 

a. Single Failures, Alleron ·The failure mechanisms identified in Table 1 suggest there 
are a number of ways for a failure to result in a sustained aileron hardover. The significance of 
the aileron failure conditions resulting in a jam of the aileron is the importance of the alternate 
means for controlling the airplane. The designed alternative means is the aileron transfer 
mechanism. 

As was experienced in the "M" Cab exercise, flight path control through the aileron transfer 
mechanism may be very difficult due to the high wheel forces. It is believed that if a full aileron 
hardover was to be countered for any reasonable length of time, continued safe flight and landing 
in a 8737 would be very difficult (See "Recommendations For FAA Actio~" Section 15. 
Recommendation -8). 

Failure conditions associated with. the flight spoilers are~ also identified in Table 1. One or two 
panel failures (up) in the flight spoiler system did not produce a significant roll control problem 
as long as the rest of the lateral control system was operative. The significance of this failure is 



the performance loss wi,~ four panels up after balancing wheel input has been made in order to 
maintain wings level. Pilot awareness of the significant loss in performance is necessary to 

assure continued safe flight and landing. 

Also considered in Table 1, ItemS, were the speed brake/spoiler failw-e modes that could result 
in one or more spoilers up for takeoff (Ref. NTSB A93·13 3/134/135). The CDR Team believes 
that pilot training and/or Airplane Flight Manual or Operations Manual should emphasize the 
necessity for detennining spoiler position and not just speed brake handle position prior to 
takeoff. (See "Recommendations For FAA Action," Section 15. Recommendation ·19). 

® 
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b. Single Failures, Rudder· The consequence of the failure mechanisms identified in 
Table 2 are recognizable by the flightcrew. The failures suggest there are a number of ways 
where loss of rudder control and potential for a sustained rudder hardover may occur. More 
importantly. when considering some undetected (latent) failures like Table 4, Items 1 or 2C in 
the directional control system. in combination with some of the single failures identified in Table 
2. the potential for a sustained jam of the rudder at full deflection, as limited by blowdown. is 
increased. The Team has determined the requirement for full rudder is within the scope of 
nonnal operation. Since full rudder hardovers and/or jams are possible, the alternate means for 
control. the lateral control system. must be fully available and powerful enough to rapidly 
counter the rudder and prevent entrance into a hazardous flight condition. 

The requirement for full rudder may subsequently be shown to be limited, for example, to a 
specific phase of flight and time interval such as an engine failure on takeoff which has been 
shown to be an improbable event If no other requirement for full rudder exists in the other 
phases of flight, then the Team would accept that the capability of the lateral control system to 
count,er a pi1oHnduct:d full deflection jam could be shown at some lesser deflection not 
associated with an improbable failure condition. The requirement would still remain to show 
that an uncommaoded hardover could be countered with lateral control urtless this event can be 
shown to be extremely improbable in accordance with Section 15. Recommendation -9. 

The failure condition identified in Table 2.Item 3. has not been fully defined. The yaw damper 
mod piston and pilot input summing linkage are a vital part of the main rudder power control 
unit The interaction of the yaw damper and pilot input through the mod piston and the summing 
linkage with the dual spool servo valve is complex. It is this linkage that limits the force that the 
pilot can apply to shear an obstruction in the servo valve. Whether there is a failure mode of · 
this input/swnming mechanism that could result in a yaw damper authority of greater than 30 or 
could result in a servo valve open condition that produces a rudder hardover was not clearly 
established to the satisfaction of the team. (See "Recommendations for FAA Action" Section 15. 
Recommendation -12. -13). 

Failures identified in Items 7A and 7B of Table 2 are not of themselves "hazardous." However: 

(1) They may initiate a more hazardous event, either flight controls or flightcrew 
related. 

. (2) They tend to mask and/or confuse other flight control anomalies that may be 
. precursors or provide evidence of more hazardous failures. · 

Failures identified in Items 8 and 9 of Table 2 can be confusing to the flightcrew and could result 
in inappropriate flightcrew response. This is because the· crew's primary indicator of rudder . 
position is rudder pedal position, and these two failures cause displaced pedals and inoperative 
pedals. Flightcrew training in the recognition and proper response to these failures is 
recommended to assure continued safe flight and landing. (See "Recommendations For FAA 
Action," Section 15. Recommendation -19). 



The rotary valve input on the rudder standby actuator (Table 2, Item 6) produced by Dowty is 
fitted with a journal bearing arrangement.· The rotary input crank material is heat treated to 
4400C and a hardness Rc SS-59. This crank rotates in a stainless steel housing heat treated to Rc 
35~37. This combination of materials and limited clearance, operating without lubrication, or 
with only Skydrol lubrication after a recent modification, continues to result in minor galling of 
the two members, therefore the potential for jamming of the input to the rudder has not been 
totally eliminated. (See "Recommendations For FAA Action, .. Section 15. Recommendation-
15). 
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8737 SINGLE FAILURES· LATERAL- AILERONS aodlor SPOILERS DEFLECI'ED (see NOTE) TABLEt 

ITEM II COMPONENT PART FAILURE CONDITION FAILURE ADs. SBs, SLs. ASRSs. NTSB RECOMMENDATION(S) er 
NAME CONSEQUENCE(S) REC .. SDRs COMMENTS 

I Ally Component Between Any Component Jams flight Control Throogh AD--91-01-27, SB..,27-1033,- Reduce Transfer Mechanism Force 
Columns And .Rear Spar During a Larae Control Transfer Mechanism IIS4,-112S,-1164 Required. Ref. Sect. IS. Rec. -8, -19 
Aileron Quadrant o.- Spoiler Wheel Input Difficult Because Of High 

SDR• 880SI600032 Quadrant Wheel Forces 

2 Any Component From. Jams In Worst Case, Ailerons AD=88-07-04, SL• 27-S7,-16: Detcnnine if Protection for Flight 
Quadrant To The Feel And Could Jam at Full SO 27-1134, -I ISS Control Components in Wheel Well is 
Cc:nrering Unit Den"lion SDR• 91012SOOI·41 

RequimJ. Ref. Sttt. }j Rec. -10 . 

JA Aileron PCU Input Link. Jams Ailerons Could Go to Full Soft Cover Installed Evaluate Jam Potential and Eliminate as 
DcRec:tion 

SB • S2-1091 
Required- Ref. Item 2 Above 

38 Aileron PCU Spool V1lvc Doth Spools Jam (dual AilcronCould Go fo full SB ""29-1062, SL • 27-30, -71a lncorp SB 29-1062 Ref. Sect I .S. Rec. -4 
failure)- Potcati1l CJUsc Deflection if Jams are not SDR • S On PCU • l.cak$, 
Filter Bunt Cleared Heavy Forces 

4 Spoiler Mixer Internal Components Reduced Lateral Control - None None 
Become Jammed High Control force And 

tligh Drag 

5 Spoiler System Cables Break Loss of Pcrfonnance On AD- 91-01:27. sn - 27-1164, Develop uaining to ensure Oightcrcw 
Take.off ·I 125, -1011, NTSB Rec. aw~m~ess or failure condition. Ref. Sect. 

IA93-ll3,134,13~ • Charlotte 
Jnddcni SDR • Several Found, 

IS. Rec. -19 

890Sl00ll S -One Involved 
Cable Misrouting; Others 
Involved Cable Breaks 

6 Aileron Autopilot Engage Cam-Out Mechanism Fails a. Autopilot Hardovcr SL • 27-4 Develop training to ensure Oigbtcrcw 
Mcchlnism (-200 Only) Results In Full Deflection awareness of failure condition. Ref. Sect. 

Of Aileron (dual failure) IS. Rec. -19 

b. Aileron Jam 

7 Aileron Cables Cables Break (>r Jam Single Aileron Hardover NTSO Rec. A94-064,065,066 More Thorough Inspection Per NTSD 
A94..06.S Ref. Jrem 2 Above Ref. Sect 
IS.Rec. -23,-24 

--- ------

NOTE: Failure Consequences, column 4, are for worst case condition and are not necessarily uncontrollable and may be extremely improbable. 
Identified references in column S may not directly relate to the specific failure but are included because of similarity of components, materials, etc. The 
failure condition, column 3, is as defmcd by the Boeing certifiCation data provided to the CDR Team. 

19 
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8737 SINGLE FAILURES- DIRECTIONAL - RUDDER DEfU:cn:D (ste NOTE) TABL£1 

COMPONENT PART FAILURE CONDITION FAILURE CONSEQUENCE(S) ADs, SBs, SLs, ASRSs, NTSB RECOMMENDATION(S) 
·NAME REC.,SDRs AND/OR COMMENTS 

Comp From Pedals To Component Or Cable Bn:aks Or Loss Or Rudder Function When Needed None None 
Torque Tube AFT Disconftect · 

Comp Frum Pedals To Component Jams, Rudder Remains Pilot-lnduud Rudder Offset At Full AD- 93.01-27, sn- 27-112j, - Comply With ~rvice Bulletins. Iter .• 
Torque Tube in Last Commlllded· Position Deflection trComm~ndcd II.S4, -1164, -107.S Sect. ll. 

RudderMPCU linkage Becomes Jllll'lfOCd In · Uncommanded Rudder Deflection SB .. 27-1064 Tnin Flightcrcws ror Upset 
lnpuliFeedback linkage Other Th111 Neucn.l Position Mmeuvcrs. Rer.-Sect.I.S. Rc:c. -19 
J.ms 

Yaw Damper Internal Jam in Servo Valve Open Position Uncommandcd Rudder Deflection >3 Conduct Rudder PCU Tests to 
SumUnkage Degrees Determine Jammina Potential Rer. 

Sect. IS. Rcc. ·12, -13 

Rudder Torque Tube Torque Tube Jams, Rudder Pilot-Induced Rudder Offset At full Sl• 27-57, -16 None 
Remains in Lase Commanded Deflection arcommllldcd. 
Position 

Rltddcr MPCU Servo Jams With Improper Tolcnnc:es. or Uac:omDUIRdcd Rudder Displacement AD •110..07.02, 94-01-07; SL lnCRuc Chip She• Force 
Valve Bolh Spools J1m 27-13, ·12b, ~I. -SB .. 29-

Sect. I.S. Rec. -4 1062; SL 27-71A, NTSB- A· 
92111111201121 

Standby Rudder System IAput Liftb&e Or Valve Becomes Uncommandcd Rudder DeRc:ction (But SL- 29-1, NTSB • A-91-017 Redesi&n Input Cr.nk Bearing Sect. IS. 
Jamincd May Be Recoverable Via FceVCcnlcrin& RcC: ·1.5 

Unit And Pilot) 

Yaw Damper-couplet, Elcc~ Anomalic. or~ Qyro UJKC)IIUIW)dcd l dep Rudder ASRS - 3 Reports or v aw Reduce Failun: blo 
bu:ludiq RMc Gyro faiJuta Deflection (Study or Oscillatory) Damper Anomelies, SDR • 2S 

Ref. Sect. 7.c.(S) at~d 15. Rec. -14 
Reports • About SO % Due To 
Yaw Damper Coupler 

Yaw DarnpuTr8nlfcr Elcdrical/ Hydnulic Aaomalics Uncommanded 3 dearce Rudder ASRS • l Reports Of Yaw Rcduu Failure Rate 
Valve, LVDT lad. Deflection (Steady Of Oscillatory) Dampu Anomalies, SDR • 12 

Ref. ~cl 7.c.(S)and U . Rcc. -14 
Solc:aoi4 Valve n:ports, Improved version 

solenoid valve applicable lo rud 
PCU Spec No. 10-60181·1, -ll 

Rudder Bus Bar Rudder Bus a. Breaks Or Failure: Could Prod lice Confusina Rudder None Ai&htcrcw Awareness. Ref. Sect. 15. 
Becomes Sepatated Pedal Indications lc..Jin& To Pilot- Rec. -19 

l(lduud Unwanted Rudder Deflection 

Rudder Cables Cables Severed Due to Rotor Bunt Loss Of Ruddtt Funetioo When Needed None Ten Believes Sinale Cables Do Not · 
Minimize Hazard or Rotor Burst 
Rd.Scct I.S. Rec:. ·l 

~· .. 

NOTE: Failure Consequences column 4, are for worst case condition and are not necessarily uncontrollable and may be extremely improbable. 
Identified references in column S.may not directly relate to the specific failure but arc included because of similarity of components, materials, etc. The 
failure condition, tolumn l, is as defined by the Boeing certiftcation data provided to the CDR Team. · 
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10. LATENT FAILURES (TABLES 3 AND 4): The CDR Team identified a nmnber of latent 
failure conditions for both the lateral and directional axes. The failure conditions identified in 
Tables 3 and 4 were not designed to be self-explanatory._ No attempt is made in this report to 
explain the system details sufficiently for the reader to fully understand the failure condition. 
The certification data provided to the Team by Boeing provides the details of each failure 
condition. The tables are only provided to indicate those latent failures considered. 

a. LateraVDirectional System Latent Failures -The failure conditions identified herein 
include worst case consequence of the failure, any "associated" service history, and 
recommended actions. 

The "associated" service history shown in Tables 1 and 2 under the column labeled ''ADs, SBs, 
SLs, ASRSs, NTSB REC., SDRs" includes all the references that the Team felt indicated that 
this type of failure could occur or had occurred. Some of the referenced documents are not 
directly related to the failure indicated in that row of the table. For example, if the failure is a 
cable break or jam, documents referring to a cable break or jam on a B737 may be included even 
though the cable involved is diff~rent from the cable for which the row item was created. 

The T earn was not able to identify any latent failures that would result in a direct hazard. The 
latent failures, when combine4 with the next worst failure in the component or related system, 
did result in a hazardous condition as defined in Section 4.b.(5). Because of the potential for 
ha:mrdous condition, the Team believed that it was necessary to establish a means to determine if 
the latent failure had occurred. The Team reviewed the MPD, MRB, and some operator 
programs for the kinds of inspection tasks and intervals recommended regarding this 
detennination. It appears no standard was applied when the frequency of inspection was 
determined for the identified failed components. In some cases there is no inspection task, or the 
task. is not sufficient to reveal the latent failure. (See "Maintenance Issues," Section 11.) 

b. Latent Failures in Control Valves • The Team has some general concerns regarding 
the design of the aileron and rudder PCUs, specifically, the use of the dual spool servo valves, 
bypass valve function, and potentials for jamming as a latent condition of the PCU. 

As qualified by Boeing, the rudder PCU dual concentric valve (Table~. Item 2C) was intended 
to prevent unacceptable rudder deflection after a single slide jam. In the worst case single jam, 
the dual concentric valve will counteract the jammed open slide and allow aerodynamic loads to 
trail the rudder in a minimally 'deflected position. In the best case single jam, the dual concentric 

. design provides full rudder capability available at 112 the maxim~ rate. The dual concentric 
arrangement does play a vital part in maintaining flight safety. (See "Recommendations For FAA 
Action," Section 15. Recommendation -20,-21, .. 22). Consequently, the crew should 'be assured 
that they have a properly operating valve assembly. (See ''Recommendations For FM Action," 
Section 1 5. Recommendation -16, -17). 



-. -··· - · ""' 

In addition. the requirement to periodically cycle the standby rudder actuator with the standby 
hydraulic system activated should be reviewed. Considering the importance of the standby 
system. in particular the standby rudder ·pcu. periodic cycling of the system is necessary to 
ensure proper operation of the actuator, to flush any cont.a.rninants (chemical or particulates) from 
the actuator, to prevent corrosion and binding, and to lubricate the seals. (See 
"Recommendations For FAA Action," Section 15. Recommendation -16, -17, -18). 



LATENT FAILURES. LATERAL- AILERONS and/or SPOILERS DEFLECfED (see NOTE) TABLEl 

ITEM II COMPONENT FAILURE FAILURE CONSEQUENCE(S)AFTER ADs, SBs, SLs, ASRSs. CURRENT RECOMMENDATION(S) AND 
PART NAME CONDITION SECOND FAILURE NTSB REC., SDRJ MAINT. REFERENCES 

ACTIONS 

I Aileron Transfer Mecfwlism Jams If There Is~ J!llfl On The Pilot's Side And so 27-1<011 Measure fOJc~ l11cr. Jnsp«:tion frequency . Ref. 
Mechanism The Tnnsfcr Mechanism Also Jams, AtComrol Sec. I S.Rec. -16,-17, -18 

Lateral CoRtrol Of Airplane Is Lost. Wheel; 7C 

2 Spring Cartridge Jams If There Is A Jam On The Pilot's Side And. None Function Check; fncr. Inspection Frequency . Ref. 
The: Spring Cll1ridge Is AlsoJammed, 7C Sect IS Rcc. -16,-11,-18 
Laleral Control Is Lost. 

I 

3 SPoiler Cables Cables or Would Not Have Spoil.ers Available For SB 27·1112, Sl29-37, Visual Inspection Ref. Sect. IS. Rcc. -16, ~ 17, 
and Actuatiag Actuator Fail Lateral Control When Needed Aller SOR 910111000%, At lA . 
Mechanism Another Failure. 40091700100, 

89052200019 

.. Racio Chanp Rod Fails Or When Combined Wilh A Jam On Pilot's None Visual Inspection Ref. Sect. IS. Rcc.-16, -l7 
Inpul Rod Jams Side. Copilot Cannot Move The Spoilers • And Lube At IC 

Lattdl Control Is lost. 

5 Aileron Force Force Limiter Whca Combined Wilh Aileron Autopilot SL27-46 None Develop Inspection Task and Interval. 
Limiter Fails Hardover Could Become A Full Aileron 

SOR ... 87652900028 
Ref. Sect. IS. Rcc. ·16, -17 

Deflection Hardovcr. 

6A Aileron PCU Spring Fails If Valve Fails In Prcss.-On Condition, AD 80-01·02, SL 29-<46, - Gross Leakage Leakage Check May Not be 
By-Pass Valve Valve Jams Manual Reversion Control Force I ncr. 5, -17,-SB 29-1062 Check At lC. Adequate. Ref. Sec&. IS. Rcc. ·16, -17 

Press. Off failure Results in loss of 
Function of One Actuator. 

6B Aileron PCU Blocked Valve Reduced PCU Rate Capability SL 27-10, -71A Gross Leakage Leakage Check May Not be 

Actuator Orifice Check AtJC. Adequate. Ref. Sect. IS. Rcc. -16,-17 . 

6C Spool Valve Spool Jams A Single Spool lam Is Latent; The Next SL 27-10, ·71A Gross Leakage Leakage Check May Not be 
Jam Could Cause An Uncommanded Check AtlC. Adequate. Ref. Sect. I S. Rec. -16, -17 
Aileron Deflection. 

1 Aileron Feel &. Spring Fails If The Second Spring Fails, Zero F~l SB 27-1114, -11~5 IC Ref. Sect. IS. Rec. -16, ·17 
Centerin& Unit. Forces Could Cause A Pilot-Induced 

Upset. Broken Spring (Non lalenl) Could 
AIIO Jun The Unit. 

NOTE: Identified latent failure$ have no hazardous effect unless combined with a second failUTC condition. Identified references in column S may not directly relate to the specific 
failure but are included because of similarity of compOnents, mt~rerials, etc. 

~ . 
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0737 LATENT FAILURES- DIRECflONAL- RUDDER DEFLECTED (see NOTE) 'TABLE_. 

ITEM tl COMI'ONENT FAILURE F.AJLURE CONSEQUENCE(S) ADs, SBs, SLs, ASRSs. CURRENT RECOMMENDATION(S) AND 
rARTNAME CONDITION AFI'ER SECOND FAILURE NTSP REC., SORJ MAINT. REFERENCES 

ACTIONS 

I Feel And Centerin& Spring Fails If Second feet Spring Fails Pilot SLs • 27-S7 And 27-24 Some tC- Visual Implement Trainin& To EKposc Pilots to 
Unit May Induce Large Rudder SORs Indicate Thll Some In sped Consequence of Failure Ref. Sect. IS Rcc. 

Deflection Due To No Feel and Pilots Identify This Failure. ·19 I 

Centerin& 
I 

2A PCU -Bypass Valve Iuns If Fail When Ocactivc Thm No AD • 94-01..07 (Sl. • 27-91, Gross Leakage Component leabge Check 
Valves Force From Its Hyd. System. 27-82, 27-83) Check at JC 

(requires boltoming actuator) 
I 

Ref. Sect. IS. Rcc. -16, ·17 

28 PCU-Tandem Blocked Preu. Lose Effort Of Related Hyd Sys. SB 27-1060, Gross Leakage Chec:k actuator function independent with 
Aduator PllbOn One Check at lC A & 8 Hyd. Sys. 

Sys. 
Ref.Scct.lS. Rcc. ·16, ·17 

lC PCU -SpooJ Single Spool Jam Next Spool Jun Or Out Of AD• 94-01-07 (SL • 27-91, Gross Leakage Component Leak Check 
. Valves Or Sccond.ly T olcnace Spool Produces 27-82. 27-83) Chc:dc atJC 

Ref. Sccc.IS. Rcc:. -16,-17 Develop ched: Slide Ovcrtravcl Unwanted Rudder Detlection 
for single jam. · 

lA Stdby Rudder PCU Bypass Valve No Stdby Rudder Available AD- 80.07-02, SL • 29·8, IC- Opcrafional Increase Chcclc Frequency Ref. SccL U. I 

Fail In Bypass, NTSB • A91-71 Check Rcc. -16, -17. -18 
Sa-Yo Valve 
llmmed, 
Linkage 
Disconnect 

]8 Stdby Rudder Shutoff Valve Fail on: Next Failure Pump On. SL"' 29-8 IC- Operational Increase: Check Frequency Ref. Sect. IS. 
Shutoff Valve Fails Rcsullln Greater Rudder Check Rcc. -16, -17 
lncludina Auto DellccUon Cap~~bility When In 

I 
Stdby Function Blow Down Region. Fail-Off: No 

Stdby When Required I 
JC Stdby System rump Pump Fails No Stdby Rudder Available SL = 29-8 IC· Increase: Check frequency, Ref. Sccl. IS. 

Operational 
Rec. -16, -17 

I 

Check I 

. - · '-

NOTE: Identified latent failures have no hazardous effect unless combined with a second failure conditi<ln. Identified references in column 5 may not directly relate to the specific 
failure but arc included because of similariry of components, materjals, elc. 

~ 
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11. 'MAINTENANCE: 

. a. Maintenance ReYiew Board and Maintenance Planning Document· The Team 
reviewed the inspection intervals and related maintenance tasks for each identified latent failure 
mode. The Maintenance Review Board Report (MRB) approved by the FAA and the 
Maintenance Planning Docwnent (MPD) developed by Boeing, were used as the primary 
references in the review. These documents are used by operators and the FAA in development 
and approval of an initial maintenance program. The Team also met with the FAA MRB 
Chairman to discuss the history of the 8737 MRB. 

The MRB outlines the initial minimum maintenance and inspection requirements established 
jointly by the manufacturer, operators, and the FAA. The MRB document was originally 
released in 1967 and revised in 1971. The MRB document was revised again in 1983, concurrent 
with the introduction of the 8737-300, but no changes were made to equipment common to the 
8737-100/-200. The current Revision 5 was released in December 1993. 

The ?v!PD supports the MRB and provides the manufacturer's maintenance recommendations. 
There are two versions of the 737 MPD to address the -100/-200 models and the derivative -300/· 
400/-500 models, respectively. ~e Boeing document identification and revision status are D6· 
17594, Rev. P, for the ·1 00/-200, and 06-38278, Rev. R, for the derivative models. The ·1 00/-
200 models MPD is no longer amended. 

The original MRB and MPD did not use any formal analysis for the development of the 
inspection intervals, processes, or tasks. There are two formal methods in use today which were 
developed by the Airline Transport Association (ATA) and the FAA referred to as Maintenance 
Steering Group (MSG) logic 2 and 3. (See "Recommendations For FM Action," Section 15. 
Recommendation -16, -17, -18). 

When applied to a particular aircraft type, the MSG-2 logic results in a list of "maintenance 
significant items." Each of these items is assigned one or more of the three processes defined 
below: 

(1) On-Condition (OC) is a preventative process that requires a component or 
part to be periodically inspected or checked against some standard to ensure that it can remain in 
service. 

(2) Hard Time (HT) is a·. preventative process that requires a component or part 
be removed from service for overhaul or disposal. 

(3) Condition Monitoring (CM) is not a preventative process and allows for. 
· failures to occur. It relies upon analysis of operating experience and failure trends to identify 
corrective action that would preclude continued unsatisfactory performance of a system or part 
This process can only be applied to those items which have no direct adverse affect on safety and 
have no hidden functions (when malfunctions would not be evident to the flightcrew). · 



MSG-3 logic results in a maintenance progi"am consisting of tasks under specific headings. It 
. does not use any of the MSG-2 processes (OC, HT, or CM). Boeing conducted an independent 
analysis using MSG-2 to support the introduction of Condition Monitoring in Rev. B (1975) to 
the rv!PD. Later revisions to the MPD that incorporated the -300/-400/-500 models utilized both 
the MSG-2 and MSG-3 procedures. MSG-2 analysis was used for components or systems 
peculiar to the 8737-300/-400/-500 and MSG-3 analysis was used for the engines and new 
structures. . · 

The 1\tfR.B Report is not revised every time the MPD is· revised. ·In fact. the MRB has not been 
revised for those items that are common to all B737.models since the 1971 revision. The later 
revisions that incorporated the -300/-400/-500 models only. incorporated those MPD tasks and 
intervals that were developed under MSG-2 and MSG-3 for those components, systems, engines, 
and structures which are peculiar to the derivative models with respect to the -100/-200. 
Therefore, the lvtRB is out of date regarding many, if not most, of the components on the B 73 7. 
New operators normally request that they be permitted to use some fairly recent version of the 
MPD that is compatible with the modification status of their aircraft as a starting point for their 
maintenance program rather than using the MRB. 

Inspection intervals used in the MRB and MPD are commonly referred to as "letter checks•• and 
they correspond to aircraft utilization in either hours or cycles. The current intervals are 200 
hours for A checks and 3200 hours for C checks. Originally, Band D checks were also 
specified, but these checks and their tasks are now uicluded as multiples of the A and C intervals. 
For example, D checks are now identified with 7C intervals which corresponds to 22,400 hours 
as opposed to 9000 hours when the MRB was originally approved. See .. Recommendations For 
FAA Action,11 Section 15 .. Recommendation -16, -17 regarding the concern for escalating 
inspection intervals in consideration of the criticality of the latent failure. 

b. Maintenance Issues Pertaining to Latent Failures- The following tables identify 
the latent failures and related MPD maintenance tasks with inspection intervals. Also included is 
the maintenance action for each failure. MRB items are not shown because they do not address 
all components of the current aircraft and are frequently out-of-date, as explained above. 



FAILURE 

Feel And 
Centering 
Unit 

Rudder 
PCU 
(Includes 
Spool 
Valve, 
Actuator, 
And By-
Pass Valve) 

Standby 
PCU 

SWldby 
Rudder 
System 
(Including 
Pwnp And 
Valve) 

... .... ~ --· - ···---- ·---·· ··· -- ·· .. ·- ·· . .. --· ... -

DIRECTIONAL LATENT FAILURES- MAINTENANCE 
ACITONSIFREQUENCY 

MPD MPD MAINTENANCE ACI'IONS/COMMENTS 
FREQ. TASK 

lC 827-21- Visually Inspect For Condition And Security./ May Not Be Latent 
00A4 Because 112 Pedal Force May Be Detected. 

3C 829-00- Some Failure Modes Are Not Detectable By The Internal Leakage 
006A Test. I May Not Detect High Internal Leakage Because Test Does 

Not Isolate Components. (See "Recommendations For FAA 
Action," Section 15. Recommendation -16, -17). 

3C 829-00- Internal Leakage Test Of Hydraulic Systems./ Would Detect High 
006A Internal Leakage Because Test Does Isolate Components. 

lC 827-21- Operational Check Of The System./ This'Includes Moving The 
84-2A Rudder. 



FAILURE 

Aileron 
Transfer 
Mech. 

Aileron Spring 
Cartridge 

Aileron Feel 
And Centering 
Unit 

Aileron Bus 
Drive Cables 
(Right Hand 
Body) 

Aileron PCU 

Spoiler Cables 
and Actuators 

~tio Changer 
Input Rod 

Aileron Force 
Limiter 

LATERALLATENTFAILURES·N.UUNTENANCE 
ACfiONSIFREQUENCY 

MPD MPDTASK MAINTENANCE ACTIONS/COMMENTS 
FREQ 

7C B27-ll-OSB Functional Check J Measure Forces at Control 'Wheel. 

lC B27-00-00-D Visually Inspect For Conditions and Security./ Functioned In 
And 827-11-058 Conjunction With Aileron Transfer Mechanism 
7C 

lC 827-00-00·D Visual Inspection For Condition And Security. / May Not Be 
Latent Because 112 Forces At Control Wheel May Be Detected. 

3C B20-20·31 Inspect For Condition. Clean And Lube. I May Not Be Latent 
Because Wheel Offset May Be Detected By Flightcrew. 

3C B29-00-00-6A Internal Leakage Test ofHydraulic Systems. I Some Failure 
Modes Not Detectable By Internal Leakage Test May Not 
Detect High Internal Leakage Because Test Does Not Isolate 
Components. (Sec "Recommendations For FAA Action," 
Section 15. Recommendation ·16, ·17). 

lA B27-60-00A . Visually Inspect Spoilers And Actuating Mechanism At Wing 
853-14-00-A Location and Check Wheel Well For Condition And Security 

Including Cables. I None. 

lD B27-00-00D Visually Inspect For Condition And Security. I None. 

None None None. / Possible Failure Modes Could Allow An Autopilot 
Hardover To Be A Full Deflection Hardover. (See 
"Recommendations For FAA Action." Section 15. 
Recommendation -16, -17). 



c. Discussion of Table Items-

(1) Some of the task intervals are excessive, particularly in the hidden function 
alternate systems such as the standby rudder, aileron transfer mechanism, and aileron spring 
cartridge. The relationship between task intervals and exposure to latent failures is unclear. 

(2) Although the MRB and MPD do specify tasks that could identify latent 
failures, nothing prevents task interval escalation or possible deletion by operators based on their 
particular experience, reliability, and local FAA approval. 

(3) The MRB originally Hard-Timed the PCUs at 12,000 hours and subsequently 
allowed "On-Condition." The MRB (Rev. 2;1971) specifically made reference to the 
accomplishment of an internal leakage flow check. It also made reference to the component 
leakage rate which is no longer accomplished, as the MPD task is now a gross internal leakage 
test. The gross internal leakage test would not detect all latent failure modes within the PCU 
and, in some cases, may not detect excessive leakage rates. (See "Recommendations For FAA 
Action," Section 15. Recommendation -16,-17, -18). 

d. United States Air Force (USAF) Maintenance Philosophy- Maintenance practices 
in the USAF are -driven by regulation. Each Major Command (MAlCOM) is responsible for 
setting up a maintenance program which meets the minimum requirements. A typical 
maintenance organization includes: Quality Assurance, Safety, Maintenance Operations Center, 
Flight Line Maintenance, Inspection Section, Field Maintenance (e.g., airframe, powerplant, 
hydraulic and electric shops, etc.) and A vionicsllnstrument sections. 

Phase inspections are equivalent to a C check·and Programmed Depot Maintenance toaD check. 
Special inspections are typically driven by Time Compliance Technical Orders (TCTO) and can 
be one time or repetitive in nature. Air Force aircraft that are· common to commerciall operators, 
comply with FAA A.D.'s through the TCTO program. Compliance with Service Bulletins is 
driven by the Quality Assurance office at the unit level. 

Following a review of the USAF T -43 maintenance program and practice, it was established that 
flight controls are given particular attention daily by accomplishing complete flight control and 
standby system checks with a ground observer present. This practice is also true for all transports 
operated by USAF. . 

12. HYDRAULIC FLUID CONTAMINATION: The Boeing material specification that 
defines the hydraulic fluid used in the 8737 hydraulic power control systems is BMS 3-11. The 
currently recommended formulation of this fluid is Type IV Class 1 or 2 (SAE particulate 
contamination method NAS 1638- fowteen classifications starting with 00 as the least 
con~inated). The: Type IV fluid contains additives to prevent the erosion of hydraulic valving 
components that was evident in fluids of the earlier specification. This fluid is ctirrently used in 
aH the Boeing commercial aircraft as well as in commercial aircraft of other manufacturers. 

a. Hydraulic Fluid Manufacturers- Manufacturers of hydraulic fluids are Monsanto 
(Skydrol LD-4 and Skydrol 50084) and Chevron (Hyjet IV A Plus). Significant performance 



degradation and component damage can occur if the hydraulic fluid chemical properties arc not 
maintained. The hydraulics section of the Maintenance Manual provides inservice limits of the 

· chemical properties. Boeing does not require/recommend control of the particulate matter in the 
aircraft inservice hydraulic systems, but limits particulates through filtration. Boeing does 
ensure that the particulate count in the hydraulic systems of newly delivered aircraft meets the 
cleanliness requirement ofNAS 1638 Class 9. Douglas Aircraft controls all in-house aircraft 
hydraulic fluid system to a particulate level of Class 8. 

b. Filters Size - The hydraulic systems and components in the 873 7 contain a suitable 
number of filters. They are located and sized to ensure particulate control. The pressure and 
return filters are equipped ~th elements rated at 15 micron absolute. The return filters are 
equipped with differential pressure indicators to provide visual indication of impending filter by
pass. The case drain line filters are rated as 25 micron absolute. The ground servicing module 
on the airplane is equipped with a 15 micron filter to ensure filtered fluid when the systems are 
serviced by a ground cart. A 3.0 micron filter is included in the reservoir fill circuit In addition, 
a 15 micron filter is included in the power transfer unit. 

c. Filter Replacement - Boeing has established the following replacement intervals for 
the filter elements: 

A & B Hyd. Systems Interval Standby Hyd. System Interval 

EMP & EDP Pressure lC Pressure Filter lC 
Filters 

Return Filters SA Case Drain Filter lC 

EMP Case Drain Filters 3A 

EDP Case Drain Filters 8A 

Gnd Service Filters 2C 

Power Transfer Unit Filter lC 

Reservoir Fill Filter 1 C 

The individual power control units are also provided with particle filtration at the pressure inlet 
with additional filtering provided for the fluid supplied to the yaw damper or auto pilot electro
hydraulic servo valves. Filter ratings vary depending on the particu!ar unit and application. The 
filter units are customarily cleaned and replaced at component overhaul. · 
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d. Fluid Sampling- Boeing does not have a general fluid sampling schedule but 
recommends that the operator and the fluid manufacturer determine fluid sampling intervals. 
Boeing's position is that the airlines and fluid manufacturers are in the best position to detennine 
the fluid sampling intervals for a particular operator, given the operating environment. Both 
Monsanto and Chevron offer no-charge fluid analysis to the airlines. In contrast, Douglas 
Aircraft reconunends specific hydraulic fluid sampling intervals for their aircraft Douglas 
Aircraft maintenance manual limitations for particulates are per NAS 1638 Class 9. See 
"Rec,omrnendations For FAA Action," Section 15. Recommendation -4, regarding 
standardization of hydraulic fluid sampling and contamination levels. 

e. Fluid Recycling - Boeing Service Letter 73 7 -SL-29-50, dated January 10, 1991, 
discusses and authorizes a "Pall Land and Marine" purifier to recycle the BM 3-11 hydraulic 
fluid to remove water, air, and chlorinated solvents. It uses a vacuum and moderate heating, and 
will not degrade or remove the special additives in Type IV fluid formulations. · 

13. AUTOPILOT: The B737 autopilot examination was limited in scope to the lateral and 
yaw axes. The pitch axis was not considered, as explained in Section 4. 

A brief review ofthe autopilots used on the various 8737 models was conducted. Particular 
attention was given to failure modes. The roll and yaw autopilot authority is limited by the 
primary flight control system, and all autopilot "hardover" failures are contained by the limiting 
devices in the primary flight control system. The Team has concluded that an autopilot 
malfunction is not a hazardous occl:IITence, and could not be a primary cause for loss of control 
ofthe aircraft without a failure of the mechanical/hydraulic limiting devices. Two ofthese 
limiting devices have been identified by the Team as having potential failure modes that could be 
"hazardous" and are discussed as follows: 

a. Aileron Force Limiter- The aileron force limiter (Ref. Table 3, Item 6) is required to 
function to limit the severity of an autopilot malfunction that results in a "hardover" signal to the 
aileron PCU transfer valve (-100/-200) or one of the two autopilot actuators (-300/-400/-500). 
This limiter is a mechanical device, at the base of the pilot's control colwnn, that ramps up an 
additional force opposing autopilot control input that feeds back to the control wheel. On the • 
100/-200, this device limits lateral control input from the autopilot to either 17° or 24° of control 
wheel rotation. depending on whether the aircraft is Civil Aviation Authority (Great Britain) 
certified or FAA ce.rtified, respectively. On the -300/-400/-500, a similar device has a dual mode 

· capability that is switched electrically by the flap position. This limits the autopilot authority to 
17° of wheel, flaps up, and 25° of wheel, flaps down. 

Boeing performed a failure analysis of the force limiter for the -300 certification which showed a 
probability of failure of the force limiter that would allow greater than 17°/25° authority of 
2. Ox 1 o-6. When combined with the probability of a hard over corrunand occurring, which was 
estimated to be 5.4xlo-S and a detection probability of 0.5, this produced a probability of 
5.4xto-ll that a single channel roll hardover with excessive authority would occur. While this 



probability is very remote, it is dependent on the function of many components in the force 
limiter. As shown in the Lateral Latent Failures Table in Section 11, the aileron force limiter 
presently has no required or recommended maintenance inspections or tasks. The Team believes 
that inspection tasks and intervals should be established for vital components whose latent failure 
could have hazardous consequences, even though a failure analysis has shown a numerical 
probability of failure that allows the component to go uninspected for the life of the airplane or 
until an "on-condition" overhaul. (See "Reconunendations For FAA Action," Section 15. 
Recommendation -16, -17, -18), regarding inspection intervals and tasks for identified latent 
failures.) 

b. Autopilot Force Limiter - The autopilot fo,rce limiter functions to limit the autopilot 
authority through a "cam-out" mechanism that disengages the autopilot servo(s) input on the-
300/-400/-500, and releases the main servo valve so that it cancels the transfer valve (autopilot) 
input on the -100/-200. This same mechanism allows the pilot to overpower the autopilot 
Protection from jamming of this "cam-out,. device is provided by a shear-out device on the -300/-
400/-500. No such. protection is provided on the -100/-200. 

Failure of this engage/cam-out device in the aileron PCUs on the -100/-200 to release or 
disengage could result in either an autopilot induced full deflection hardover (with a hardover 
electrical signal) or inability of the pilot to make control wheel inputs to the PCU. The pilot 
could alleviate a "hardover" by disengaging the autopilot with the control wheel disoonnect 
switch. However, he still would be unable to make control wheel inputs to the PCUs (they 
would be locked in the neutral position). The crew's alternatives would be to control the airplane 
from the copilot's wheel via spoilers through the transfer mechanism, or to tum off both "A" and 
"B" hydraulics and utilize manual reversion. If no autopilot electrical anomaly (e.g., hardover) 
had occurred and only the engage/cam-out device had failed to disengage, the airplane could be 
flown utilizing the autopilot. 

Because of the crew choices and possible confusing natw'e of this failure scenario, the Team 
believes it is a crew training issue. (See "Recommendations For FAA Action,,. Section 15. 
Recommendation -19). Also, this is one example of a frequently occurring issue in the original 
Boeing certification data where an action item resulting from the analysis was not carried 
through to either the Airplane Flight Manual (AFM) or the Operations Manual. Consequently, 
the flightcrew is not informed of all of the factors necessary to make the best decisions necessary 
to contmue safe flight and ·landing. (See "Reconunendations For FAA Action," Section 15. 
Recommendation -5, -6, -7). 

14. ICING: Loss of control of the aircraft due to airframe ice contamination was not 
investigated by the CDR Team. The reports of all the accidents or incidents that precipitated the 
review did not indicate that icing conditions were prevalent or suspected of being involved. The 
Team did identify and evaluate several incidents of freezing of the control mechanisms (i.e., trim, 
feel, and centering) or complete aileron system. The trim (Ref. App. 4, .SB 27-1053, SL 27·16 
·and 27-48) and feel and centering units (Ref. SL 27-24 and 27-57) freezing incidents were 
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relatively minor. The incident when there was a complete freezing of the aileron system was due 
to the accumulation of rain while the airplane was on growtd. The rain then froze as the airplane 
climbed to altirude. When the aircraft retumed to warmer temperatures the situation was 
alleviated. None of the incidents reviewed by the Team involved icing while airborne. 

15. RECOM:MENDATIONS FOR FAA ACfiON: As a result ofhaving conducted the 8737 
flight control system critical design review, the Team believes there are a number of Action 
items that should be addressed by the Seattle Aircraft Certification Office (SACO), the 
Transport Airplane Directorate Standards Staff (TSS), Aircraft Engin.eering Division (AIR-I 00) 
or Flight Standards Service (AFS) as may be appropriate to any particular or all models of the 
B737. Prior to the completion of any plans for implementation of these recommendations, the 
CDR Team will assist the affected FAA offices regarding any required clarification of the intent 
behind each recommendation. Also, the CDR Team will review specific actions undertaken in 
response to these recommendations to ensure that they are what was intended and that final 
action satisfies the recommendations. The recommendations and FAA action include regulatory 
interpretive material, certification processes, design features, and continued operational safety 
issues. 



REGULATORY INTERPRETIVE MATERIAL 

F A.R § 25.671 refers to "nonnal flight envelope, .. "exceptional piloting skill and strength." and 
"control position nonnally encountered" regarding jams in a flight control surface. The CDR 
Team believes the interpretations that have been applied in the past, regarding amount of flight 
control input to be considered in showing compliance with the referenced regulations, may not 
be sufficient. Section 5.b. discusses the rationale for the following recommendation:: 

Team recommends that TSS: 

[!RECOMMENDATION -111 

IIRECOMMENDATION -211 

develop national policy and or rule making as necessary 
and applicable to transport category airplanes that defines 
"normal," with respect to jams. This definition should 
include consideration of a jam of a control surf' ace at any 
position up to its full deflection as limited by design, and 

develop national policy requiring that, when alternate 
means for flying an airplane are employed, those means 
shaU not require exceptional pilo·t skill and strength and 
that the pilot can endure the forces for a sufficient period 
of time to ensure a safe landing. 

Because both primary and standby elements of the directional control system are exercised 
through only one set of cables, the only alternate means for rudder control after a cable failure is 
rudde.r trim. Assuming a rotor burst severs the rudder cables during a critical phase of flight, the 
Team believes rudder trim is not a suitable alternative for directional control after such an event. 
Also the Team believes. based on its engineering judgment, that a single set of cables does not 
constitute minimization of the hazard after a rotor burst in accordance with F A.R § 25.903 
Amendment 25-73. It is understood that the certification basis of the 8737-100/-200 did not 
include this requirement because it did not exist at the time. The 8737-300/-400/-500 did show 
compliance to the referenced rule, but used earlier policy that allowed a probabilistic analysis 
including event exposure time. 

The CDR Team recommends that TSS: 
formally establish the transport category airplane 

II RECO~ENDATION ·311 ~equirement for redundancy in the directiooal 
. · ·. control system to maintain control in the event of a rotor . 

bunt for the most critical phase of flight. Determine . . 
whether or not this requirement should be applied to 
new type certificate appli~ations, derivative applications 
or aircraft in production. 



The sensitivity of hydraulic components (including actuators and their controlling ~lernents) to 
chemical or particulate contamination has not been fully established. Section 12 provides the 
rntionale for the following recommendation: 

The CDR Team recommends that TSS: 

IIRECOl\'IMENDATION -4 II 
develop national policy for transport category airplanes 
requiring the de_termination of critical hydraulic flight 
control system and component sensitivity (jam potential 
and actuator performance) to contamination, 
requirements for sampling hydraulic fluid, and 
requirements for actuator components to eliminate or pass 
(shear) particulate contamination. 

CERTIFICATION PROCESS 

Following the review of the certification data for the B737 flight control system, the Team 
·determined that there needs to be a review of the failure analysis action items (flightcrew actions 
that should be taken in response to a failure or failure scenario). Some action items are 
impractical, and the methods for their implementation are unclear. One of the reasons for 
accepting some failure analysis is that there is an action item that alleviates the hazard of the 
failure. Section 13.b. provides an example of this issue and discusses the rationale for the 
following recommendation: · 

The CDR Team recommends that TSS: 

IIRECOMl\1ENDATION .. s II 

IIRECOMMENDATION -61 

IIRECOMMENDATION ·711 

develop and provide additional guidance in AC 1309-lA 
confirming that transport category airplane failure analysis 
action items are required flightcrew procedures in response 
to the failure condition, 

require the action items be practical and 

establish process in cooperation with AFS to require 
tlightcrew action items be implemented or require revision 
of failure analysis to not require action item. 



DESIGN ISSUES 

The Team found through familiarization with design, review of the certification data, and the 
experience in the "M" Cab simulator exercise that, in the event of a full aileron jam, the aileron 
.transfer mechanism force level, as would be exhibited in the airplane, substantially exceeds the 
temporary and prolonged force limits of FAR§ 25.143. Consequently, there is no assurance of 
continued safe flight and landing in the event of an aileron jam when deflected at greater than 
neutral. Section 5.b. discusses the basis for assuming the jam of the aileron at its full deflection 
in suppOrt of the following recommendation: 

Team recommends that SACO: 

llRECOMMENDATION -811 
review tbe adequacy of the 8737 aileron transfer 
mechanism throughout the airplane operating envelope 
in the event of a sustained jam o( tbe ailerons up to their 
limit deflection. Pilot skill and strength requirements 
should be consistent with the results of 
RECOMMENDATION ·2. Control margins from this 
condition should be sufficient to allow continued safe 
flight and landing, including necessary maneuvers such 
as a crosswind landing or go-around. 

As presented in Section 9 and 10. there are potential single failures and combinations oflatent 
and single failures that can cause a hardover or jam of the rudder at its limit deflection. The 
al~emate means of directional control in the event of these_ failures is the lateral control system. 

CDR Team recommends that SACO: 
ensure that the capability of th.e B737 lat~ral control II RECOMMENDATION -9JJ system to provide adequate directional control is clearly 
demonstrated throughout tbe airplane operating 
envelope after these failures, unless they are shown to 
be extremely improbable by the most rigorous 
methodology available. 

NOTE; The failure aaalys~ 'ritcria pre;,cntcd in tbe Juac, 1994, Criteria 
Document for Failure Assessmeat of Thrust Reyemn on the Existinl 
Turbqjct Fleet is one· enmple or "rieorou.s" probability analysis 
methodoloiD', particularly reg~rdinelatent failures. 



There are a number of vital, lateral control system components, including major elements of the 
two main hydraulic systems and the standby hydraulic system. in the main wheel well. Although 
there have been tests showing limited or no damage to vital components aS a result of tire burst, 
there appears to be no attempt to protect these components from environmental debris. The 
wheel failure event identified in Section 7.b. was a wheel based on TSO-C26, prior. to revision C. 
A subsequent TSO revision, TSO-C26 Rev. C, results in a wheel of higher integrity. Section 7.b. 
provides further rationale for the following recommendation: 

The CDR Team recommends that SACO: 

,,RECOMMENDATION -10 II 

,,RECOMMENDATION -11 II 

determine the requirement for and the feasibility of 
incorporating additi.onaJ means to protect these components 
in the main wheel well or the 8737 from the effects of 
environmental debris and 

ensure the incorporation of wheels b~sed on TSO-C26 Rev. 
C or later revision. 

The yaw damper mod piston and internal summing lirikage is a vital part of the control of the 
main rudder PCU servo valve. By design, the internal summing linkage is redundant and 
combines the mod piston motion with the follow-up linkage motion so that rudder displacement 
produced is limited to three degrees. However, failure modes in these elements that would cause 
the main servo valve to be held open would result in a rudder hardover. The CDR Team believes 
that all the failure modes of this mechanism have not been fully examined. Section 9 provides 
further discussion of this subject. 

The CDR Team recommends that SACO: 

[!RECOMMENDATION -1211 require failure analysis of the 8737 yaw damper identified 
components and aoy relevant tests be conducted to identify 
all failure modes, malfunctions and potential jam 
conditions of these vital elements and 

I [ require corrective action(s) for those failure modes or I RECOMMENDATION -13 I malfunctions not shown to be extremely improbable. 



Yaw damper malfunctions have an unsatisfactory rate of occurrences (failures occurring in 
the transfer valve, linear variable differential transformer, yaw damper coupler, etc.). 
Section 7 (Honeywell visit) and Section 9, paragraph b. and Table 2, provide information 
on number and kinds of failures of the yaw damper and concern regarding its reliability. 

The CDR Team recommends that SACO: 

I1RECOI\1MENDATION -1411 
require appropriate action be taken to reduce the number 
of B737 yaw damper failure oc:c:urrenc:es to an acceptable 
leveL · 

The standby rudder rotary input crank has exP,erienced galling of the journal bearing. An 
attempt was made to eliminate the condition but it continues to persist although to a lesser 
degree. The standby rudder PCU input linkage and/or internal components have been 
identified as potential initiating causes for an uncommanded rudder deflection. Section 9. 
provides fwther information regarding concern for this issue. 

The CDR Team recommends that SACO: 

II~COMMENDATION -lSII require approp~ate acti~? be taken to correct the 
__ ._ referenced galling condition of the standby rudder on the 

B737. 



CONTINUED OPERATIONAL SAFETY ISSUES 

The Team believes that continued operational safety is an important extension of the certification 
process. Within the scope of operational safety, there are a number of considerations, i.e., 
adequacy of the maintenance tasks and associated intervals, incorporation of relevant Service 
Bulletins and Service Letters and the sufficiency of the training and awareness of the flightcrews 
regarding need for prompt and correct response to failures and flight path upset conditions. 

As a condition for the continued suitability of the flight control system and its alternate flight 
control capabilities, certain inspection and checking requirements should be reviewed, revised, 
and controlled to ensure the integrity of the flight control system. Sections 11. and 13 .a. provide 
the rationale for the following recommendation: 

The CDR Team recommends that SACO, in conjunction with AFS: 

review and revise, as appropriate, the 8737 inspection 

II RECOMMENDATION -1611 tasks associated with the latent failures identified in 
.· ·- Tables 3 and 4 in Section 10. in accordance with MSG-3 

I1RECOI\<1MENDATION -1711 

and 

require the identified latent failures have fixed interval 
inspection frequencies a~· provided by AC's 25.1309-lA 
and 25-19. Consideration should be given to interval 
ranges flexible enough to allow normal inspection 
schedules. 



. . . . . .. ~ ... 

The [atent failures identified in Tables 3 and 4 in Section 10 were reviewed regarding suitability 
of inspection tasks and intervals. Some of the items, because of their criticality, were evaluated 
by the .Team in sonie detail and were detennined, by analysis, to have excessive inspection 
intervals as provided by the current :MPD and/or inadequate required inspection tasks. 

The CDR Team recommends that SACO, in conjunction with AFS: 

IIRECOMMENDATION -1811 

LATENT F AlLURE 

reyise the.B737 MRBIMPD inspection task description 
and interval for the following latent failures-

RECO.MMENDED TASKS 
INSPECTION INTERVAL 

AILERON TRANSFER ~lC OPERATIONAL CHECK 
MECHANISM 

~3C MEASURE FORCES AT 
WHEEL. 

AILERON SPRING ~lC OPERATIONAL CHECK 
CARTRIDGE CONDUCTED WITH THE 

TRANSFER MECHANISM 
INSPECTION 

STAND BY HYDRAULIC !!lA OPERATIONAL CHECK 
SYSTEM INCLUDING 
RUDDER FUNCTION 

The "M" CAB flight simulator exercises identified that prompt pilot recognition and correct 
response were essential to successful recovery from several flight control malfunctions. Section 
8, Appendix 3 of this document, and NTSB recommendation A.-73.073/074 in Appendix 8, 
provide further rationale for the foUowing recommendation: 

The CDR Team recommends AFS, in coordination with SACO: . 

I I 
revise 8737 flightcrew training programs to ensure the 

!RECOMMENDATION -191 use of the proper procedures for recovery from flight path 
. upsea and flight~rcw ~warcness regarding th.e loss of 

airplane performance due to a flight control system 
·malfunctions. Consideration should be given to fiightcrew 
action items u a consequence of the failure an.alysis 
developed for the relevant flight control system and the 
failure conditions/malfunctions examined in Appendix S. 
(fhis may require Airplane Flight Manual or Operations 
Manual revision.) 



The T earn has developed an understanding of those flight control system components that are 
critical to proper ~ction of the system. As identified in Sections 9 and 10 and NTSB Rec. Nos. 
A-92-1 18/-120/-121, it is essential that the.PCUs and their internal co"mponents used in the flight 
control system perform per the design requirement In addition the Team believes that proper 
maintenance, overhaul, repair and return to service of the PC Us and its components are critical to 
maintaining a high level of reliability which is essential for the continued operational safety of 
the B737 flight control system. 

The CDR Team recommends that AIR-100 in conjunction with AFS: 

II RECOMMENDATION -20 II 

IIRECOMMENDATION -2111 

require that only PC or PMA approved replacement parts 
be used when overhauling primary elements in the flight 
control system (hydraulic servos and bypass valves) 
of the 8737 airplanes. Ensure replacement parts, as 
provided by a non-Original Equipment Manufacturer 
(OEM) or fabricated under SF AR 36 authority, that are 
used when overhauling primary elements in the flight 
control system have bad their designs approved and 
processed through the ACO that originally approved the 
OEM pam. This means that the replacement part will 
have undergone qualification in terms of design (material, 
beat treat, dimensions, toleranc~, geometric controlst 
etc.), analysis, and tests (qualification and acceptance) 
equivalent to the OEM certified part. An analysis is 
necessary to verify that the replacement part will mate 
properly with the next assembly under all design 
tolerance conditions. 

require any issuance of PMA for primary flight control 
servo and by-pass valves be concurred with by the Aircraft 
Certification Office which certified the original parts or 
assembly. 

The CDR Team recommends that AFS in conjunction with SACO: 

IIRECOMME~ATION -2211 form a team composed of a systems engineer, 
manufacturing inspector and an airworthiness 
maintenance inspectort to assen the repair procedures, 
process and tooling used in every repair station approved 
by the FAA to overhaul 8737 PCUs and its components. 
In addition this team should also reassess all 8737 PCU 
PMAs and SFAR36 data (desip, manufacturing and 
fabrication) approvals for adequacy in consideration of 
Recommendations -20 and -21. 



. .. · · ·· · ··· ·-·-·-~ ...... . .. ·.•• · .. .. . . . . 

A review of the service history regarding aileron and rudder cable failmes or incidents where the 
cables were found to be frayed or damaged, indicates that some corrective action should be 
initiated. NTSB Rec. A·94-064/-065/-066, Boeing In-Service Activities Report# 88-06 and 17 
SDRs identified a number of OCGurrences where cables have failed or were replaced because of 
corrosion, wear, chaffing or twisting. The FAA is currently reviewing all cases of cable failure 
for selected airplanes including the B737. The CDR Team has also identified in Table 1 a:nd 2 
those cases where there was concern regarding the continuing integrity of a flight control cable. 

The CDR Team recommends SACO in coordination with AFS: 

II RECOMMENDATION -2311 
evaluate the adequacy of the B737 maintenance manual 
actions addressing flight control cable inspection~ rigging 
procedures and replacement criteria and 

require control cable service life limits unless acceptable 

II RECOMM~NDA TION -2411 · inspection and/or test procedures are developed and 
. ·- utilized that can determine the continuing serviceability of 

the control cables. 



In the process of defining failures in the lateral and directional flight control system, a number of 
Service Bulletins (SBs) and Service Letters (SLs) were reviewed (Appendix 4). Tables 1 
through 4 of Sections 9 and 10 reference SBs and SLs related to the failure conditions. In 
particular, some were determined as pertinent to continued operational safety. The CDR Team 
believes the following selected SBs and SLs are relevant and consistent with the preceding 
recommendations. It is understood that in a number of cases these SBs and SLs may have been 
already incorporated at the option of the operator. It is believed that a greater degree of 
assurance is necessary regarding their incorporation. 

The CDR Team retommends SACO: 

~RECOMMENDATION -2511 determine the degree of incorporation of the following list 
of Service Bulletins (includes In-Service Activities Report) 
in the 8737 fleet and, in consideration or the 
recommendations in Section 15, reassess their sarety 
impac:t and, u appropriate, require their incorporation on 
applicable Models of the B737 • 

. 
BULLETIN# TITLE DATE 

8737-27-1060 Rudder Pressure Reducer and Relief Valve .. 3 Oct. 1972 
Inspection/Removal 

8 737-27-1033 Improvement of Lateral Control Transfer Mechanism 13 Feb. 1970 
-

8 737-27-1081 Inspection of Ground Spoiler ShutoffV~ve Control 10 Dec. 1976 · 
Cable Assembly 

8737-27-1125 Flight Controls, Cable Guard Modification (Pitch) 8 Mar. 1985 

8737-27-1134 Flight Controls, Aileron Centering and Trim 11 Jul. 1986 
Mechanism Modification 

8737-27·1152 Flight Controls, Aileron Trim Bracket Replacement 12 May 1988, Rev 
2, 22 Dec. 1988. 

8737-27-11 54 Flight Controls, Aileron Pulley Bracket 25 Aug. 1988 
Inspection/Replacement 

8737-27-1155 Flight Controls, Aileron Centering Spring and Trim 26 Oct. 1989 
Mechanism Modification 

8737-29-1 062 Hydraulic Power, Main and Auxiliary, Standby and 14 Feb. 1991 
Ground Service Pressure Filter Modification 

B7371N-SERVICE ACTMTIES REPORT 

Report No. Rudder Power Control Unit (PCU) Yaw Damper 24 Feb. 1995 

95-04-2725-10 Solenoid Valve configuration for use on Rudder PCU 
Spec. No. 10-60881-8,-13 

-------@ 



The CDR Team recommends SACO in conjunction with AFS: 

j(RECOJ.\1MENDATION -2611 determine the degree o( incorporation o( the following list 
of Service Letters ·in the 8737 flee~ aod, in consideration 
of the recommendations to Section l5., reassess their safety 
impact and, as appropriate, require their incorporation on 
applicable Models of the 8737. 

LETTER# · TITLE DATE 

737·SL-27-16 Rudder Trim Control Actuator Lubrication 25 Aug. 1980 

B737-SL-27-24 Rudder Centering Unit Lubrication 28 Jun. 1983 
I 

8737·SL·27-30 Aileron/Elevator and Rudder Power Control Unit l Apr. 1985 
Cylinder Bore Rework 

B73 7 -SL-27 -57 Rudder Feel and Centering Unit Lubrication 5 Dec. 1989 

8737-SL·27-71- Aileron/Elevator PCU Flow Restrictor Filter Screen 19 Jun. 1992 
A Contamination 

The Teain has able identified a number of recommendations that it believes will improve the 
overall reliability and enhance the safety of the 8737 flight control systems. It was unable, 
though to conclusively link failure mode of the flight control system to available accident 
investigation data from either the B737 Colorado Springs or Pittsburgh accidents. The Team 
feels that the investigation as to the cause of both of these accidents should continue. Through 
the critical design review effort, the FAA took a fresh look at the 873 7 flight control design and 
certification and believes there is merit in taking a similar fresh look at all of the data gathered on 
both accidents. Combining a fresh look at the accident along with the data learned from the CDR, 
could shed new light on the cause of these accidents. 

The FAA should: 

IRECOM1\1ENDATION -271 

\ 
I 
I 

request the NTSB form a special accident investigation team to 
begin a new combined investigation of both the 8737 Colorado 
Springs and the Pitt.sburgh accidents. The accident 
investigation team should include an FAA representative from 
the CDR team and the NTS8 aviation safety investigator that 
worked with the CDR team. This will ensure that all of the 
data from the CDR is available for review by the accident 
investigation team. It is further recommended that NTSB 
personnel on the team not be from the original accident 
investigation teams an·d .that the NTSB include at least two 
accident investigaton (one each- airplane systems and flight 
operation) from another competent aviation authority of the 
world who bas experience with 8737 airplane. 
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Boeing 737. Fligll't ·Control .system 
. Critical Design Review Team Charter 

Background an~ Discussion ·. 

The USAIR 737 accident near Pittsburgh and the Unfted 737 accident near 
Colorado Springs hav·e raised questions about the flight control system on the 
8737. Desptte repeated reviews ·and analysis of the design, the question of 
whether something has been overlooked still persists. In an effort to answer this 
question, the FAA Transport Airplane Directorate i$ organizjng a Critical Design 

. Review (CDR) of the Boeing 737 flight control systems. The Team conducting this 
review will consist of members from FAA offices not intimately invotved with the 
8737, the National Transportation Safety Board and other government 
organizations and ajrworthiness authorities. The Team will examine the 
assumptions of previous reviews and develop new analysis as needed to 
thoroughly examine all aspects of the control systems as descnbed in the Team 
Objectives below. The overall Team objective is to confirm the continued 
operational safety of the Boeing 737 or, if deficiencies are found in the design of 
the 8737, make recommendations on the course of action that will correct those 
deficiencies. 

T~am Objectives 

1. The Team, in coordination with Boeing engineers and other 
sources of information and guidance, will develop an airplane level · 
·hazard analysis of. the flight control systems of the 737 airplane .. 
Further, the analysis should identify an catastrophic and major 
hazard events, considering Advisory· Circular (AC) 1309-1A. whiCh 
could occur as a result of failure or malfunction of any single, or. 
combination of, 737 flight control system part(s), sensor(s), power · 
supplies or related crew display(s). In developing this analysis, the 

-Team should assume :the worst case reaction of the crew to any 
malfunction. It should specificafly identify all possible events that 



I 

could lead to an u~nded tUght path upset due to flight .. . 
controls like a rudder hardover. This analysis should account for 
and inClude the differences between the various 737 models and 
likely ~inten~uced faUures suCh as~ eorr~ion. improper 
connection of.mechaniail finkages,·etc. · . . . . 

. . · ' ... 
. . . 

2. uaing ft.e,.~lyais frOm objective 1, the Team, in coordination 
with Boeing' engineers, wsll Identify every set of three or less faUures 
or malfunctions which would result in one of the events identified in 
objective 1. The Team will quarltative1y rank the probability of each 
set of failures or malfunctions developed. The ranking should be 

· rank o.rdered starting with single failures. · 

3. The Team will develop a list of recommend~ 737 systems 
design changes. The Team will also recommend the method by · 
which these changes should be implemented, i.e., Airworthiness 
Directive action, service bulletin, Mure manufactured airplanes, etc. 

·Team Products 
The Team will produce a report which includes a section for each 
objective in this charter. The report should document the Team's 
activities. the assumptions used by the Team in accomplishing each 
objective and a description of the results of the Team's woric under 
each objective. The report should be such that a reader of the 
report can gain a basic understanding of the woricings and operation 
of 7_37 flight control systems. The Team wm also prepare. an 
executive briefing package which win contain an Executive Summary 
and slides (hard copies}, which describe the Team's methodology, 
resufts, conclusions and recommendations. The report will be 
submitted to the Manager, Transport Airplane Directorate. This will 
include a short briefi~. 

Other Factors/CQnsiderations 
The Team will meet at the Boeing facilities in the Puge1 Sound 
(Seattle/Re.nton) area. Boeing has agreed to provide office space 
and engineering resources for the Team. · 

The Team will arrange their own schedules for the effo.rt, i.e., 
returning to their homes on weekends, etc. 

.• 

.· 



Approved by: 

•• 
'The Team has complete flexibility in how they approach the task. 
provided the objectives are mel 

Team Members 
llembefa Name Organization Telephone 

1. Michael Zielnlld .. FM-Teamt..uder 206 227-2279 

2. Tom Oonnely FAA 817.m-S188 

3. Ron Flier FAA . 817-222-5132 

4. Dinko~ FAA 51~791~28 " 

5. Peter McOennott USAF 303-340..9641 

e. Tom tiepins · Ttan$p0ft Canada 6().4...666-6122 

1. Christina Dawson FAA- Flight Standards 20tr227-2819 

8. Representative NTSB 

• Werner Koch of the FAA replaced Danko Kramar mtd-way through the COR effort 

Schedule 
The Team is empowered to establish their own schedule for 
completing the task and advising the Manager, Transport Airplane 
Directorate, of their proposed schedule. Periodic progress reports 
will be provided on a bi-weekly basis. 

__ (signed October 20, 1994). ________ _ 

Ronald T. Wojnar, Manager, FAA Transport Airplane Directorate 
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OriltiDa L Da1n0a !:w been employed a IIi Aviation Safety Inspector for the FAA Seattle Flight 
S1andards District Office· since 1984. Her responsibilities include tbe certification and surveillance of 
FAR Pat 6S Airmen, Put 145 Repair Statiou md Part 13S/121 Air carriers. Ms. Dawson is also 

. responsible ror main~ program approvals IDd surveillance for a wide variety of aircraft including 
DC-3s, CV-3401400s, F-27s, BM--146, B-727, 8-737 iDd DC-9s. She is currently assigned as Principal 
Avionics Inspector to Alaska Airlines, a FAR Part Ill Air Carrier operating a fleet ofB737-200/400 
aircraft md DC-9-12183 aircraft. . 

Prior to being employed by the FAA, Ms. Dawson was employed as. an eq.gineet:ing planner and lead 
enginte with TRAMCO, Inc., a FAR Part 145. Repair Station. She is a graduate of South Seattle . 
Community College, and holds degrees in Associate of Arts and Associate of Applied Science 
Aeronautical Technology. 

Thomas S.. DonneUy bas held the position of Aircraft Certification Engineer with the FAA Aircraft 
Certification Office in Ft. Worth, Texas, since 1988. During this time, be. bas served. a Team member of 
projects involving Traffic Alert and Collision Avoidance Systems, Predictive Wmdshear Warning 
System, Chine~ Bilateral Approval of the Y-12 airplane, ~d VHF Navigation and Communications. 
Prior to his employment with the FAA, Mr. Donnelly was an independent engineering consultant and was 
involved with the design of autopiJots and yaw dampers, the investigation of Grumman A-6 accid.ents 
resulting from latent failures, the flight readiness review of the Grumman X-29 digital flight control 
system, and analysis of affects of Electromagnetic Pulse (EMP) and High Intensity Radio Magnetic 
Fields (HIRF) on flight controls. · 

Mr. Donnelly was also employed as a systems design engineer on the F-117 stealth fighter for Lockheed 
for three years, and served as a Chief Systems Engineer for the Grumman American Aviation company 
for ten years. He is a certificated single and multi engine pilot with over 5,000 hours of flight time logged. 
Mr. Donnelly is a graduate ofTri State University, Indiana, with a Bachelor of Science degree in · 
Electrical Engineering. ' 

Ronald L Filler has been employed as Flight. Test Pilot for the FAA since 1983. From 1983 until 1985, 
he was involved in flight tests and systems aspects of the MD-83 and installation of the Honeywell 
Performance Management System on the 8737 and 8727 aircraft at the Long Beach Aircraft Certificati'on 
Office. In 1985, Mr. Filler moved to theFt Worth ACO where be was assigned as thC project pilot on a 
DC·8-7tn3 autopilot certification program md a Bn71RR re~gining p~gram. He also specified the 
criteria for a new Stall Avoidance System (SAS) for the Fairchild Metro airplane, and participated in an 
aircraft accident investigation of a Fairchild Metro in 1'988. He is currently responsible for the various 
models of the Fairchild Metro at the Ft. WOrth ACO. . 

Previous to his employment with the FAA. Mr. Filler has held positions as a flight test. pilot for the Piper 
.Aircraft Corporation, a mechanical and hydraulics test engineer for the Bell Helicopter Company, a 
dynamics engineer for General Dynamics, and a line pilot for Braniff International airline. He has logged 

(§) 
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· CMZ 12,000 flight hours as a pilot and fli&ht engirwr IDd is both fiXed wing md helicopter rated. He is a 

p-aduate of Rice Univezsity wi~ a~ ~fScleoce degree in Mechanical Engineering._ 

j 

Wenaer G. Kocll has been~ A~ MechaniCal Systems Engineer in tbe FAA Ft. Worth Airplane 
Catification Office_ since 1990. He is cuamily respoPS~"ble for reviewiD& and approving airplane 
mechanical system design data, test proc:cchircs, 1est reports, and other documents for type design changes 
and supplemental type certificates. Prior to his cmptoymem with tbe FAA, Mr. Koch worked in the 
·Hydraulic Design Oro~ at Bell Helicopter Textroa for 17 years. During this time, be assisted in the 
design and modification of oew/existing helicopter hydraulic systems, prepared hydraulic systems 
specifications. and supervised the Group during tbe development and prodUct support activity for the Bell 
Mode1400 helicopter and V -22 tilt-rotor airaaft. 

Mr. Koch was also employed as a design, laboratory and flight test engineer of hydraulic systems for LTV 
and E-Systems from 1961 to 1972. He holds a Bachelor of Science de~ in M~hanical Engineering 
from the University QfT exas, and a Masters of Science Degree in Mechanical Engineering from the 
University of Southern California. 

Danko Kramar bas been employed a mechanical systems and equipment e~ at the fAA New York 
Aircraft Certification Office since 1990. During this time, be bas been responsible for the cCrt:ification 
and regulatory activities associated with aircraft mecbani~ systems and equipment, Team member on the 
(US/Canada, US/Russia and the US/China) bilateral assessment program as a mechanical/hydraulic 
systems and equipment specialists. He is presently assisting the Wichita Aircraft Certification Office in 
the certification of the Cessna Citation 10 powered flight controls and hydraulic systems. 

Prior to his employinent with the FAA. Mr. Kramar was employed by Grumman Airciaft Systems 
Division in the powered flight c:Ontrols and hydraulics group. During this time be was responsible for the · 
system concept, analysis, design, and component selection for the power generation (mechanical, 
hydraulic and pneumatic) and transmission to variouS subsystems. Mr. Kramar holds a bachelors degree. 
of mechanical engineering from Pratt Institute. 

Tom Liepins has been employed as an Airwo~ Inspector for Transport Canada for the last 10 
years. He is the Principal Airworthiness Inspector for a major Canadian operator of the B 73 7. He is - · 
thoroughly familiar with the requirements for large air ca¢er maintenan~ and quality assurance. Mr. 
Uepins bas participated in numerous Transport Cuada audits of air carriers and was a Team member in 
their familiari..mtion and Type Approval of the B747-400. He has also represented Trarisport Canada at . · 
8747-400 Maintenance Review Board meetings. Prior to joining Transport Canada, Mr. Licpins was 

. employed as an aircraft mechanic for an operator of the 8737., 8747 and DC·lO airplanes, and he 
completed maintenance type courses on these ainnft. 

Mr. tiepins is the holder of a Transport Canada Aircraft Maintenance Engineer's License and bas 
completed addit:ional aircraft maintenance training in the areas of structures, non-destructive inspection, . 



' ·' 
aDd corrosi~n prevention. He is a pduate of a ~year ~Maintenance and Avi~cs program ai 
Soutbml Alberta Institute ofTeclmology. . . . 

. ' . . 

Peter McDermott is a full-time tcclmician Chief' Master Sergeant in the Colorado Air National Guard. 
He serves as the Maintenance. Superin~em _for the 200 Airlift Squadron which operates the T -43, the 
military version of the Bocina 737. He is responsi'bl~ for the IOpstics contract currently held by the 
BoeiDg Company, and the ~tenance contract tor the Air National Guard C-26 (SA-227). He recently 
completed a re-write of the Air Force maintenance planning document for the T-43. During these 
ICtivities he represents the Air Force and Air National Ouard: He also attends all maintenance and 
operating conferences which are sponsored by the Boeioi Company. Chief Master Sergeant McDermott 
has a total of26 years experience in the aircraft mainten.an~ field, the last 12 of which have been 
associated with the T<43. ·His experience includes maintaining various aircraft such as the Boeing C-?7, 
DeHavillaild C-7, Douglas C<47, ConvairT-29/C-131, Cessna 0-2, Voight A-7 and Boeing T-43. He also 
has over 2,500 hours as a Flight Engineer, accrued in the C-7, C-47 and T-43. His dutieS have included 
general aircraft mechanic and Quality Assurance Inspector. 

Mi~haeJ ZieHn ski is a Project Engineer for the FAA Transport Airplane Directorate. He has held a 
variety of positions within the FAA since 1983, including aircraft certification in which he developed a 
number of Advisory Circulars e.g., ETOP, Crew Worlcload, and Flight Manual standardization. He joined 
the Flight Standards Service as manager of the Long Beach, Ca. and Seattle, WA Aircraft Evaluation 
Groups (AEG), and developed the strategy for the reorganization of the AEG. He also led the 
development of the FAA and NTSB's Bloodbome Pathogen Training Program for accident investigation 
personnel. He then returned to the aircraft certification service as project officer involved in the 
standardi2lltion of transport aircraft certifica.tion efforts of a number of Aircraft Certification Offices, 

From 1965 to 1983, Mr. Zielinski was employed at the Boeing"Company. During this time, be 
participated in the certification of the 8737, 8747, and 8727-200 Advanced airplanes as a flight test 
Design8ted Engineering Representative (DER). He was also a noise certification airplane performance 
lead engineer for then current Boeing models, including the R&D effort in the development of the 8727- . 
300. He then joined Boeing Operations Engineering, created an airplane performance/community noise 
course, taught airplane dispatch course and was the engineering representative for 10 airlines, including 
both foreign and domestic carriers. He holds a Bachelor of Aeronautical Engineering Degree from the 
University of Detroit (Detroit· Mercy) and did post graduate work at the University of Washington. 



' ' 
APPENDIX3 

B737 FLIGHT CONTROL SYSTEMS DESCRIPTION 

L Geaenl Hydraulic S)'Jtem·: 1)c B737 aeries airplaile i.oc9rpo.:ues· ~ functionally 
iodepeDdent hydraulic systems which operate Ill approximately 3,000 pounds per square-inch (psi) · · · 
pessure. The systems are designated .S S)'StaD • A. • -Ystan "B. • and the •standby" system. Each system 
bas its own independent reservoir. The hydraulic fluid Used in each systeUi i:s BMS 3-11. Tbe three 

. reservoirs are pressurized to 45-SO psi by the engine bleed air pneumatic s)'stem tO assure a positive flow 
offtuid to the pump suction. In the 873·7·100/-200 series, the bleed air is supplied by the 13th 
cOmpressor stage ofbo1h engines and is routed to system .. A • JeSerVok. Balance ~then interconnect 
the 1lnee system reservoirs. allowin& them all to be pressurized to the 45-SO psi pressure. ID the B73 7~ · 
3001-400/-SOO.serics, the pneumatic system distn'butes air from the right and·left pneumatic ducts 
(allowina hydraulic pump. operation with APU power) to both systems • A" and "8" reservoirs. The 
standby reservoir is then p~ through the balance line from the "B" reservoir. Although both 
systems "A" and "B" normally provide hydraulic power for the flight controls, either system alone will 
power the flight controls. The ailerons and elevators can also be operated manually, without hydraulic 
power. Powered rudder control c:an also be obtained from the "standby" hydraulic system. The capacities 
of the hydraulic pumps in the system are such that the operation of any one of the four" A" or "B" sy~m · 
hydraulic pumps is capable of supplying the flight controls with sufficient pressure and flow to operate 
them without apparent degradation of authority under normal demands. Available rate and force 
capability would. however, be limited with respect to fuliy operable hydraulic systems C"A" and~"). 

The" A" hydraulic system is powered by two engine-driven pumps on the 8737~100/-200 series aircraft. 
On the -300\-400\~500 series, the • A" system is powered by the left engine-driven pump ·and by a three
phase, t 15-V AC electric motor-driven pump that is powered by BUS No. 2, which is supplied by the right 
engine. the engine-driven pumps generate a constant output pressure at a variable flow rate of 
approximately 25 gpm. The electric motor-driven pumps are, also, constant output pressure Units, with a 
maximum Bow rate of 6 gpm. The system is equipped with pressure and return-line filters that are rated 
at 15 micro.n absolute. The case drain fluid lines are provided with 25 micro.n absolute filters. On the 
8737-100/-200, the" A''' system provides power for the inboard brakes, inboard flight spoilers, ground 
spoilers, ailero~ elevators, rudder, trailing edge flaps, leading edge devices, ~ding gear, J10se wheel 
steering, and thrust reversers. On the -300/-400/-500 series, system "A" supplies power· for the ailerons, 
rudder, left thrust reverser, elevator, inboard flight spoilers, alternate brakes, ground spoilers, autopilot 
• A. • ~ gear, normal nose-wheel steering, and power-transfer unit, in the event of a pressure loss· 
from the system "B" engine~ven pump. 

The "B" hydraulic system. is powered by two electric molOr..driven pumps on the 8737-100/-200 series. 
On the -300/-400/-SOO series, the "B" system is supplied by the right engine-driven pump and by a three
phase, 115-VAC electric motor-driven pump powen:d by BUS NO 1, which is supplied by the left-hand ·. 
engine. The hydraulic system pump ratings and the fluid filtration are ·the same as described above for 
Systan ·~· On the 8737-100/-200, the "B" system provides power for th.e outboard brakes, outboard · 
flight spoilers, ailerons, elevators, rudder, yaw damper, ~pilot "B" and the auto brakes. ·0n the ground. 
"B" system can also be used to pressurize •A" System through the interconnect valve on the 8737~100/-
200. On the 8737-300/-400/-500, the using units are the ailerons, rudder, right thrust reverser, leading 
edge flaps and slats, auto slats. elevatOr, outboard flight spoilers, normal brakes, yaw damper, autopilot 



-s: ~ edie ~ •. and al~ nose wheel steering (umsmrted). System~"~ is ~le ( 
for al1emate landing gear e~on in the event of a loss of tngiDe No. 1. 

Tbc "StaDdby" hydraulie system (all B737 models) povidcs an altcmatc sourt:e ofhydraulic po"Wer to 
ope:me the rudder, to' extend the 1eNJing edg~ ~ aDd slats, 8nd to actuate both thrUst revmers. .It is 
powered by a three-phase. liS-V AC electric moto~4rivcn pump. The motor is oormally supplied by 
BUS NO. 1, and, alternately, by BUS NO.2. The pump provides a constant output pressure of3,000 psi 
at a m.ixbnum flow of 4 epm. The fluid filtration for the standby system is the same as for the • A • and 
-s• systems except that no dedicated return filter ia povidccl. 

Two flight control hydraulic mOdules (one each for • A • and "B" hydraulic systems) are installed. Each · 
hydraulic inodule is a manifold assembly containin& a spoiler shutoff valve, flight controls .shutoff valve, 
low pressure' warning sWitch, and compensator cartridge. The compensator cartri<fae maintains return 
fluid &om the aileron, rudder, and elevator power control units after hydraulic system shutdown.. This · 
fluid is used to compensate for volume cbange5 in the hydraulic system, due to temperature changes or. 
fluid loss. Motor operated shutoff valves within the module are commanded to their operating positions 
by the flight control system switches in the cockpit 

Control and indication of the "A", "B" and "Standb~ hydraulic systems necessary for airplane operation 
are provided in the cockpit "A" a® "B" hydraulic system pressure and reservoir quantity are indicated 
on gages located on the first officers panel (EIS display on some 737·300. 400,-SOO models). The 
pumps in the"' A", "B", and "Standby" hydraulic systems are contro~led and indi~ by switches and 
lights located on the forward overhead panel. EaCh pump in the "'A" and "B" system has its own on/off 
switch and amber low pressure light. Indication of" A" or "Bft system cl~c motor pump overheat is 
provided by amber overheat lights. 

1be "Standby" system hydraulic system pump is activated by arming alternate flaps or by selecting either 
"A" or "B" flight control switch to the Standby rudder (STBY RUD) position. On 737·300,-400, and-
500 airplanes. the pump can also be activated by amo.standby circuitry ("A" or "B" flight control pressure 
low, flaps not up, and airplane in air or wheel speed> 60 kts}. Low "Standby" pump pressure and low 
reservoir quantity are indicated by amber lights. 

The master caution system, on the glare shield, provides eye level indication to the pilots that a hydraulic 
light on the overhead panel bas illuminated. Master caution remains illuminated until either the master 
caution light is depressed or the cause is corrected. 

b. Lateral Control System: Lateral control is provided by· an aileron 8nd two flight spoilers on 
each wing. These controls are operated by either control wheel in the cockpit The pilot's and copilot's 
control wheels are connected by cables to an aileron control quadrant which operates the aileron·power 
control units (PCUs) through a mechanical linkage. The PCUs move the ailerons directly and also 
command the spoilers through the spoiler mixer. 

(I) The base of the copilot's control cohmin is equipped with a ~~e~ which allows normal co.ntrol 
wheel motion to be transmitted through the left aileron body cables only. If a Irialfunction occurs that 
jams the aileron control system, lateral control is accomplished by operating the flight spoilers with the 
right aileron cables controlled from the copilot's control column. Control wheel movement of more than 
12 degrees left or right is required to operate the spoilers through the aileron traDsfer mechanism. 

· ~. 
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(2) A spoiler mixer c:ombincs laten1 iDput fiom the aileron system. with speed brake lever position to 
.now tbe flight spoilers to ~lateral coatrol while simultaneously being used as speed brakes. The'
')K>iler mixer also f\mctjons as a ratio chana« which varies the output to the spoiler actuators for a given 
magnitude of input from the aileron ~ depending ~ speed brake lever ·setting. Tbe OutPut deaeases 
a spee4 brakes are raised. · 

(3) AJ1 aileron sprina eartridge.(poso) prOvides the JIV'dwnicaJ input corinection between the aileron 
poW'CI' control Units aDd tbe spoiler input 1iDk to the spoiler mixer through the normal control path. 

(4) Tbe aileron PCUs are indePendent Units,. me conDected to system "A • and the other connected to 
system -a.• Either unit is capable ofprovidin& fun deflection laleral control at reduced rate and limited 
by 112 the force capability in the '"blow~wn".airspeed regime . . . 
(S) Two fliibt spoil~ on each wing operate in conjunction with the ailero~. The outboard fligbt 
spoilers arc operated by hydraulic system "B" while the inboard flight spoilers are operated by system 
• A" All four flight spoilers also may be operated together to serve as aerodynamic speed brakes. 
Aerodynamic forces limit panel extension within appropriate limi~ for the airplanes structural design. 
Two (three on the -300/-400/-SOO) ground spoilers are also located on each wing to provide aerodynamic · · 
drag for ground operation only. The ground spoilers arc protected from airborne operation by a ground 
spoiler by pass valve oonnected to the right main landing gear. The ground spoilers are powered by 
hydraulic system" A." Each spoiler has its own hydraulic actuator, and there is no manual reversion 
backup capability. . 

(6) If hydraulic powcr.is lost to. both "A" and · "B" ·sy~. lateral control is provided by manual 
reversio~ In this mode, the pilot's inputs are transmitted mechanically through the.PCUs and thi'aileron 
control cables to the ailerons. Movement of the ailerons is aided aerodynamically by aileron balance tabs 
and panels. The spoilers are inactive in this mode because there is no hydraulic power to their actuators. 

(7) Aileron trim is provided by a mechanical actuator which repositions the aileron centering mechanism 
on the B737-1C>OI·200. On the 873/-300/-400/-SOQ this actuator is electrically operated. 

c. Longitudinal Control System: The B73Ts elevators are powered by two independent 
hydraulic PCUs. One PCU is powered by hydraulic system "A" and the other is powered by hydraulic 
system "B". Either unit can independently provide full deflection pitch control with redu~ rate and 
force authority. Pilot input to the elevator power control unit is from the control column through a dual 
cable system and a torque tube that is connected to both elevators. With either hydraulic system off, the 
elevator control system unlocks an aerodYnamic tab for that system on the -100/-200. On the -300/400/- · 
500 the tab is active all the time. With both hydraulic systems o~ the elevator control system 
automatically reverts to ~ manual operation assisted by the elevator tabs and balance panels. 

(1) A hydraulic "feel" system provides control column forces proportional to airspeed 
(differential pressure). The mec~cal feet and centering unit receives inputs &om the stabilizer position 
and from a Mach trim ~r to provide ccnter-of-sravity input and speed stability at higher ~h 

· numbers. · 

(2) Longitudinal triiD is provided by a movable horizont8l.stabili.zer, which is operated by a 
. single dualload·path ballscrew. Power for the ballscrew comes from three sources: the main electric trim 
motor, the autopilot trim motor, and the manual trim system. Manual stabiliier trim controi wheels are 
located in the cockpit and connect through a cable system to the stabilizer. · 
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d. DliectioaaJ Coatrol Sy*-: ~onal control of the airp~ is provided by rudder pedals 
through a hydraulieally powa-ed single surface ruddcl without a tab. A rudder PCU is connected directly 

. to tbe rudder, is po~ by hydraulic systems • A • ad "B: aDd opezatcs throU&h a dual load-path · 
tinkage. Rudder backup power is Provided by a standby actuator, which is powered by the "standby" 
hydraulic system. AZJ.y single hydraulic syStem poW'CI' aoun:e will provide full deflection rudder control at 
a reduced mte and J.iJ$ed by lfl force capability ·in tbe -.,row-down'' airspeed regime. Tbe rudder is 

. operated ODly by hydraulic power; there is oo manual ~eVasion ~ility. 1he feel md centering 
mechanism provides an artificial feel force gradient at tbc ~ pedab and holds the rudder at the 
trimmed position when no force is applied at the pedals. At DCUtral the tUdder breakout force is sixteen 
pounds and the force increases with pedal defleCtion to sixty-eight pounds at full rudder pedal travel. · 
Trim commands cause the trim actuator to extend/retract which in tum causes rotation of the feel and 

. centering mechanism. Rotation of the mechanism provides a new zero force rudder pedal position 
corresponding to the trimmed rudder surface position. 

(I) The rudder PCU includes a dual-tandem hydraulic actUator within the unit. Hydraulic 
system "A" provides power to the forward section through the hydraulic system "A" flight controls 
module. Hydraulic system "B" provides power to the aft section through the hydraulic system "B" flight 
controls module. 

. (2) The standby rudder actuator normally is not powered. When operation is selected by the 
"A" or "B" flight control switches (either switch positioned to STB Y RUD), o~ automatically upon failure 
of either" A" or "B" system on the B737-300/-400/-SOO, the.actuator is powered through the standby 
hydraulic system. At least one side of the main power control unit is. not powered when the standby 
actuator is powered. No more ~ two hydraulic systems are intended to be Used to operate the ~der at 
any one time. 

(3) The rudder is, also, controlled by the yaw damper system. The yaw damper actuator is 
integrated into the PCU and is powered by the "B" hydraulic system. The damper operates independently 
of the pilot's control system and does not result in feedback to the rudder pedals. The components of the 
damper system consist of the yaw damper shutoff valve (engage solenoid), transfer valve, yaw damper 
actuator (mod piston, yaw damper J1lte sensor, and associated electronic yaw damper coupler): The yaw 
damper is limited to a maximum of 3 degrees of rudder deflection in either direction (2 or 4 degrees in 
some earlier 8737 Models). The yaw damper is engaged by activating a solenoid that connects the "B" 
system hydraulic pressure to the transfer valve. Electric current Dow: thrOugh one of two opposing eoil 
windings wif:hin the transfer valve, results in hydraulic fluid flow ~ position the mod piston, which causes 
the primary rudder valve to be displaced This results in PCU oUtput and rudder deflection. The yaw 
damper authority is mechanically limi~ inside the PCU by the mod piston stops. · 

. . 

(4) Rudder trim is mechanically controlled. It is operated via cables.from a control knob on the 
aisle stand to a mechanical actuator attached to the feel and centering mechanism at the rudder. On the · 
B737-300/-4QO/.SOO series, ·the rudder trim actuator at the feel and centering mechanism is electrical, and 
control is electrical via a switch on the eoekpit ~estal. Trim input is obtained by repositioning the feet 
and centering unit, and thus, offsets the neutral or zero position of"the rudder. 
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APPENDIX4 

8737· CDR TEAM ACTIVITY CALENDAR 

~following is an account of the Temnis signi.fi~t activity in support of the Review effort:. 

. 

·-

DATE . ·- - .· .. ACTIVITY 

Oct. 25 to 28 Team familiarization with cksigil ofB737.flight control system. 
. . . . 

Oct. 31 to Team review of certification data of the· flight control syStem. 
Nov.4 

Nov.t4 . 

Nov. 15 

Nov.lS 

Nov. 16 

Nov.17 
... 

Nov.17 

.· . 

Nov. 1$ 

Briefing/discussions with FAA Special Certification Review Team· (RE.: 
Determination of design or maintenance deficiencies of hydraulic 
eomp()nents m fli~t controls of various Boeing airplanes). 

NTSB briefing on airplane system issues regarding B737 accidents in 
Colorado ·springs and Pittsburgh.· 

a. Boeing briefing on.B737 ~idents. 

b. Team reviewofm5B recommendations regarding B737 flight controls. 

CDR Team Caucus. 

Some Team members; participate in. "M".Cab simulator exercise of CDR 
Team ·developed failure Scenarios. · · 

a. Other Team members participate in review of Component 
Mainteriance!Overha~ Manual proCedures for PCU. 

b. Comparison of "task cards" vs: Boeing MPD requirements .for identified 
Latent and o~er failures in the flight control .system. 

~·ReView of the B737 MRB and subsequent ~visions with Seattle AEG. 

a. Team review ofTIA and Ironbird tests relevant to the demonstration of 
failure consequences .. 

. 

b. Boeing f~Ure anal~sis briefing on leSdmg ~d trailing edge flaps 

c. Team eaucus and review of Nov. 17 ·actiVity and results . . 

Dec. 5 to 6 a. Action to ~sfy Team requirements for addltional information or design 

Dec.7 

Dec. 1~ 

· · review. 

b. Team discussions and initiation ·of CDR report outline , . 

a. Some memberS ofT cam visit TRAMCO for first hand look at B737 in . . 
"D" .. ch~k .00 PCU com~nent disassem~ly. 

b. Other Team members hold discussions With Seattle ACO mechanical 
systems staff ~embers. 

DiscUssions With Boeing on outstanding questions. 

l 
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Dec. 13 to 15 Continuation of Team discussions and review ofSB, SL, AD and ASRS 
reports. ' 

Dec. 16 Some Teani members visit Parker and Ho~ywcll. 

Dec.20 Discussions with Fortner on repair ofB73?. PCU's. 

Dcc. 21 -~ecting with Dougbs ~ Comp. regarding their philosophy-and 
design of fligh~ control sYStemS. .. : .~ : -

Jan. 9 Discussions with Boeing reg~ the preli~inary draft of CDR Iep?rt -· 

Jan. 10 and ~velopment of presentation ofTeai:n results fo~ discussions with 
11 managem~~ ofF~ NTSB, DOD and Transport Canada · 

Jan. 12 
. 

Presentation of CDR ~ts to Team ma~em.enl 

Jan. 13 Revise working draft of CDR report as required . . 
Jan. 18 to 20 Revise working draft of CDR ~rt as required. 

Jan. 23 Provide working draft to B6cing for revi~w and comment. 

Feb. 7 Review Boei.Dg comments with Team. 

Feb. 8 to 10 Revise working ~ of CDR repOrt and sort recommendations for 
distiibution to FAA offices fot developll;lent of action plan. 

March 20to ReVised working draft and developed executive· summary of report. Began 
31 deveiopment of report on implementation plan. 

. ~ 
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~ . ,. APPENDIXs-

BOEING MUL ~URPOSE ENG~ERING SIMULATOR, "M" CAB, 
__ ._ E~RCISE . . 

. ": .: . \" ·. .. ' 

As a result of the identification of a nunibefofj,otcntiat failures in the B737tllght contrQl system, the · 
CDR Team conducted a series of simulator~ to ~aipt to evalUate whether these ~ures coUld result 
jn the loss of a4'craft control. The failures to be evaluated included single, multiple, and latent failures 
aild.no attempt was made to determine the probability of any evenl 'The approach taken was' that the 
failure had occurred; now, what is the effect-on the flightcreW's 8bility to contrOl the aircraft? 

The simulatOr "used~- Boeing's "M" CAB engineenng simulator configured as a B737-300. No 
verification of the siniulator's fidelity with respect to the test airplane for the test conditions evaluated was 
made by the CDR tcain. However, severiU Boeing flight controls, Stability and control, and simulator 
engirieers were involved in setting up the test. Their general opinion was that the simulator's fidelity was 
sufficient for_ the ld..nd of evaluations being conducted. 

The tests were conducted on N~vember 17, 1994. CDR Team·pilots were Ron Filler, ASW-150, and 
~ne.Bollin, ACE-160W. CI;>R Team observers. were Tom Donnelly, ASW-190, and Mike Zielinski; 
ANM-113. The Boeing test director in the simulator Was Marty Inghain. Several other Boeing personnel 
were presen! to assist with ~e test~ -- -

A ~asi~ teSt pi~ had been agreed upon ·and briefed prior to conduct of the test. This test plan is presented 
herein as Figure 1. A list of data p8rameters to be recorded was also agreed upon. This list is presented as· 
Figure 2. The test plan listS basic airclaft eonfiguratiori, weight and e.g., and flight conditions for each 

- test together With a brief test descriptio~_ All tests were conducted essentially as shown except for test 4, 
simulated bus bar and cable failures, and tests·, lateral axis auto pilot bardovers without force limiting. 
These tests could not be ~ccomplished with the simulatOr as_available on Nove~ber 17. Also, the manual 
reversion part oftest 8 could not be accomplished. So~e of these tests may be cOnducted ~ a later d~te . 

. . 

J"wo test conditions were added to T~ i;· these were-rudder hardo~ers with sPeed brakes deployed at high 
altitude, clean configur3tion,.arid low altitude; flaps·l, ~40 KIAS. One "suq)rise" rudder bardover wa.S 
added by the CDR Team observerS in·the simulator control room. This test turned out tO be unrealistic . · 
because of the manner in which the rudder malfunction Was introduced. All these added tests aie 
discussed together with tlie tests C{)nducted from the test plan shown in Figure 1_ in the Test Results · . 
section beloy.r. -

lEST RESULTS 

Fammarization Fliibts • Prio~ to ~nductmg the tests outliiled in Figure I the two FAA pilots flew 
familiarization· flights in the simulator. - - · 



Mr. Filler i$ type rated in the B727 and haS flown FAA certification test flights for after market equipment 
·. in the B737. He flew a takeoff; traffic pattern circuit; and lanc:fing with the left engine fai)ed at V1. · He 
. judged the simulator .to 'be typical of many be haS flown but less sensitive In low· altitude roll/yaw. 
coupling than one ~737 training simulator he has floWii. During his flight, the ~w and Mr .. Ingham 
attempted to"sort out the auto pilot program.ming~ and although its altitude hold function did not work 

. properly~.it was judged to be wo~g adeqUately. "for its intended use in the rudder" trim runaway tests 
·. (1.1 0, 120, and 1.30). · · · · - . ·· · · 

. ·. 

· · : Mr. Bollin is~ rated in tlie B747 and bas .ai~ .flo~ the B737. -He intended his familiarization flight to 
· also be a ~eft pattern circuit froQl. takeoff to Iandirig With both engines running. After a normal takeoff"a 

left tum was oiade to crosswind and, paSSing throUgh 1400 feet AGL and an airspeed of225 KIAS in a 
clean configuration, the CDR Team members in the simulator control room asked the Boeing technician 
to insert an 1m8.nnounced "rudder hardover." However, instead of mserting a :realistic rudder malfunctic)n, 
the ~ing sOftware technician inserted an iri.st8.nt8neous aerodynamic-equivalent of a 26° right rudder .. 
deflection (rudder bias). ThiS rudder bias increased to 34° as sideslip peaked. This ~suited in an initial · · 
slight roll left and moderate right" yaw followed by a violent roll right (66°/sec) and increasing right yaw . 

. _Mr. Boliin responded with initial right wheel (1 sec after the event) followed by full left wheel (within 
_3112 sec. after the event) and full left~ (withql31/2 sec. after the event). Left pedal had no effect 

. . sine,e the rudder was biased aerodynamically full rlsht with no blow down function or ·stop to limit its .
travel. Wi~ 6 ~nds after ~e event the right roll had peaked at no degrees, pitch attitude was 33° 

·. nose do~ altitude was rapidly decreasing, and Mr. Fill~ ~ked ~I think we crashed." At this point, 
.Mr. Bollin relaxed rerovery controls and the simulator did "crash" 5 seconds later. - . 

. . . 
This event, unfortunately, was very unrealistic, although the crew SUiprise factor was ~istic. Maximum 
rUdder travel is limited to ± 26° by aCtuator travel and to appro·ximately 12° by aerodynamic binge 
moment (blow down) at 225 KIAS. ·Also, maximum rudder actuator travel rate is about 63°/sec in terms 
of rudder deflection with no load. -The pilot inputted hardovers flown in the simulator had average rudder 
deflection rates of appro~tely 40°/sec. Therefore, the iristantaileous' rudder was approximately twice 
the realistic deflection that sho~d have ~uired about o·.3 seconds to reach full traveL Then the-model 

· allowed the deflection to increase even further as· sideslip incrCased, resulting in a deflection of about 2 · 
1/2 times what is realistic for this airspeed. N~ real conclusions can be drawn from this event. As will be 
noted later, rapid pilot respo~ is crucial to successful recovery fro~ mo~ 'realistic rudd~ hardover . 
scenarios. 

. . . . . 

After reSetting the simUlator just outside the otrter ~er. Mr. Bollin com~leted his f~iarization flight 
with an uneventful approach and landing. His comment was that the simulator felt like a typical simulator 
and not like ~ aiipl~e in all_ respects. · 

.. 
. ~-
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Dutch RoJJ Characteristics 
. - . . .· .... ~ .. ·-

. . · . •"- . .. 
· . . . . 

After the.low altitude familiariZation m&hci, the s~~tor waS reset tO FL 350, qujse Mach =:74, an~ 
both pilots performed rudder doublets to observe the siniulators/airplane's Dutch roll characteristics at 
high altitude, yaw damper on and off. With yaw damper ON the observed response was very highly 
damped with one or two small «;)vershoots·: . ~th-yaw damper OFF, the response was damped; cycles to _ · · _· .. 

. . 1/10 8mplitud~ were ~proximately 7 giving ··~ing to critical damping ratio of approximately .05. . 
· - The characteristics did not change at M=Mmo ·and the simulator was not difficult ·to fly yaw damper off. 

Dutch ro~ frequency~ ~proximately 0.3 ~yCies/sec. _- · · . ' · · · · · . · 
. · ' 

· .. · 

'. 

· .. . > ·. 

,· 

. . . 

: . 

· .: 

.. 
:; 

' · .... ··· .. 

. . 
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Rudder and Aileron Trim RunawaYS (tests· 1. i 0 thru 1 ~3·1) · I 

. . 

. ·: . .. 
-.These tests were devised to investigate whether a rudder or aileron trim ~~Y that was co~teracted by 
· ·autopilot aileron input co~d result in a 5evere upset maneuver following an inadvertent autopilot 

· · . disconnect or an ·intentional ~nnect by aii inattentive pilot ... . ·, I • 

.. :.:. : • • ' : I · \~·.;_~~REsULTS ·.. . . 
. . I 

RUN CONTROL TEST ALTI11JDFJ MAX. MAX. . MAX. Remarks 
SURFACE VELOciTY ROLL ROLL VER:r .. 

· .. 
.(KIASorM) 

.. 
RATE g's . . 

6 R '· 1.10 350/.74 55° 300 I 2.0 HANDS ON 
: SEC RECOVERY. 

7 R . 
' . 1.10 350/.74 65° 30°/ 1.9 HANDS OFF I 

SEC RECOVERY; 
' ' 

PELA YEO RECOGI I ... 

8 . R 1.20 .. 61250 45° 15°/ 1.4 HANDS ON 
SEC RECOVERY 

9 R · 1.20 61250 6Qo 10°/ 1.7 ... HANDS OFF .. 
'• SEC RECOVERY .. 

" 

. 10 A · 1.21 61250 75° 28°/ . 1.65 NO DELAY 
SEC 

11 . 
A 1.21 61250 I 0 65° 28°/ 1.6 NO DELAY 

SEC 

12 A 1.11 . 350/.74 I 100° 440/ 1.6 RECOVERY AFTER 
SEC 60° .ROLL 

13 R ., 1.30 6/120 35° 13~/. 1.25 3 SEC DELAY, 
•. 

SEC AIL~RON ONLy . . 
'• RECOVERY . . 

14 A 1.31 6/120 '600 . 22.0/ l.SS RECOVERY AFTER 
I - SEC . 45°ROLL' . ' .· 

AILERON ONLY ' • ' 

15 A '1.31 6/120 . 65° 220/ -4/- HANDS OFF .. 
I 

SEC +1.8 IN1TIALL Y, THEN . 
. ' 

RUDDER 
' .. .. 

ASSISTED · : . 
RECOVERY 

. : .. . . . 

. ·, 
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The aut~ pilot was Used for th~ rud~ trim runaways. Full iudder trim always resulted in a heading and .· 
roll depattUre. Delays refer to delayed ·rerogxiition, not delay after autopilot discomiect. The autopilot 

. was disconnected for recQvery, hands on and hands off as noted ThiS maneuver was more severe at high 
altitude because of aircraft instability and aileron sensi~vity ·with large sideslip angles under these flight 
conditions. The lower ·altitude, lower Speed tests. were easier to control. . . ·. ·. . · 

. Ail~n trini. ~wa;s with the a~pilot ~~were. simuiated by ~pilot holding the wheel to 
· ·maintain heading until~ trim bad been appli~ ·Then the pilot released the wheel to simulate autopilot 

disconnect and ~vere.d. upOn recognition With' no detay: The high altitude maneuver in this test was 
easier to rontrol than the rudder trim ninaway due to the lack of rudder induced sideslip even though the 
roll rate and roll excursion' were higher. Again, ~e lower altitude, lower speed ~_pOints more easily · 
recovered, even though one of these tests }x>ints produced the ·only significant negative (less~ 1) 
~leration obserVed prior to reeovery. Usc of rudder aided reeovery from ~e aileron runaways by 

· reducmg the adver_se yaw pre~nt with aileron only recoveries. · 

None of these~ (~dder tr¥n or ailer~n trim runaways opPosed by the' autopilot with subsequent 
discOnnect) resulted iii loss of control or potential loss of control of the aircraft. They did, however, 
require prompt recognition and pilot response aftCr autopilot discori.O.ect to prevent excessive (perhaps 
hazardous) b~ angles from developing.. · · ·: 

. . 
Steady Full Rudder Sideslips and Rudder Hardovers ITest:i 2.10 thru 2,41) 

These tests were design~ t~ camp~ roll (aileron/spoiler) ~d yaw (rudder) control authority in steady 
heading sideslips and to determine aircraft/pilot ·response to a ~dden full pedal rudder application. The 
pilot not flying inputted tl)e simulated rudder hardover by putting one pedal to. the floor as f~ as possible 
and holding it to the floor. This resulted in rudder deflection rates of approximately 40°/sec as compared 
to no-load hydraulic system capability of 63°/sec. 

· No delays other thaD recOgnition were·applied to pilot response to the sudden rudder inputs becailse these 
~euvers were felt to be so Violent that no pilot would delay recOvery response by more than recognition 
time. As can be 5een by the roll rates and angles produCed, further delay could easily resUlt in roll angles · 
in the inverted ~ight regime. . . 

All steady heading sideslips resulted in sideslips with full rudder and Some aileron left for roll/heading 
controL · . . ·. . · · . . . · 

' · 

.• 



RESULTS 

RUN TEST ALTJ MAX. ~ MAX. 
v ROLL . ROLL(l) VERT. 

' ' RATE G'S 

16 2.40 ' 6/120 1~12°. 50°,whCel -: .: ~: ~ ·. · ~·· .. ~ 
.. · · 

17 2.40 6/120 20° i4°/SEC .• _.J_to 
. ' . . ' 

' ' +1.2 ' 
. ' - • 

19 2.41 6/135 100 50°wheel '. --
20 2.41 . 6/135 4QO 22~/SEC NIL 

21 2.31 6/190 10-12° 15° wheel ' 
' . -

22 2.31 6/190 ' 62° 32°/ SEC +1.6 ' 

23 230 ' ' 6/190 20° ' 25° wheel -
24 2.30 · 6/190 ' 65° · 34°/ SEC -.3 to 

-- +2.4 ' 

25 2.20 ~ 61250 20° 40° wheel -
' 26 2.20 61250 60°. 42°/ SEC 1.4 

21 ' 2.21 6/250 20° 45° wheel -
28 2.21 . 61250 62° 39°/ SEC 1.4 

29 2.11 -- 350/ JSo 50° wheel -·. 14 . 
30 2.11 ' , 3501 . 65° 41°/~ 1.5 

.74 ._ ' . 
31 2.10 3~0/ 15<> · _ 40° wheel -

.74 . . ' 

32 210 350/ 900 '_ 58°/ sec -.8/+2.2 
· - .74 . - . 

. . 
Notes to SHSS and RH Results Table: 

(1)_ This column is deirees of wheel rerynaini~g for.SHSS. 

(2) This column is steady sideslip for SH$S. 

MAX. Remarks 
SS(2) 

' ' 

14° STEADY HEADING 
SIDESLIP (SHSS) 

18° (3)RUDDER 
HARDOVER (RH); 
EASY RECOVERY 

130 SHSS 

16° (3)RH 

100. SHSS ·-

14° (4)RH 

)20 SHSS 

14° (5) RH . 
.. 

7Q SHSS 

no (6)RH 

70 SHSS 

10° . RH-not quite benign 

60 SHSS-airplane 
sensitive 

too (7)RH · -

, . 

. 70 
\ . SHSS 

no (8)RH 
' 

. . 

(3) Pilot comments _that it "took a minute" to figme out which way tO input opposing aileron control due 
to initial roll rate and lateral ~leration in the opposite' direction of the ultimate depa$fe 'With _initial 

. ru~der input, before sideslip builds and dihedral effect predominates. . 



. ' 

( 4) very slow recovery - full op~itc. wheel held' for 14 seconds before roll re~ed ~ wo; 
commensurate heading change was 80° and yaw rate went' from 11 °/sec to zero during this time. 

(5) At this eoudition.(light/aft. flaps l, 11o KIAS) rc(;ov~ from ya~·~ ~ ~oubt; full opposite wheel 
stabilized the roll angle at 42°; but the yaw;rate illso stabilized .at 5°/sec; B.irSpeed ~decreased to 17~ 
.KIAS is the pilot recovered to his initi8I pitch 8ititude; then the nose Wa.s lowered again, airspeed · .· 
.increased to 190 KIAS +;roll angle rettirneci"to 15° in the opposite direction and yaw rate reached zero; 
this sequence of eVents lasted 35 seconds and 180° ofbeading ~bange i'eSulted; full opposite wheel was 
applied for the entire period from 2.5 seconds &ftcr the bardover. · . . · ·.· . 

. (6) Roll recov~ ~~ yaw o5c.uh.tion.with 4. ·~nd Perlod ham tO~ out ~thout pilot induced 
osc~on (PIO). · ·. · · · 

(1) Altpl~e is quite· unstable· ht this cOndition (heavy/fwd,· 350/·. 14M) with a lot of sideslip; bard k, stay 
·out ofPiO With ailerons. . · . · · ' · . · . · · ' · · .' · · · . · 

. . . ' . ' 

(8) Mr. Bollin flew this test; his technique was to take the .hardover more "hands off' than Mr.' Filler 
which sometimes 'resUlted in a slightly greater initial excmsion; hi~ comment Was that the roll was "quick" 
and "is the yaw daniper on?" It waS tiuned on. but we do not know if it is effective with the rudder held to 
·the floor. With roll rates this high, quick pilot response is necessary·to prevent going into the inverted 

. flight regime. . . . : 

. Lack ofRudder!Ail.eron Feel Force crests tiO thru 3,21) 

· ' -_ . ' 

These tests. ~ere desiined to detennine any hazardous eff~ts of los5 of rudder/aileron feel force due to a 
.f.8ilure in the feeVeentering mechanism: · Also, an attempt w~ 'made to determine if any qf these failures, 
such as the failure of <?De of the two redUndant feeUcentering springs, could be latent. . . - . . 

. · , 

All the fliibt conditions shown· on the test plan in Figure 1 were flown. Simulator pre-programmed 
random turbulence, cha:racterizcd as "beary" but judged by Mr. Filler to be light, was added for alll/2 
feel force tests. · 

·' 

. . 

The two pilots shared the piloting tasks sufficiently during this test senes so that each pilot could. make a . .' 
qualitative judgment aboUt all the conditions. The basic ~ stability and control characteristics 
influenCed ~e test resultS.a.S woUld be·e~ Namely, the high altitude i.ests, where the aircraft is · 

. ·more unstable (sensitive), provide(!' easiest recognition of the malfunctio.n and more control problems in 
the case of 0 rudder f~l. The lower altitUde, lower airSpeed points were more benign. . . . . . . . . 

· .. 



In gCJ;lCI'81, the iesults were as fo~o~: 

1: 1/2 ailet'9n f~l ~pleasantly light" arid would be hard to recognize as a fail~. Thus, potentially, this 
fiillunds latent . · . _·, . · · · 

.' · . 2~ tti rudd~ f~l~ easier to ~~--bUt Stin.nught be ~atent if only obse~~ at l~w attitude ~d· 
. · airspeed. Control with 112 feel was not ajuobt~> . ; :· · ·. . . . · · . 

' : . . . . . . . . ' . :-• . - . . . . 

. 3: 0 alleron feel W8S Ustially reco~}e, although the simul~or still had some t?Cntering force and 3 

· break--out detonate at ·wheel centered Control was again not a problem. 
• • ' ' ' • • I • • ' I • ~ ·, ' • • • • • . ' • 

4. n rudder feel produced a 'condition similar to a pilot induced' rudder hardover, since once displaced 
there was no return until the pilot recognized the condition and centered the rudder by sens~g when his 
feet were everi. ~ such it was not only recognizable a5 a failure, but produced a definite eontrol problem: 
especially at high altitude and ·airspeed. ·1n the simulator, there was still a recognlz.able detent at 'the 
centered position. an4, ·if n~ nidder input was made, the rudders stayed ~ntered. · 

. • • I 

Control with SpoUers only after Aileron Jam (tests 6.10 thru 6.13) 

' . 

. ~.: 
-· ... 

.This test was ~tended to in~estigate the difficulty in. aircraft ~ntrol after aileron or pilot side control jams . . . 
at 1/2 and· full aile~onlwheel defection. The sirriulator force/feel system was set up to duplicate the wheel 
fo~ produced by flying the a.Uplane with the e<rpilot's wh~l throUgh the aileron transfer m~hanism. 

. However, in the simulator, .both wheels were operative and felt the increased force. 

As coul~ ba~ebeen.~ticipated Perth~ design force .gradient vs. wh~l deflection c\u-ve, this was a very 
d.i.fi:icUit t8.sk. The desig1;1 force gradient vs. wheel deflcetion curve is linear over ranges, but 
d.ise:ontinuous,. and predicts a 20() lbs force requirement ~m stop to stop. 

-Current FAR § 2S.671 (Amendnlent 23, 4-8~70). req~ that the airpiane be capable of continued safe 
flight and landing after any failure, combiiiatio.n ,of.failures, or jam in the flight control system not shown 
to be extremely improbable, within. ~e ~oni:tal ~ght.envelope, without requiring 'exceptional pilot skill or 
strength._ Ho:wever, jams are specifically referred to as those occurring in "a control position normally . . 
·encountered duririg takeoffclinlb, cruise,·normal turns, d~nt, and landing." .The B737 did not have this · . 
version of the rule in its certification basis except for system changes unique to the B737-300, 400, and · · : .. 
500, with respect io the -200~ H~wever, Boeing eontCnds that the same philosophy (jams only in 
normally encountered control p<)sition.S) was followed for tJte -100 and -200 in showing compliance with 
FAR§ 2S.677(c) that requires trim capability ~-a failure in the.primary flight Control system. Since 
jamming of~ primary system will disable the trim sy~· an equivalent safety findiilg was made to 
allow. the use of spoiler control through the transfer m~banism to substitute for trim capability. Also, the 
use of spoilers through the transfer mechanism was used tO show compliance with.FAR § .25.695(c) · 
which requiles that jamming of the power cylinders (power· control units) must be considered unless thiS 
fail_ure is extremely remote. . 
Although not tested in this s~ulator exercise, an. ~eron jam near neutral or within what Boeing eonsid~ . . . · .. . : 
a con~l position "normally encountered" is probably.flyable by the copilot through the aileron transfer 
mechanism. However~ jams outside this iange where we conducted this test produce control forces almost 
impossible for the pilo~ to manage~ · · · · · 



Results: --
: · ·. · 

An the test conditions were flown with both 1/2 (aCtuaJJ0° to }4° ofail~n deflection) and full (actual 
199 to 20° of aileron deflection) aileron defleCtion jams. The "112" jams resulted in recorded forces 
oscillating ± S to 10 1bs. about 7 5 lbs., i.e.J 70 to 80 or 65 to 85 lbs., as the pilot tried to fly the airplane 
-after recovery frqm the initial condition Where ~jam was ins:erted Th~ ~fun" jams resul~ in 
oscillations from 75 to 100 lbs., i.e., 87 ±_t2Ibs;, for tlie same conditions. Because the other pilot could 

. help through the other wheel in this simulation. (thO~ not in the real airplane case), flight and landings 
· were attempted with both pilots on the wheels. -rms· \:Ws m.Srginally successful, and it did not red~ce the 
force on _each pilot's wheel for a given detlecti~D. at 1~ according tQ.the ~ · .· . 

.... 
· ·: - ' 

·._ . Then~ ~t of this ~vestigation was th8t, ifthe.force ~ents were reali~c as cl~ed by Boeing to 
_be applicable to the real airplane, flight under these conditions was extremely difficult, tiring, and likely to 
result in loss .of control of the aircraft. The'particular flight condition (configuration, speed, altitude) did 
not 5eem to.make much-difference. Again, high altitude flight was most difficult due· to reduced stability. 
AlSo, the prospect of flying the aircraft to a sticcessfullanding from high altitude was in doubt because of 
.the high physical effort required for a relatively iong period of time: (See "Recommendations For FAA 
Action," Section 15. R~mmendation -8).. · 

One technique found to be useful and necessary for extended duration flight under these conditions was 
the use of rudder against the jammed aileron: Differential thrUst might have helped-but wasn't tried 

· because the pilot was too occupied With both hands on the wheeL . . 

: FliiJlt with One or' TWO Spoiler Pan~ls Up crests 7. 10 throUih 1.17) 

These tests were planned to inveStigate the control problems and/or control power lost with one or two 
spoilers stuck up. The tests were fl_own as pl~ed (Ref. Fig. 1) except in reverse order (7 .17 to 7.1 0). 

Results 

The test re~ts ~ere somewhat uneXpec~ but predidable upon reflectioa The asyuimetric lift or roll 
. input waS easily corrected by opposite wheel inPut .in all cases;· although. Mr. Bollin's hands off technique 

·of taking the initial malfunction did result in a 25° roll.with the initial spoiler application for the 190 
KIAS, flaps 1 ease. Steady heading flight requiTed about 5S-60° of opposite wheel for 2 spoilers up at · -
250 KIAS, clean, ·and no ~deT input. · · · · 

The predictable aerodyn:amic ~t, -though a surprise for the pilots, \vas the .loss of ~rformance 
_(increased drag. loss of lift) caused by flight in this ~nd.itioD.. The failed up Spoilers on one side had to be . 
counteraeted by both ailerons and raised spoilers on the opposite side. This amounted to. flight with speed 
brakes up plus aileron input. The· loss of peiformance was d.Iamatic in all cases. and increased pilot 
. workload considerably. High thrust and ~gher than nor:mal angle of attack was required to maintain 



· desired flight path. One 4S0 _bank·ronm:g ~euver with a 10() overshoot (to·sso bank) with on~ spoiler 
up resulted ~ autoslat deployment The landing configuration, two spoil~ up, malfunction was flown to 

. . · a landing and resulted. in a hard ianding. · · . .·· · · 
. . . .· . : . 

.. . ; .·.· . . :.,;-.. ·· ·. 
. ' 

1'hC coriciUsi~~- fh>m· these ·tests ~ that th~ ~ctions· were ~ily c<>ntrollable from a rQlling moment 
consideration, although exactly 'what bad h&J)pened might be a little difficult to a.sce~ without looking 

· ·· ·out the passenger windows at th~ wing. ~ilot ~ for this malfunction would be a definite asset l.n 
· handling it. ·(See "Recommendatio_ns F:or FM Action,·" Section 15. Recommendation -19) . . 

. - . . : .... :' . . . . , 
Opposite rudder and differential thrust to alleviate some opposite sP<>iler.deployment would probably be 
a useful technique, although ~s was not thoroughly investigateA. · 

·, 

Rudder Hardovers with Speed Brakes De,ployed (Additional Tests) 

. . 
Tests 2.10 and 2.11 (Lt/Aft and Hvy/Fwd, 350//74M) and 2.30 imd 2.31 (Lt/Aft and Hvy/Fwd, 190 KIAS, 
Flaps 1), which were the most critical test cases for rudder hardovers; were reJ>e:ated with speed brakes 
dej>loyed prior to the hardQv~r. Steady heading side slip~ were not flown fust ~use the rudder 
hardover resulted in a stead~ heading sideslip after control was regained. 

·, . 

; 



,• . . ~ . ·-

Results: 

Run Test Alt.IV. . Max. ·--
Roll -

: 
--

59 2.11 3501.14 600 

61 2.10 3501.1~ 70° 

.63 2.30 6/.190 55° 

64 2.31 . ·6/19Q 50° 

Max. Max.-
Roll .- Vert. gs 
Rate . ·- - -

. - .. --

50~/sec .·· ·-.6/+1.35 

47°/sec -.71+1.9 

30°/Sec -.4/+1.95 

29°/sec +1.6 

MaX·. ss 

so 
100 

14° 

130 

Remarks 

(l)RH 

(l)RH 

(2) RH . 

(2)RH 

I 
.t 

(1) Th~ tests were eomparable to their ;iPeed brake down counterparts but were judged to be slightly· 
more sensitive. -

(2) These events were v~ comp8rable to their ~brakes down· counterparts. Recovery tune and 
heading clwlge for test 2.30 (Lt/Aft) was less than for.the speed brakes down test due to pilot technique 
that never let airspeed get low.· -

. - . 
The net result of the speed brakes up rudder hardover tests was that s~ brakes didn't make much 

· difference. After the i.O.itial recovery, speed brakes were lowered and asymmetric thrust. was tried on t~st 
2.30 (run 63) to try to reduce wheel deflection and sideslip. This was partially successful; flight idle 
thrust on the "dead" engine (d~ foot, dead engine) reduced average wheel deflection from 65° to 45° 
and side slip from 11.0 to 8°. - . · .· · _ · · , · · 

· 190 KIASI Flaps 1. Rudder Harclover Additional Test 

An additional test Was added to investigate the reSult of slowing the aircraft to a flaps 15, airsPeed = 
V REF IS + SK, piepal-atoiy to ianding configuration after undergoing a rudder hardover in the 
configuration/condition of test 2.3 L · · · · 

. , ' . . 
The ~t of this test wa.S that the airplane responded with no unUsuaL or peculiar, characteristics during I • 

this reconfiguration and slowing. ·One observation was that large bank angles (>45°) produced a 
I noticeable over banking tendency.· Also, differential thnlst to reduCe wheel angle and side slip was less 
effective at flaps 15, VREF 15 ·+ SK =16Q KIAS.· Flight idle thrust on the engine op'Posite the rudder 
hardover reduced wheel angle from about 45 degrees to 35 degrees and side slip from 11 degrees to 8 
d~. 

.· 

·=· 
:. 

- .,; 



. . . ~ . 

, I 0 o 

· ... . . 

I 
· l 

These tests w~ planned to investi~~-th~ ·ci;~trc;l difficulties reSul~g from ~etricalleading edge . 
devices and trailing edge flaps. Three leadiQg. edge deVices ietracted on one side with flaps extended have 
been sUccessfully flight teSted. Tests ·Wer-e plannCd iri this configuninon, progressing to a maximum flap 
asymmetry o~ 8 degrees ~ !4J;llted by the 8symmetry. ~tection, and finally resulting in manual reversion 

· .. with loss of A &. B hydraulic "systems; HoweVer~ the siniwator would only 8llow one leading edge device, 
· the #2 Slat, v4rich is SUppOsedly ·the WOrst case~ to be SmlW~ retracted Also, manual reversion was not . 

possible with the simulator ·configured as tested. Therefore, the test was eonducted by starting at 210 · 
· KIAS and slowing, cpending flaps at app:roximaiciy the normlli maneuvering spee4s. At the ~ flap 
extension, flaps 1, the #2 slat ~ failed in the retracted Position ~d re~~ there: 

. . . . . . . \ . . . . . . . . 
Flaps were extended to 5 degrees~ then 1 5 ~egrees, and the landing gear was lowered. As flaps were 
commanded from. 15 degrees to 30 degrees~ the 8 degree flap 3symmetry was inserted and flap extension 
stQpped a.tapproximately 25 d~gr~. For. each configuration, flapS 1, 5, 15, and 25 degrees plus, the 
aircraft roll asyminetry was investiga~ as aiispeed was reduced and angle of attack was increased to the 

. point of a sharp roll-off which, in the simulator, occ~ coincident with or just before .stick shaker 
actiVation. Very little effect of either the failed slat or the flap asymmetry was noti~ prior to initiation 

.. - of the roll. After the roll-off, a normal stall recOvery With more than adequate roll and yaw cOntrol was . 
accomplished. This completed tests 8.10, 8.11, and 8.12. As explained above, tests 8.13 and 8.14, loss of 
hydiauli~s, coU:Id not be accomplish~.. · .· ·· · . . - · · . ·· · · . · 

the simulator wa5 then reset to a flaps 40, gear d~-wn, c'<>nfigwation with the #2 slat ·retracted and airspeed 
· ·.at 130 KIAS, approximately V REF· Airspeed ~ the~ decreased and .angle of attack in~ tmtil a 
· roll-off in the direction ·of the failed slat occurred. Stick shaker activation occurred at a wing angle of 
. attack of 17 degrees. a5 .roll angle .passed· through 25 degr~s and roll rate peaked at 20 degrees/sec. A 

normal stall recoveeywas accomplished. Maximum roll ailgfe reached during_ recovery was 50 degrees 
and ~um sideslip ·angle wa8_18 degrees. This completed tests 8.15 and 8.16. · · . . ~ . . . . ~ . . -:.• . 

... :_. '\ .. -
. .. ·. 

The essential reSults of these~ was that ihe failuie:of one leading edge ·~tat to ext~nd upon flap 
extension, alone, or combined with a flap asyminetry llinited to that permitted by the flap asyminetry 
protection system, had very little .~ffect on aircraft flight c~eristics until angles of attack very near the 
stall were atta.Uied. .. ·-· · - · · ·-: ·. · ' -· · · · · · - · 
CoNCLUSIONS . : .· , :. ·: . · > ·~ . . · ·.·: · · · ·. · · .. ·= ·. . 

~: . . 

(1) R~/ Aileron T~ Runa~ys ~If the :autopilot ~ disconnected 4tJlands off" after a full · 
displacement trilD Uiput, the~ roiled rapidly (13 to 22 degrees/sec at lower speeds and 30 to 

. 44 ~sec at higher speeds). Pio~pt pilo~ ~on was· required topre\rent excessive (>60°) 
bank angles from developing. : · · · · 

· (2) Lateral versus DireCtional cOntrol Power Including Rudder "Hardovers" - These tests basically 
confirmed Boeing's co.niention that lateral control bas more roll authority thaD does the dihedral 
effect from full rudder mputs for flight conditions tested. In the flaps 1, 190 KlAS condition lateral 

. control also predominated, but_ recovery fro~ a rudder "hardover" was slow and required precise 
. . . 

. . . 

.~ . . : 

; - ;:-

.- · . . 

· _ .. · . 

.. 
'.·· . 



·. . . 

. . .... ~ 

pilot ~n~l-of resulting -pi~hl~-Pro~pt pilot ~nse wa$ required to prevent ehtt~ th~ 
inv~ flight ~gime at~~ ~~tude/speed. _ 

(3) Flight with Zero or One-half Allcron/R:Uddcr F~l Fo~ ~- Failure of ~ne ~ring (112-feel) in the 
feel and centeiing mechanism in' eithQ. 'axis Was judged to be difficult for a pilot to ~gnize in . . . 
flight ·and potentially latenl ZerO feef n; the lateral axis was reeognizable and control was not·a 
probleni. zero ludder feel waS rcro~le but Produced a control problem due to iack of rudder 
centering. ·Pilot inputs resulted in C:onditi~n.S similar to partial or full rudder bardovcrs. · 

(4) O;tntrot with Spoilers Ocly·~-~ s~~:~ ·Pil~r~ side Body Cable. I~~ With both Ailerons 
jammed at the displacem~ts tested, tO tO 20 degreis, flight · With pilot (copilot) input through the 
aileron transfer mechanism \Vas extremely difficult, if riot impassible, due to th~ high forces , · 
lietHsary'. Control of the aircraft eould be regained, but long term flight to a successful landing Wa.s 
questionable due to pilot_ effort required and &tigue: .. )·.. : · · . , . . .. ' ,, ' . . . . . . . . . 

. (S) . FliSbi with ~e or Two Spoiler Pan~lS Stuck Up on the Same Side - Roll control In these flight 
· conditions wa5 generally not a problem. The additional pilot workload factor Wa.s the loss of 

.-· peiformance due to increased drag ana loSs of lift onee the mBlfunciion was countered with opposite 
· Wheel. The landing configuration, tWo spoilers stuck up, maJfunc~9n was flown to a landing arid 

resulted iri -a bard Ian~. . -: . 

(6) Flight ~th th~ No.' 2 siat R~tracted ~d Flaps .Extend~ fucluding Asymmetric Flaps ~None of 
these malfunctions presented a control problem until angle of attack was increased to near stall. · 
Then a s!Wp. roll-off in the airCction of the i-etraetCd slat OO:Um:d 'aimost coincident with stick · 
shaker activ~on. A. normal stati recovery regailled aircraft control. · · . . . . 

0 A 0 0 0 ... ,• ;. • 0 ,. 0 

- .. 

' Th~ data resul~g rroin tin~ s·hn~at~; e~~i~ ~Ii.sists of~·vid~--~ .ofthe· simulator's·computed 
outside view animation o~the ~s motionS with the coCkpit area microphone~~ speaker on the 
audio channel pl\Js'thc digitally· recorded data parameters listed in Figure 2 . . A printout of these 
parameters versu.S time waS proVided to the FAA and that data plus the Video/audio tape formed the basis 
for this report. The data 1.s on file with the Boeing Company and is identified as "FAA Audit Simulator 
Sessi~n, ~~v~bef 17,'1994." · · · 

' · 

. . · .. . 
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SIMULATOR TEST PLAN· 8737 cDR TEAM · .. November 11; l994 
• • o ' o ~ • • ' ' I • ' 

TEST . TEST . . . . CONDmONS . COMMENTS 

No. Test Dcac.-lpttoe WT/CG .· MN HpiOAT : Coaflc. -Flap, Gear, Feel Fora · · Pliot Actloia 

1.10/1;11 Rudder/Aileron Trim Runawa~ . , LT/AFT CRUISE 350/SID · CLEAN . . Disconnect with and 
' · 

1.20/1.21 Autopilot engaged . ..: . LT/AFT 2SOK 6000/STD . · CLEAN wlthout·hands on 
' 1.30/1.31 LT/Af:T . . VREf · .. : 6000/STD LANDING.F30 •. .. .. .. 

2.JO Lateral vs. Directional · · LT/AFT ·· · CRUISE 350/STD CLEAN Oppose diRcti~! . . . . 

2.11 Contiol Power; Steady · ·. .HVYIFWD ... . · .. . . . .. bardover with lateral 
• . 

. •' . 

1ldeslip 111d dynimie tnnsitlon cOnlrolllld vfc:o.versa; . 
i 

2.20 LT/APT 250K 6000/STD CLEAN · 
... ·-.. 

HVYIFWD. .. .. . .. . Paform clyDimlc: 2.21 . .. I 
. . 

2.30 . . LT/Arf · l90K · · " . . Flaps I, Ow Up maDMer.na ctetennbte . 
I 

. . . steld)t:~Up-mament . 2.31 HVY/FWD " ... .. . i ., 
; 

. . ,. .. . .... . 
2 .40 LT/AFT · VREF 

.. LANDING ' • ! ; : ~ . .. . . . . . . . _.- . . 
2.41 HVY/FWD .. .. 

' 
.. . . 

3.10 Flight_ w/o direCtional · LT/AFT CRUJSE . 350 CLEANilfl R feel . QualfEitively .· • 
3:11 or lateral feel forces " .. " .. , 10 R feel . . mlulle aircraft . 

3.12 .. .. .. . • llfl A feel comrolJability with · .. . . 

3.13 to .. " .. • 10 A rect reduced 10 aileron .. 

3.14 . " 2soK.1 6000/STD .. 1112 R feel or-rudder feel 
I .. . . 

3.15 .. . .. .. • 10 R feel r~ I .· , . . 
3.J6 .. " .. .. llfl A feel 

. . i 
3.J7 .. " " • 10 A feel · ' . . . --· 

3 .18 
.. .. 

VREF 
.. LdgJlfl R feel 

3.19 . II .. !' II /OR feel I . ' 

3.20 
.. . .. .. " . llflA feel 

. 
. . . . 

3.21 
.. .. .. .. lOA feel . · ... 

. . -

Q) .· . . .. : .. .-. .. .. ,1 .... 
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SIMULATOR TEST PLAN- cont'd 
.•· 

'DST TEST : CONDmONS. , . . COMMENTS . . ! 
• I 

NO. Test Dacrtptloa . . WT/CG . MIV . , . ·.. ·: . . Hp/OAT . . C011R1o Pllp, G,ar, CG Pltot Aettoa 

4.0 .. . Simulated Rudder Bus . . · · · ·· · · . 1 · · • Deferred pntil i 
. . . . . ' 

I Bar and Cable Pal~ · - . · · .'. · · . . . . · later . 

5.10 . Lateral axis iutopilot · · ·· High w/delta . Mmo ·: :. 3SOIS1D · CLEAN/AFT CO . · . . Recovery after : . · . . . . . . . 

5.11 . . harc:lovers w/o fOJCe· · .. . . L T/AFT ' .V mo . . . · : · ': :-_ Knct/SID CLEAN . lppi'Opriate delay · . . ' . . . 

5.12 limiting . . LT/AfT. · . .' 2SOK . . ·· .- · . · ·. ~> · 6000/STD CLEAN · ·. . · · / . . . . . )' . .. 
5.13 ·. -. · . · LT/AFJ' 190K ·· .. 6000/STO . Flapsi,OearUp · : .· ... , 

• • " • ·~ I ' · ' '• ... • ·, • · .., 
5.14 · · . LT/AFT · VREF :. · :. · . . . 6000/SID LANDINO ·· . -·" < : · . 

6.10 Control with spoilc:" . . , HVYIFWI>_ . CRUISE. = 3!10/SID CLEAN ... . ;·::. , . .- Dotenaine lf- . ._ 

6.11 . · · only wl~ ailerilns .. . . . . . . ·· ... ·. ·... 2!iOK · . _ - 6<H;)O/SID · CLEAN · .. .. . c0o~lls possible . 

6.12 junmed@ 112 and full . . .· . " · · 190K 6000/SID Flaps·t, Gear Up . ·. . . 

6.13 deflection . " .. . · ·_ . . " .. VREF -~ · 6000/SID LANDINO.'.· . . ·: .. · 

./ 

~ . . 
'··' . . , . . ; . : ~' .. :" .. ·• ·: 

o ,I • 

.:.:· . . · . . j; . . 

.. 

-~ 



TEST 

No. Tat DacriptJoD . . 
7.10 . · F!lght with one/two ,-, . 

7.11 spoiler panel; stuck 

up on ttui same side 
. . . . 

7.12 . . ; 

7.13 : .. 

7.14 

. 7.15 .. . .. 

7.16 
' , ' " I 

7.17 

8.10 Fli&ht with asymmetric 

8.11 . LE & TE deVices -· . 
•' ' 

1.12 . progresslna to manull . · , 
. . ' . . 

revenkm • starting 
,. 

. • ' 

8.t3 a1tiiU~e/OA '( Is .. 

6000/STD for all 
. . 

-
8.14 tests 

. . ' 

.. 
1.1.5 

. . . . 

8.16 

@ 

. Sll\flJLATOR TEST PtAN - ·co.~tt'd · · 

.. . WI'/CG . 

HVYIFWD 

" 
.. 

" 
. . " 

" 

" . 
. . 

. " . . 
• .. 
HVYIFWD · 

• .. . . 

. " 

. .• 

" 

.. 

.. 
-

I ... . 
,\ :' .~. 

. 

. TEST . 

MN . ·.· 

. CRUISE . 

" . . . 

2SOK 

"· .. 

190K 
.... :· .. ... 

VREF ·. 

" . 
•' .... 

Flaps l 

Flaps 5..· .. 

FlapsiS . . 

'· 
, . 

F1aps2S 

.. 
" · 

Flaps40 . . 

YsTALL 
-

. . . ·,. ',. 

· · ~ONDmON 

Up/OAT 
I 

Coaflc. Fl•p;ISiat, Geu 

350/SID • CLEAN, I SUp 

" . " , 2SUp 

6000/SID CLEA~,I SUp 
' .. ... 'It ,2SUp 

.. . . Flaps I, G R Up, IS Up . 

.. .. . ··" : .2SUp .. 

• · Ldg, I .s Up · · · . . 

" " · ,2 SUp \ . 

VLE Flaps 1, 1Slai_Up· 

VLE . .. . Flaps S, 1 Slat Up . ' . 

Vts · .. Flaps lS, Gear On, . . . 

1 Slat Up: r.4.J.ck~rn/ .-. 
travel Flap uym 

VREF . · · SliDe as above, 

. . "B" Hyd. Sys. llnop. . 

• · same u above, 

+"A" Hyd. Sys.linop. 

VREF · . Flaps 40, Geir Dn.,. 

1 Slat Up 

same as above 
-

/ .... 

' . 

PllcKActtft . . 

.Determine if .. 

c:ontrolls ~ible ; 

· . 
. . 

. . 

.. . . . . .. . 
... . . . . • ' . .. 

:' ' . ' .. 
:: .. . 

'· ·: ./> ;\:_,-:::,;·.: ··· .. ·. . 
Qualltatlwly .. 

'MJD.te cMtcufty · · 

Ill· aJimft control • . 

.. J • 
· ' 

. . 

' . . -· 

. . , . 



Paiameters recor<I:~ For ~737 C.DR T~ Simulator Test: 

. 1. Roll Attitude, Pitc~ Attitude, Heading 
.. 

2~ Roll, Pitc~ and Yaw Rate 

3. Vertical •. Lateral, Longi~. Acceleration· 

4. ~,CAS, ~p, Oat . . . . . . . . . . . 

. s .. · . Co~trol Whee~ Oispl~ent and Fo~ {Pitch ~dRoll) 
6. Rudder Pedal DisPlacement and Force 

7. All Control Silrfaee PositionS 

8, LE Device andTE Flap Positions · - · 

9. ~ Trim Positions (.~ctuato.r or Surface, not Swi~h) 

I 0. Angle of Attack {Wm~ o~ B~y with Conversion) and Sideslip Angle 

: 11. .A Thrust Parameter for ~h ~gine (N 1 or Thrust) 
. . 

.12. Ya~ Dam~ Control Signal or Resultant Rudder DisPl~ment Separated from T~tal Rudder 
Position · 

13. Autopilot pitch and roll engage discretes 

. / 

·' 

: :· 

:.. 

. ~· 



. .. . ., -·· 
I . • - · . . . : ~ ·>/> . APPENDIX 6 

.. -: ; ·-· 

SERVICE liis'JORY -·coNTiNUED OPERATIONAL SAFETY REFERENCES 

•' .·. -~ · ·. _·: ._ . . ~ . . ··· . ' -~·:~~ ~;i/::: .. ~' .. ::·.-: ' . . . . . . . .. ·. . . . . 
. . Jhc foliowiDg tables lists ilU Airwo~))ir~ves· (ADs), Boeing Service Bulletins (SBs) and Boeing 

Service Letters ($Ls) rmewec:t by th~ TeiUiCJ)e_i.nitiallist Wa.s compiled from a series of index~ in . 
- .. which the subject matter may have beeD relevant_iO'tiic deSign review. . .: . . .. . 
:· ~ : ~ . :. " - . · . . ~-- . .: -·. ~ .. . . .- _: . . ~ -~· ... _ -:.~ : .· '":·: :'{ :: ~-~I"·.· ~ .-.~ -~ . . . .: ·. .. . . . . 

Service Letters and S~ce J)ullctins. irC main1f8ciure:t's generated documentation issued for airline 
.··customers. Service ~ typiCaily c:Onvcy ·-geDCral info~on, i.e., to discuss field 'problems ~d 
. highllght infoiination"afi-eady"exisiing or Scheduled to bC incOrporated in existing documentation; to' 
notify operators of intereharigeability or future SPare p8rt nUmberS of equipmen~ which have no effect on 
·aircraft safety,· perfo~, mai.Uiainability 8nd reliability; tO notify operatOrs of changes in matenal . 
finishes~ protective coatings, etC •. Setvice Bulletins, which 8re an amendment to the type design, are 
typically isstiC4 ~ CoVer modifications to the ~ engine, or accessories; substitutions Of parts when 

. the parts are noici>mpietely interchangeable both functionally and physically; Conversions frOm one 
. . "'. . ~e model to another, etC.· Issuance of Service Bulletins may be. the re·sult of product improvements, ·. 
. · -~ · • · safety issues or customer requests. Inc:Orp()ration of Service Bulletins are not mandatory unless required 

· .. by an'Auworthine~ Difective. (See "Recommen~ons for:FAA Action" Secti<?n IS. Recommendation -· 
25. -26). -_;. . . . . ·.: . . . . . 

. . ~ . . : ~ . . . , 

. · ., . 
~ . . . ~ - .. :: .= 

. . . ... s~~· Difncul~.i~~· ~ -~e~e;a~ ·fit;~ o~ra~rs who. are reqUired, by reguiation, to report on 
cer_tain mechaniCal ~screpancies. Jn addition to the· SPeCifiC mechanical irregularities specified in the 
regulationS; operators" are alsO direct~ tO repart on any other failure, malfunction, or defect _in an aircraft 

. : ·that occurs or is detected at anytime it: in its opinion, that failme, malfunction. ordefect has endangered 
. or may e.ger the safe operation of an aircr8ft used by it Because opinions of w~t may constitute 
endangerment of the .safe opetation of an. aircraft differs from openrtor to operator, the data base for the . 
SDRs may not fully reveal the. eXtent-of particular problems or a lack thereof. In addition, ~ese repo~ 
are not verified for ~uracy_and the ictual ~repancy·anci corrective action may not match the repOrted 
discrepancy and Corrective actio~ i.e."" a "report¢ nidde~. h&rdov~ may. if fact. have been a yaw damper . 

. hardover. Because the accuracy ·of the d3t:a base iS .riot verifi~ this information· was used primarily as 
indicators" of potential p~biem areas.· . ; ::· ·. . . :::: .<. : ·· · .: . · 
.The ASRS ~a proSram ~~ini·~ b;·$e ~~~nal Aeronamies and SPace A~stration (NASA) and 
funded by the Federal Aviation Administration (PM). ·· The ASRS callectS, analyzes, and responds to 

. . voluntarily subinitted aviation safetY.incident reportS m"order to lesSen the likelihood of aviation . .. 
accidents. Pilo~ mechanics, ground persOnnel, or otherS mv6iv~ in aviation operations" submit reports 
to ASRs wh~ they are involved in, or.observe:·an incident or situation in which aViation safety. was 
compromised. .· . · · . . · .. . · · . ... 

·. 

.... : ·"~~ 

. ~ ·_: 

. • · .. :·= . ...... . '::' 

.: · . :·· 
·· - • ' .. -

' • • or' , 

·· .... -_; 

-... . 
. : . ·--~ 

. . . 
; . ~·· 

. :~ 
·::· .-~~ 

. . · ·. '·!' 

.· 
. ·~ 

(iJ 



-·IADr 
94-01-07 

93-01-27 

91-09-17 

91-0S-16 

90-24-04 

AIRWORTHINESS DIRECTIVES 

IADSUBJECT . ~ .. ~- _· : . . I REF SB/SL 

RUDDER ACTIJATOR PISTON SL 737:-SL-27-828 
.. •, .. 

·,· ' :-~ :.:_(: Sl;' 737-27-1185 

FLIGHT CONTROL CABLE SB 737-27·1164 
GUARDS . .. - ' -- ·,_. :-·>: ·: ,. . . 

873~-300 FLAP TRACK BOLTS SB 737-57-1202 
.. 

MAIN LANDING GEAR 
AC1UATORBEAMARM . ... 

OUTBOARD FLAP FITIING 
ATI ACJ:IMENT · · 

.. . . 
$B 737-57-1212 

SB 737-32-1224 

SB 737-57-1206 

90-17-20 . LOSS OF THE OUTBRD FLAP SB 737-57-1079 

88..{)7-04 ·_ ·. HYDRAl.!LIC SYS, BRAKES, 
NOSE WHEEL STEER 

SB 737-32-1202 

86-18-04 . SELF-LOCK.INO NUT TORQUE . 
INSPECTIPN . - ' 

· .. 

80-07-02 fLIGHT_ CONTROL SYSTEMS 
. ·.·· . . 

.. ··: 

. • . ·-

. 

I COMMENTS 

Hitting cables 

I 
-~ 

-200 Flap track bolts 

Installation ofMLG 
brake metering-valve 
tire burSt guards. 

. • 

Rudder :MPCU servo 
valve by Fortner 

I 

·.~ 

... 

: 

. . 

... 

' .. 
' ::: 

·.i:' 



\ 

AIRWORTIDNESS DIRECTIVES 

[~' · I AD SUBJECT .· •. .... ·.. . . .. . ·:·I REF SB/SL . . I COMMENTS I 
90-10-SIRO .. . S~ARATIONOFOONTROL . ·. 

~pection 
WlffiELFROMCOL~.~:~ f:·~ ~ ... .. 

; .. 

80.26-51 CONlR.OL SYSTEM JAMMING SB 737-21A-1109 Pitch Axis. .. .. 
(ELEVATOR)-'BOLTS . · ~-.~ <<:: .. .. 

: 

80.22-12R2 LEADft'lG EDGE DEVICES . ~ ~ .. SB 737-31-1038R3 . ' . 

·76-11.05R1 
' 

CONTROL SYS~ VIBRATION SB 737-SSA 1 020R3 Loose elevator tabs 

76-01-03 8737-~00 FLOOR BEAMS SB 737-53-1044 

75-24-09 GROUND SPOILERS .. 
SB 737-27-1080 

75~5-01 REPLACEMENT OF ARV AN ' .. SB 737-27-1073Rl Applied to only a few 
·. 

CABLE. PULLEYS early. mode is ' 

69-12-06 AILERON TAB MAST FITilNG SB 737-57-1040 .. 

B737 FLIGHT CONTROLS . 
- . ' . 

BOEING SERVICE BULLETINS 

.I ~uLLEJ1N # ' .. I DATE ' . ·. I SUBJECT . .. :~ ·.. ··:: ' .· :. ; "; ' ·I COM;MENTS 
. . 

737-27-1164 
.. 

09/13190 . . . ELEVATOR CABLE GUARDS Pn?mpted by incident - plastic . . 
. . . . , . . . . . guards melted due to APU . · ·- ~ . . '. -. . . . . ... . '' · ' . . . .. bleed air . ·. .. ... . .. .. . . .. 

737-27-1155 10126189 . AILERON TRIMICENTERING Degraded aileron feel due to 
/ • MODIFICATION· failed spring. . . 

737.:.27-1154 . 08/25/88 AILERON AND TRIM PULLEY Only -300 Seri~ 
BRACKET · .· .. · 

' • ... ' .. ' .. 

737-27-1145 11112187 RUDDER PISTON CAf 
REPLACEMENT· ' . . 

737-27-1135 07/10/86 . AILERON CABLE IDLER S aircraft . 
.. 

737-27-1134 07/11/86 
.. 

AILERON TRIMICEN'I'ERING ; 

· . ' ~~s~· . . . . .. 
.. 

737-27-1127 lOflS/85 RUDDER MPCU COVER PLATE 

737-27-1125 
. .. 

03/08185 PLASTIC CONTROL CABLE GUARD 

737-27·1091 . 02/02170 YAW DAMPER REWORK 

737-27-1081 1211on6 GROUND SPO~ VALVE CABLES 
' 

737-27-1080 11121n5 GROUND SPOILER AcnJATOR Affected -400 series aircraft 

737-27-1075 OSflon$ RUDDER PEDAL ADJUSTMENT MOD. Cable iSsue 
' 

. . ~ ' 

l . 

· . . 
.. -~~ 

·. ·_:~~~ 
. -. - ~ ... ,. 

' I' . • 

" 

I .·:.<:. 
; ·-·:. .. :: . 

' 
:~-

. :" 

· ·.: 
' 

..:r . ..... 
. . ~·t. 

. -~-

• . 
. .. 



I BULLETIN# 

737-27-1125 ' 

737-27-111 ~ 

737-27-1112 

737-27A1109 . .. 
'. 

737-27-1107 

-
737-27-1101 

. • .. . 

737-27-1099 .. 
.. 

-

737-27-1094 

737-27-1089 
' -

737-27-1060 

737-27-1058 . 

737-27-1055 

737-27-1053 ' ' 

737-27-1052 

·. 

- B737 FLIGaT CONTROLS 
BOEiNG SERVICE BULLETINS 

I 
- ~ 

I DATE _- --- I sUBJECT _ ·. I coMMENTS 
03/08/85 . CABLE GUARD INSTALLATION 

06124/83 AILERON ACIUATOR HYDRAULIC 
lUBE_ ASSEMBLY REPLACEMENT 

02/26/82 FLIGHT SPOILER Aqt}ATOR MOD. Ooe spoiler "stuck" up. 

12111110 ELEVATOR CU_lNPtrrROD ' .• 

ASSEMBLY ATIACH BOLT 
' . 

' - Alert BuJletin . 
' ' 

INSPECTION .. 
05/08/81 RUDDER NOSE FAIRING INSPECTION 

&MOD.·. 
.. 

.. 

02/01/80 STABILIZER TRIM ACTUATOR · .. - AD issued ·. .. 
TORQUE TEST. • ' . . 

·• 

10//12179 STANDBY RUDDER CONTROL' MAST 
FfiTINGS WEAR PLATE 

" INSTALLATION · -·-

12121ns FLIGHT coNTRoL POsmoN s~SOR , 
.. 

iNSPECTIONIREIDENTIFlCA TION ' ' - . 

I 

07/07ns RUDD~RACTUATORATTACHMENT 
' ' 

' FITilNG REPLACEMENT : . ' -
08/02172 RUDDER PRESSURE REDUCER AND 

RELIEF VALVE INSP/REMOV AL •· 

I 

oJtton 2 AILERON GEARED puM ASSEMBLY 
COVER REWQRK -

tonsnt RUDDER RIG PIN HOLE REI,.OCA TION 

10/28/71 RUDDER ~M ACTIJATOR DRIP 
SIDELD INSTALLATION " . . 

o81'2on.1 B~G-RETEN110N SLEEVE . • ' . .. 

REPLACEMENT " 

I 

.. 

. 

·-· 
" 

. ·.• . . 

... ~ 

. , 
. :.~ 

. . ·~ 

. •, 



. - . 

737-27-1073 . 

737-27--1064 -
' . 

737-27-1063 . -.. 

737-27-1061 -. .. 
. . 

737-27-1043 
. - . 

737-27-1033 

. . 
737-:27-1026 -

' 

-· 

737-27-1025 ._. 

737-27-1018 

737-27-1017 

737-27-1013 

737-27-1004 

• 737-27-1001 

-- BOEING SERVICE BuLLETINS 

0211ons 

RUDDER PCU INPUT LEVER -
REVISION -- --~- ·· · .. 

.. 

09n.&n3 RUDDER PCU YAW DAMPER, 
ACTl!~ TOR. STROKE REDUCTION 

031).3n3 , Ali.ERON CONI'ROL WHEEL DRUM 
SWIVEL JOINT ATTACHMENT NUT 
INSPECTION/REPLACEMENT 

06/0&nO - . . RUDD,ER PEDAL CRANK BOLT -

02/13170 

ot/tsnt - -

/ 

04130169 

0'2125/69 . -

' 

11122/68- - -

06124168 

04/02/68 

11/09/67 

REPLACEMENT . 

LATERAL CONTROL SYSTEM 
1RANSFER MECHANI~M MOD. 

REPLACEMENT OF EXISTING 
RUDDER FEEL AND CENTERING 
UNIT ASSEMBLY WITH NEW Ai.r.;" 

- MEC~GALUNIT :. . -

AILERON TAB ROD REPLACEMENT -

SPEED .BRAKE CABLE PULLEY 
BRACKET MOD . . 

RATIO CHANGER ASSEMBLY CABLE 
GUARD REPLAcEMENT 
RUDDER AUXILIARY PCU SHEAR PIN 
REPLACEMEN"r -· 

.. 
.. 

FORCE TRANSDUCER ~OR 
MOUNTINGBRACKET~ATION 

RUDDER PEDAL .ADJUSTMENT MOD . 

~ . . 

\ -

I 

High forces 

-. 

. ~ ;,• 
··-~·-

. ~-~ 
• • ;r 

·. 



-.~ 
. ' . ·_ -~.: ...... ' 

_: B737FLIGHTCONTROLS _.-· 
.. ; .•_' 

. BOE~G SERVICE LETfERS 

ILETIER# - . . I 
~ -7_37-SL-27-91 . 07/12194 RUDDER.PCU ALTERNATE CHECK. · AD 

·. PRoCEDuRES ·/ . ..... - · .. .. . . . .. • . .. - ' ~: . - . --. . - . ~ 

737-SL-27-83 OS/06193 RUDDER PCU DESIGN IMPROVEMENT AD 
. . 

•. -
13 7-Sl,;27-82-B 07113/93 RUDDER PCiJ ANO~ . . . . . 

AD .. 

73 7-St.27-71 A 06/19192 
. 

AILERONIELEV ATOR PCU FLoW . .. . . 
RES'P.u.CI'OR FILTER SCREEN -.. 

' - CONTAMINATION ·. 
. . . 

737-SL-27·57 .. 12/0.S/89' · RUDDER FEEL AND CENTERING UNIT . 
- LUBRICATION . ' .· 

·- . -. . ' . 

737-SL-27-Sl-A OS/03193 · AILER,ON/ELEVATOR POWER CONTROL 
/ 
.. 

UNiT INTERCHANGEABILilY . . -
. 737-SL-27-50-A 06122/88 RUDDER PCU AND YAW DAMPER COUPLER 

.. 
INTERCHANGEABILITY ·• '" ·-

737-SL-27-48 09n.J/87 ' RUDDER TRIM AcnJATOR DISCREPANT ~ 

- . . 
OPERATI~N 

.• 

' 

737-SL-27-46 08106/87 . .. AaERONFORCELThfiTMrnC~SM 
·\. · . .. 

~~OyEMENT . . .. ~ 
. . - · . · . . 

737-SL-27-40 03131186 UNCO~ED TRAILING EDGE FLAP -
L ... 

·, -. . ; MOvEMENT . . 

737-SL-27-35 08129185 UNCOMMANDED LEADING EDGE DEVICE 
~SION lHROUGH STANDBY SYSTEM 

. . .. 
. . 

737-SL-27-30 04/01/85 : AIT..ERONIELEV ATOR AND RUDDER PCU . . . . 
CYLINDER BORE REWORK. . . 

737-SL-27-24. 06/28/83 RUDDER CENTERING uNIT LUBRICATION . . . ' . . - . 

737-SL-27-16 08/25/80 FLiGHT CONTROLS, RUDDER, TRIM .. . . . - ···- . -· . ' . 
' - - CONI'RO~'ACfUATOR LUBRICATION .. 

. . .· -- ' . · -· 
. ,~· 

7l7-SL-27-1S 0111011() FLIGHT _CO~OLS, RtJPDER, POWER UNIT,. AD ' 

OVEIQIA~ DISCREPANCY . .. -
737~SL-27-ll 09asn9 ~GHT CONTROLS; RUDDER, JACKSHAFT . . 

INST, CONTROL ROD, BENDING 

737-SL-27-07 06108n1' AIRCRAfr CONTROL CABLE . . . .. -

737-SL-27-04 . 03to7n1 AILERONIELEVATOR_PCU ·AUTOPILOT ; 

ENGAGE MECHANISM BINDING . . 



--·· 

BULLETIN# 

737-29-1069 

737-29-1064 .: ·_. .. . • ' . . .. ~ ' ·. 

737-29-1062 

~7-29-1037 . . 

737-29-1031 

737-29-1030 -
' · •' 

... .. I 

· • • II 

: . •, . ' . ' 
. .· ... . . . ~ ·- . . 

·. ·: · B737 HYDRAULIC SYSTEM 

. BOEING SERVICE BULLETINS 
• . 

-

DATE 
. . . 

' SUBJECT · · _;. · · · ·. ' . . ' :- . . ·: !: ' 

1012$185 RUDDER_~.C.OVERPLATE 

06/10/93 HYDRAUi.JC .POWER. P1U SYSTEM. REPLACEMENT OF OUILET 
~ . . ' . . . . . . . . . . ~ ~ . ' PORT CHECK VALVE AND 1UBE ASSEMBLY : . ' . .. .· . ' . 

'02114191 - . 
' ·HYDRAULIC POWER -PRESSURE FILTER MODIFICATION 

12101n9 .. HYDRAULIC RESERVOIR P~SURIZA TION SYSTEM 
MODIFICATION :,:.- · :.:'. ~~ .: - ·.: ~ · .. \ · -·. ·_ · .. -

' 
.. .. . . . . . . . . . . .. 

01/16176 . HYDRAULIC SYSTEM HEAT EXCHANGER CLAMP REPLACEMENT . - . 

10124nS HYDRAULIC SYSTEM LOW fRESSURE WARNING SWITCH .. . .... -' ... REPLACEMENT .. .. ' . . . ' .. .. : .- -
· _· · BOEiNG SERVICE LETIERS 

. · ... 

. . 
·· -

• "!, • • . 

. . . ::t$ :: ~· · : . . '. ~-~~ ... 
''

' -. . .. . . ' ~ 

I LETTER# . . : -1 DATE . -- I SUBJECT . . . . 
- . 

.I coMMmrs , -: · <:;: 
737-SL-29-S o3to3n'J 

.. 

737-SL-29-4 . 0211sn1 · ·· 

737-SL-29-3 ... . ·tott4n6 · .. 
737-SL-29·2 

. . 
. 1)8106176 . 

' -. 

737-SL-29-1 04n.2176 -

f -

LEITER# . . DATE .. 

737-SL-29-50 . 01110/91 .' 

737-SL-29-46 11114/89 ... 

737-SL-29-37-A 11118191 : 

737-SL-29-30 01125185 
.. . 

737-SL-29-18 06106179 

?iT-SL-29-1 S 091'28f7.i 

731-SL-29-08 04/t9n7 

737·SL-29-06 : o3101m 

ID OF HYDRAuLIC SYSTEM COMPONENTS MOST RudderMPCU 
FREQUENiL Y REMOVED FOR INTERNAL LEAKAGE at top of list . . . . . ,. - . . . 

BMs 3-ll HYDRAULIC FLUID ·sTArus 
.. 

. . . . .. . 
HYDRAtiuC FLUID USAGE 

. . 
-. 

CONvERsiON OF llYDRAULIC FLUID FROM . . 
STAUFFER AEROSPACE ER 

. . 

-
.RECLAIMED HYDRAULIC FLUID ·. 

S~JEqT., :::,.;-__ ~ · :·_: . . ·: _..'>.· .·>:~ ;_ -:~ ·.• , ' 

BMS J..ll HYDRAULIC ~UID-PURIFY .. . 
H.YDRA~C PO~.;_ ~AL LEAKAGE CHECK INTERVAL 

CORRoSION P~OTECllON FOR-HYDRAULIC. COMPONENTs 
~ . ~ . ~- .. ~.. . ' - ' ' . . 

WATER ACCUMULATION IN 1llE HYDRAULIC RESERVOIR .AiR 
PRESSURIZATION.i..INE AND FILTER ·:· . . : 

: 

. HYDRAUUC POWER. GENERAL.· HYDRAUUC FLUID, EROSION, TEST.· 

HYDRAUUC SYSTEM CONTAMINATION ' -
STANDBY HYDRAULIC SYSTEM INTERNAL LEAKAGE CHECK . . . 

PROCEDURE 
.. 

' 
.. . .. .. 

HYDRAUUC SYSTEM-" A" Fll..TER DELTA P INDICATOR BuiToNS . 

... . .. . 

. ~ ... \o : . 
. . ' . .. ;~_ : 
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- , 8737 AUTOPILOT 

. ' . · ' •, ._::_. :--. . . . 

BULLETIN# 

737-22-1112 

737-22-1074. 

. 737-22-1072 

737-22-1069 

737-22-1062 .. 

737-22-1042 
-.. 

737-22-1033 

.. . 131-22-1025 
. . 

·. 

737-22-1020 

. 
. ~ .. . .' 

.. · 

LETTER# 

737-SL-22-30·. 

73 7 -SL-22-20 
•, 

737-SL-22-10 

~37-SL-22-09 · 
. . 

737-SL-22-02 

737-SL-ll-01 · 

BOEING SERVICE BULLETINS 

DATE . . ·SUBJECT _: --.\ -~:- :_ ._. ·. 

06/18192 EMI EFFECTS 0~ YAW DAMPER 

ltn.7/SS . - YAW DAMPER DECREASE IN AirrnORI1Y 

01117/8~ ADDffiON OF WIRE IN YAW DAMPER · . .. 

08101185 YAW DAM;PER AU1HORI1Y n.lCREASE 

09/16/83 AUTOMATIC ltiGHT CONTROL SYSTEM- AUTOPILoT 
~- -ACCESSORY UNIT- STABn.IZER TRIM FUNCTION MOD. 

07/01/83 

03/12/81 

AUTOMATIC FLIGHT CONTROL SYSTEM- RWDER POSmON 
SENSOR REMOVAL 

SP-177 AUIOPILOT ACIUATOR AUTIIORITY REDUCTION 

o6IO?I80 · _- SP~l77 AUTOMATIC FUGHr CONTROL COMPUTER 
· .. REPLACEMENT . . . - - .. . . 

05/16/80 YAW D~ER COUPLER-REPLACEMENT · · 

---B737 AUTOPILOT ·- .·-.. 
·... . . . ~ .. . . . ' 

·· ., · · BOEiNG SERVICE LETTERS 
DATE .. St,JBJECT .. 

. . 

12/13/91 AUTOMATIC PILOT- FLIGHT CONTROL COMPUTER PIN 10-620384 

11120/87 . AUTOPILOT DISENGAGEMENT AS TRAD...ING EDOE FLAPS 
_TRANSffiON TO pR FROM lHE UP POSffiON 

. 05116/8(; AUfOPILOT STABILIZER TRIM SERVOMOTOR REPLACEMENT . . 

OSIOSi86 AUTOPILOT DISENGAGEMENT AS TRAILING EDGE FLAPS 
. . . ·~ TRANSmON TO OR FROM 1HE UP POSmON 

08124/81 . : AUTOFUGHr, A~Pll...OT, C1L WHEEL S~ER, DETENT FORCES, 
: EXCESSIVE . . . 

' ·. 

03/Jtn6 DELETION OF SYSTEM A_YA W DAMPER AND AUfOPILOT . . 

.• 

.- . 
. . 

. . ,, 

~, 

. .,.. 

, : ... 
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AVIATION SAFETY REPORTING SYSTEM REPORTS 

·. 

1bc B737 CDR Team ~ucsted all Aviation. Safety Rcpo~g.Systci:n (AsJtS) ~rts addressing B737 
'(all series) lateral and directional flight contf9l ~aces~ The ASRS is a program administered by the · 
Natioaal Aeronautics and Space A.~o~ (NASA} and funded by the Federal Aviation · · 
Administration (FAA). The ASRS collects, ~ and responds to voluntarily submitted aviation 
safety iDcide.nt reports in order to lessen the likemiooct of.aviation _accidentS. Pii~ts, mechanics, ground 
persoo.ne~ or others i:ovolved in _aviation operation.S Subnut repo~ to AsRS when they are involved in, or 

· o~~, 8n ~i~t or _sitUation in_ which aviation safety ~compromised: ·_ 

Tiie ASRS datSbase is a public iepositoey ~ch ~es the FAA's ·and NASA's needs and those of other 
·organi.mions world-wide which are engaged in research arid the promotion of safe flight. ·The FAA 
guarantees not to use. ASRS information· ag~ reporters in enforcement actions as 8n incentive to report. 

. A.SRS reports identifY Syste~ deficiencies and isSue. alerting messages to J)ersons in a ~sition to correct 
them. ~RS's·databaSe includes.the narratives "submitted by reporters (after they have been ~tized for . 

· . personal identifying details). · · ' · ' · 

The Team rece.ived Sll reports available since the inception ~f i\SRS ... on January 1, 1986. Accor~g to . 
, NAS~ the reports received by the Team contained some McDonnell-Douglas MD80 reports due to the 

· .. · ·limitation of the database to identify B73 ?~specific reports. The .Team coll~tively allalyzed each ASRS 
report and iden~fiedlel~t~ the MD-80 re~rts bas.ed on info~tion contained in the narratives. 

The ·folloWing analysis was made by the Team: . . .. 

DirectiOnal Axis (Rudder)·-
- .. 

Total Reports R~ived 

Non-B737 RePortS ·.- "· . 

25 

.;:2 

Reports Considered ; : . 16 

. . . . . 
. \, 

... . 
Synopsis ~vie~ and ~rting of the ieJ)orts yielded the following: 

#of Events . . . ~rtcd IssUe 

11 · · Rudder trim runaway (tWo confimled. inadvertent switch 
aCtivation events) . . ~ .. . :· . 

. ' 
3 Yaw damper ~malies · . 

2 Rudder pedal adjustmen~ mechaniSm malfunctions 
.· 

In all ~ ~ght was contrOllable and a ~e lan~g ~ made. A rcvie~ of the reP<>rts indi~ted that 
yaw damper anomalies occur frequen~y and are a safety concern of fli~tcrews. 

. .. 
. : 

l 
. .-... .. 
\ 

. ·.' 
.. : ·~-
. ' 

. . ... ~~: 
· .. ~-~ 

· -.: . .; . ·~ 

.· 
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' 
Latent Axb Jncludin~: Hip ~ift Devim (Ailerons, Gro~nd and FJi~:bt SpoileD, Flaps, SJ~ts)-

. . . 
Total Reports Received . . . 15 _J . _· : 

Non-8737 ~eports :22. ·. -. . : 
. -

· Reports Cons~~ S3 . :. ~ : 
... . . . ::~ .. : . 

: 
. -~ . . ?· · .. 

Synopsis review and ~rting of the reports yielded the folio~: 
·. . . . 

# of Events -Repo-rted Issue 
. . 

' 16 . ~onal errors (not 'related to design or hardware) 

• 11 

6 

s 
. . ·. 4 . 

2 . 
:_1 

-~ 1 
' 1 

1 

1 

·} 

1 

I' 

1 

. . . 
Flap positi~n indicator eirc~t breaker p(>pped 

. ' Flaps would not e,dend on aj,proach · · 

~spoiler lndicator m:dnmctions .. :_ · 

·_.:: ~Split~" ~et~·y~ctfons 
· FlaPs would -~t retraCt after takeoff .· .· .·· . . . ' . 

· :~ "jammed" a.i 2 ~egrees 
.. : ...Yib~on~·detected during flap .exfension 

·· Ground spoilerinotor nialfunction 

·. Gro~d ~il~ ~tuator hydtaulic ime failure 

· iamined aileron &xe· to frozen water at altitude . . . - . 
Aileron cable failure · .· 

. ·." Abnorin.al" 8ileron deflection . . 

Aileron tiim tab failure/separation 
.. 

'Hydraulic system B faill.ire . ' . . 

.. 

. In all cases, flight was· ~ntrollable and a Saf:e ~ding Was made. So_me of the ASRS repo~ 
· provided evidence 'for p'otential Jams in, the ~ con~ls of the B737. One of the jams was reportedly 

caused by ice formation at alti~e after' ground operations in the rain. Another was due to an aileron 
cable b~king. . . 

,. . ; ; -.. . ·· .. 

... 

-~.·· 

-· 
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. ·.. · O>R TEAM~ REPORTS- . 
. " . - . . . . , .. . .. 

- ·.· .· :.':..-,:' . . 
- -: •• • . ;'! . . 

' · 

i . MANlJFACTURERANDREPAIR.FACILrrYVISIT-: '.'. ·: ;.: . :· 

· : · . ··I) TRAM co. ;Th~ Team·~~bers .visi~-~iiJM6o, INC.~ ~ ·ov~rha~ facility located in Everett, . . · · 
· · ·- Washington. '~CO is aFAR Part 14S .ReP&ii S~On ·&n<f conducts regUlarly scheduled heavy 

. ~tenance-~hccks on the B7;37 ~~ other.~e--tl&nspoit categocy aircraft. 'J1le purpose.<?fthe visit was 
·to look at in-~ce compollen~ to obServe the condition of the parts and to familiarize the Team 
. members with the actual airCraft hardware. In additio~ the Team interviewed TRAM CO employees to . 
·get their views on flight control· system. iri.-servi~ histoey and problem ·areas. · . . ; · · 

The T~ cond~~ted icl'o~ ~ODS o(B737 aircraft in V~OUs ~~s of ~bly. Location, : . 
. orientation and spatial reiatioilships betWeen the Various hydraulic, electrical and mechanical components . 
. of the flight control syStems were reViewed a.D:d'noted. The' fUnction ofyarioUs flight control system .· . 
COJ:tl~nents :was <?bserved. · · .. . .. . , :·:' ~ ·. · · · · · 

. . .' ~-T~ was provided access to t4e hydraulic_ component ~_facility~ _In this facility, the Team met · 
. : with the techniCians who did th<? . actual tear down, repair, :reassembly and te$t of the hydraulic . 

. : . . _. c:Ompone'ntS. Specific C<?mp(,nents that were exammcd we~ the B737 aileron and rudder PCUs . . These 
. . components were examined in detail, ~eluding the filters: bypass valves and servo valves.· Potential jam 

·- ·areas where moving components bad close· wQric41& cl~ces or where compte~· mechanisms were · · 
. ·. difficult to inspect were identified. The:aetuai physic:al c~teristics'(sizc, surface finish, fit, etc.) of the 
. . . ~teriw hydraulic compOnents w~ obServed. These ex&minations resulted in additional "questions for 
. · · · Boeing dcsip engin~rs ·or hydraulic companent .manufac_turerS. · . · . · · · · · 

. .. ,: . . - - . . . . . .· . . . 
(2) PARKER HANNIFIN. A Team representative visited Parker Hannifin Corporation COntrol.SyStems 
Division in Irvine,' Californi~ on December 16, -~ 994 to ·~uss various aspects of the B 73 7 rudder PCU. 
Perso~el CC?ntacted were Bill Simmo~ Steve Vfeik, and Shih-Yung Sheng, all of the Controls Division 
Engineering Staff. ~any jtems and issues were diScUssed.. The foliowing is as~ of the discussion 
~d findings: . : . . · - : · . .. · ·· · · .: · · · ·~ · . · 

' . (i) PCU d~~p~o~: ~d functi~~ Th~ u;~inal sniri~ing' ~e ~(the ~t is o.f Co~~entionaf design and 
arrange11:1ent exCCJ)t 'it _is all redundant exeept tlie·walldng·bcapL However a secondary.(or gtound) spring 

. . · provides a redundant Iinbge ·pivot to effecti,vely ·pro~de rCdundancy _for the beam. No single failure of 
. ariy linkage el~ent can res!Jlt iii a _hazardous con~tiori.. The oper8tion of the yaw damper Was reviewed 

· · with an eye tow8rd determiriing any possible ~U:le mode that coUia .resUI~ in a surface deflection in 
excess of3 degreCs_.' The mod piston_stroke.control$ the--damper input.to the linkage: It bottoms out hard 
mccbanicany· at the 3 degree mpUt. . It IJ)pears.that ~y an miS8~bly eould ~use an input Jargei than 

. the 3 dcgreCs. It is believed that misas5embly would be_detectcd_during the Acceptance Test Procedure· 
(ATP)~ A copy of the linkaie diagram ·depicting dimensions, displacements, and forces. was proVided to . 
the CDR Team representative. · . . · · - . : · · _· . . . . · · . . · . . · 

The dual concentric servo .. valve. assembly in the B737.rudder PCti was invented circa I96o. It has a. 
primary Slide and. secondary slide with.aCtive strokes of +.045 in. each. The total stroke of both valv~ 
with ovemroke capability is .±().11 0 in. The valVing iS balan<;ed with 1500 psi. nominal p~ at 
neutral. The slide friction is 8 _oz. maximum for each slide. The ~ndary slide bas ·centering springs 
equal to 10-12 # at the slide centerline. . . . 

·. 
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The primary slider is fitted With.a-bias ctimj>ression spring that 'applies a re1ract preload to the slider. 
Parter· indicates that 'this was Boeing ~Uirement to load out free play in the linkage and improve the 

·.closed loop frequency responSe. · -. ·. : ·~:;··-\~ -;;.:· .. .-; .·. :_. . . . . . . , . · 
. : ~ - . . . - . ~ : . ' . . .... _ .. ; ··-: :-~.'~--;~~ ~·::-; [. -:-:. -~ ~- . _·· ·. : . . - . . . . . ._ 

: A brief review ~fthe linkage Jdilematies-arid·the·Boeiitg Specification for ihis unit~ conducted with 
.. Parker Engineering. It 8ppem that the chip ~ force that can be appli¢ to the valve centerline by 
the pUot can be _is low as about 37# based on 'il;l~ requirements of figure 7 of the ~pecification Control 
~ 6-~~-L· : ~; .. _··\> . . -~~ :,·. :.-· _ _._· . ~-.: ; ··::·;_· ... ':;~,~;~;>;~ :;_:.?~: ~·::·:_: .:_~· <:_. ·:: ... :. :· ... ~_ .''i~ · ,··_. · : .·_ .· · ~ . . . 

if this is correct it wo~d ~significantly tes5 that Boeing-Engineering b8s p~viously indicated. In 
&ddition it was ~dicatC4 tq the CDR Team itpresentative that Boeing conventionally requires a chip 
. shearing capability of 200# along the val,ve centerline.. Parker is cuirently designing ~tuators . containing . 
. direCt drive valves tbirt.evenhave·a chip shearing Capability of80#. . . . . . . . 

~ PCU conaun's ~-fu~ ~1~~~, -~~~at 6 ~~for .the sy~~ A and B·_Ullets and one rated at · 
1· gpln for the yaw damper. Filtration rating for both is ·1 0 micr~n nominal and 25 ~cron absolute. . . 

fli) .~i ~ c~g~ . . The -~d~ PcU desi~ ~all Oil~oein~ ~per, how~~er, th~ valve aSSembly is ·. -:.-~----~~~ 
· :. ·.on Parker~ and is considel:e:d to be proprietary tO Parker. The prod~ction valve assembly P~ is · ·:., . :::,~; 

68010-5003. This is the assembly that can, under adverse.tolerilnce conditions and with a primary slider . ... ~:~ 
jam, result in 8ctuator omput reverSal. The Parker Service Bulletiit 68010-27-162 replaces this assembly 
. with the 68010.5005 ~r -~007 assembly. The -5005 is~ by simply replacing the spring guide and . . . -•. ' ·. 
other componentS in the_ .. 5003 assembly. The new part then becoi:nes a matched 'assembly. This could . ····.:;: . 

. cauSe a problem downstream during overhaul if co'n~ucted by other than knowledgeable Parker staff. · The · . · ··.,".::_-<· 
.. . . -5007 is a totally. redesigned Unit' with dimensioning and tolerancing differences' to ensUre that output . .. ' ~- )~ . 

reveisal_cminot occur .. Parlcer baS incorporated aCceptance test pr~ures to check for J)ossible valve . . . :~-:~ 
overtravct'in.botb the valve asSembly ATP and in the PCU ATP. . . , . . 

(ill) Aileron/Elevator PCU design hiStO~- The aileron/elevator P~U with the integrated ~~topilot 
· .function vias 'originally designed and built by National Water lift. However the current version 9f the PCU 
is ~cated by Parlcer and the~ autopilot unit is built by the Montek Division of,P-Sysiems iii Salt . "' 
Lake City •. . : · . ' . -- . . :: . ::: . . . ,.· 
. . .• . . . r . . . . . . . . ;;. 

(iv) .Hydrauli~ fluid contamination. The Boeing sj,ecification -~uks that the ie~ fluid meet the .. '·_.:~ ~ 
particulate contamination level ofNAS 1638 Class S. Pai-ker baS 'acceptance standards to oontrol · : ~ .. . 

particulate contamination leyel for all fluids \ise4 for testing to the requirements ofNAS 1638 Class ?· in 
addition they also CC?ntrol the Jluid propertieS an4 chemical c:Ontamination lev,ei:s. · · . ;. 

-: (v) Fabri~on ~d ~ ~ft;,piCal valve-~bu~:-Jb~ CDR ~~~tative. visited the Parker . . . ·. ~-
. CustOmer._Supportl>ivision and met With Wally Walz, ~e Technical Integrity;Manager~ Pa,ker says that · . : .:;; 
.. 15% of the actri8tors corDing in for ovemaUI have beCn. remOved for excessive rod seal leakage (the . . . . . ~~,. 

RqWrement for in-service COI!lp<>nents is:~.the-ord~·of2 dropS/25 cjrcleS per seal). Addi~onal causes for_ . . 
removal are "inoperable" arid now of course Units are removed and sent in to incorporat,e the replacement 
or new valve assembly ·per the Parker Service Bulle$ 6801 0.27·162. All·Pcus that come in for repair 
11e sUbjected to an acceptance test procedure regardless of the Customer .co~plaint. · Any other 
·nialfunctiollS are evaluated and the cUstomer informed ~f the p[oblem prior t~ th~ repair. If units come in 
under warranty Parker takes an. oil sample. In some cases, if the oil sample eontains an exces5ive amount 

. and Size of particles it may nullify the warr&nty. The filters, inlet ind yaw damper, are always removed, . ... . . 

----------------~--------~------~------------------- ----
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·.clean~ and reinslaned. -~~-~or the ~rare ~~Y ~bted at .• mer Won or~-
~rrect a malfunction uncOvered during tCst. · . · · . : . · · · 

Th~ technician conducting th~ ~cO~g teSdng ·~ he bad only seen 1 (maybe 2) jammed secondary 
· . valves in approximate)y 1000 .Units~ but bad not experienced any jammed primacy. sliders .. He stated 

· that he had seen no linkage jams_ or other anomalies that woUld have resulted in gross malfunctioning of 

the ~l· ·. . : . . . . . . -~- ,: \:.~~~;! .. ~~;:~~ .. ::~:.. . . . . . . . . 
A problem~ they occasioD.ally ~ in the actUatOr is the lack of not meeting the A TP input force·stroke 

'Mquhements ~tO ~p~oJ)er spnng force, fii~6n,'et'C.· ~er problems include excesSive ne~ or land · 
· ~. . leakag.e, exceSsi~e p~ lag ·in. the c::laiDper sc:rVo (may rCquire replacement of the damper transfer valve), 

· ·. and elongation of the primary v8lve drive hole ID due tq the Valve bias spring preloa4. The· majority of • 
. . . servo yalve repairs consist of fabricating riew primary'.sliders due to wear of the metering edges and/or 

-~ . erosion of the orifices in .the sleeves. ·.. . -:'_· . :. . :- . . 

._. · The sicevclslidcr· ~tc~~ ~~~on ~ ob~~ Parker ~tCh f.nn~ the rudder primafY yalve to its 
sleeve to obtain .00~~.002 un.dcrlap~ ·ne. secOndary slider is matched to its sleeve With .002-.()025. 
overlap. The aileron/elevator primary valve is machined to a zero lap. condition with the secondary 
mat¢hcd. with .001-.0015. o:vcilap.' · · -:~ · · · · . · · 

Th~ ~~bly_ is d~ign~ to ~~'oda~ ~ singie fail~ due tO a val·v~ J~ With~ut a catastrophic or 
hai'd over oUtput condition. The' degree of control of the sUrfaCe that the pilot retains after a jam is a 

· · · functiop of which valve, primary or secondary, jams and where in itS stroke it jams. Inherent in the desig!l 
philosophy of this configtil-ation is tiie ability to detect a jam of one of the two concentric valves. However 
in tlic B737 rudder PCU_implemcntation, it is questi_onable whether an initial jam can always be detected 
or Whether sam~.' janiS may in fact be latent Consideration could be given 'to providing the :flightcrew 
with infolmation regarding tP.e characteristics of this valve and suggestions of how the jam free operation 
ofboth vBlyes may be ascertained on a pre-flight basis. . ·. · .. . 

· . (vt) Servo v;dve fabrlcatl~n criticality. _The valve aSsemb~y is a highly·oomplex asse~bly involving . 
extremely clo5e tOlenmees, ~dividualize4 material selection, ·Wlique material processes and requiring 
sophisticated testing equipme_nt and teSt procedures. The design tolerances must be controlled to provide . 

· the n~ suiface. pasition8bilit}'~ k~p the iritelnat fluid Ie3kage to an ·_acceptable level and~ provide 
the pilot with the necessary 'controls fiddity~ The ~<)mplexity 'ofthe dual concentric 8rrangement also '' 

.. . requires· that its design and its toleranCes take"uito account the .~atiOii into the actua~r. nie design of 
·: . ~valve itself muSt be s\icb that the_ ~tant ~lation und~! ~verse tolerances w.ill not lbind, jam or 

·. malfunction in any way."This w~ 'abundantly~~~ recc#tly ~ it w3s discovered that everi the OEM 
. · . appamidy overlooked ~ ~teiance stackup resulting in. a .~ous Po~ntl~ ~Ctio.u of the ludder PCU. 
·. · . . Due to the close toleranCes involved in the sleeve and slider mating ·surraces extreme care· must be aPPlied 

. · · to the.~ selection and io the heat-~ sJ;ecifiCati6n5 for the material. The de$ign requires that the · 
metering sleeveS (or both the piiinmy ~ second8ry ~ Sliruiiic ~t m their respective housirigs. This 
process_ requires ~te ~mponent temPerature' control, special fixtures and experienced ~~rs as 
well as procedures that are well' thoUght out After'manufacture and assembly, the Valve must be sUbjected 
.to comprehensive testing to ensure that it functions properly. The test pf()Cedurc and subsequent tests m~ 
ensure that the _aSsembly not oDly meet all its performance parameters ·bUt also uncover MY manuf'acturirig 
Or assembly anomalies. In addition to the acceptance testing that.each.manufactured assembly is subjected 
to, the design must undergo qualification tests to en.sur-e the valve's ability to withstand the operational 
and environmental stresses that it ·will see during its life. · 
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· Insiaitati~n o~ a repl~ent v&ive.~bly Should take in~ ~~~ th~· ibo~c i8sues as .minimum. Th~·· 
gri.nthig of a ~esign approval of a replaCement 4.ual concentric valve assembly ~ould be ~ted only · 
after the design and installation has been tho~ugbly 8crutinized; all process speeification5 verified and 
·approved by Engin~ and Mitio; ·an test pfoCedures, qUalification and accep~, thoroughly 
reviewed and approycd, ·assembly procedUres approved, qualification test witnessed, test report apprqved, 
~ ~bly and acceptanCe testUig_Witn~: . (See ·~mmendations For FAA Action," Section 15. 
Rccommendation-20. -21). · .: ·: ·,· ..... ' :<' · ;.:~~~ ~:~~~:~.'::··. . ~ :·:· ·. ,.:, :; · · · · . · · . 
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(3) DOUGLAS AIRCRAFT. SeVerai ·m~m~ of the CDR T~ visited the Douglas Aircraft 
. Company (DAC) in Lorig Beach. California, on December 21, 1994 .. The purpo~ of the visit w~ to 
. . ~ce the Team's knowledge. of flight control de5igti philosophies of other aircraft manufacturers 'in an 
· effort to eompue these with the design principles used for the B737. · · 

.. · t~ me~be~ Mike.ZieW,·~~n Fill~,~ T~m·Do~elly.wcrc.present during the one-day event. 
· The Team was presented with an informative discusSion by key DAC engineers and managers regarding · 

. the folloWing Subject areas: Systems, Aerod:Ynamics, and 1\ vionic$ as ~lated to the Lateral and . . 
. · Directional Flight Coi;ltrols on DAC Airplanes; the DAC.Failure Modes and Effects Analysis Process; 

Hydraulic Fluid Contamination and Systeni Maintenance; Flight-Control System-Maintenance; and a . 
History'ofDAC Flight Control Anoinalies. The discussion below is l.inlited to-the lateral/directionafa.Xes 
and does not include the pitch axis . . · .' · ·,: · · · · 

· : ~e ~ic fli~~· oon~l d~&n for ~e Dc~9/MD-801MD~90 ~es ~l~es bas mechanical cable driven 
. . > tabs for ailerons~ and a hydrauliciilly-Pc>wel'ed rudder witl:i'manuat reversion and 1tQ-5ense." throw limiting . 
. · · ·. Si>oilm are hydrauljcally-p<).WCred; the ·servo valve for the Sp<)iters is of a ~Ual-spoo~ design; the rudder· 
~. · ~yaw dainpei Utilize.single.-spool ser\.ro _y8Ives.· DAC stated that their hydraulic system ~esigns do not · 
. . U5e by-pasS valves Unless. alternate. flUid pathS are availabte··t(j prevent hy~ulic lock in the event of. a by-

.pass valve failure>· : . · ' .. -:_ . < :. . -> .:-<: ' · .·. · .": ·. · . · . ; · ·.. . . · . . . . 
The otdei bc-8 series ·ahPianes ha~e ~ sulill~ ru&ht ~ntrols design to the DC-9/MD-80/MD-90 series, . 
excej,t that all flight controls 8re hydrauiicany actuated (with manual ieversion), and the rudder is hinge 
moment limitCd. . .·. ' _ · .. .. · ·· 
The DC-1 0 ~ ~ 11 flight cci~trols aie o~ 5oiely. With hydrauli~ pewer and have no manual 
reversion caPability. These aiiplanes·utilize mul~p!e -~in all axes.-Aerqdynamic summing is 
utilized rather than having multiple actuatOrs on one larger surface . . Force override mechanisms ·are 

·utilized whCle necessarY~. 8Jlow irid~t ~on 9f~se ~in .the ·same axis necessary ·t<?·.· 
. . counteract the failure of one hydraulic8lly pOwered SUJ'faCe, even if the. fail tire is a full deflection'. . 

haidover. ·." . ~- · > ·/·:· ..... .. ·: - :_:. _;: ·:·><·.· -... ... ' .· .. . <: · - . > ... · _ ·. · ·· ·. .· 
AdUal-ci>n~tric ~0 vBlve 'd~gn .js• Utili~~ p9~ th~ SpOilers only. 0~ most DAC airplane models. 
The spoilers have :00 manu:BI reversion capability~ A "splitable" tandem valve is used on some applications 
with two hydraulic SOurceS for one actuator. This valve is a DAC (iesign and has a two spools on one 
input rod in parallel with bresk_-Out springs so that a single spool jam is counteracted by the follow-up 
through the other sp<)ot .and hydraulic system. All of the hydraulic valves. utiJi:zM by DAC have a 
minimum chip shear capability of 100 poundS. 

To design around_the pOtential~ of an Bileron system jam, DAC utilizes a "torque tube and override 
mechanism" mounted between_the pilot aDd cO-pilot control ~lumn on the DC-8 arid DC-9/MD-80/MD-
90 series airplanes. · After an initial60 to 90 pound force is applied to "break-out" the mechanism, the 

• • .1 

. . -·· 



wh~l forceS return ~ ~ear nomial ~-~n~l the. airp~ with ~e ~ppOsite alle~~ -~d Spoil~. The DC~ 
10/MD-11 aitplanes have various spring ovemde deviceS on-~h lateral con~l surface and in each major 
control mechanism that pre:vent ·any single system or Surface Jam from disabling the rest of the control 

. . . . . . . . . .. . 

.
. . S'J. stem. .· :_· . . . .. . .· J .: • 

. . . . -~- : ... _ .... ~-;~~-;.:-' . __ : .. ·. . . . . 

. A discussion on th~ topic of aero4yn.aniic iequirementS for rudder design revealed that while DAC ~d not 
. perform fljgbt testing for rudder hardoveai they have pcrformCd "rudder kick" maneuvers to evaluate the 

J:Clatioriship between rudder throw and strUctural Stiength as a fuix:tion of dynamic pfeisure. Besides . 
structural co~~. -DA~ stated .that 'rudder thfow may also be RstrlcU:d tO ensure controllability. The 

. DC-9-30 has-an addi~oiw mechanical limit siiice yawing· moment cbaracterlstics Were unacceptable at 
maximum rUdder with certain flap settings. DAC stated that dlll'in& flight tests, they look for a steady 
sideslip trim point Wi~ sufficient ya~. moment nWgin ~handle a ~d ~. 
DAC yaw da.tripers .were-.then disc~ On the DC-8and DC-9!Mo-SOJMD~90 senes airplanes, separate 
series yaw d:ampers are utUii:ed. On the De-l 0/MD-11 yaw damper and autopilo~ inpUts 8re integrated · 
with the main PCU via electO-hydraulic.control valves, mod pistons, and lockout devices, similarly to the 

· B737 ~dder -8nd earlier ail_eron systems. _ . : .. · · . 0: . . :.- . · . · · ' .' . · · . .. . . ·. · · 

. A system ~ety engineer fro~ DAC~ SdetY, Reliability, and Ergonomics group gave a presentation of 
·how DAC eonduc~ a failure modes and effec~ analysis {FMEA). For its later models, DAC utilizes a ·r . 

. comp~hensive FMEA review proCess that allo~ engineers ftom.various discip~es to provide input and 
agree on action. items.· The DAC system safety ·cngmeers act a8 the. common thre3d during this process 
and.provide continuity;· DERs authorized to a.ppfove FMEAs and system safety analyses are responsible 

. to the safety group. .· : .. · . · .. . :· · : · ·. · .. , : : .. _.::· · . ._ : .'- .. · - . · _ · · · 
~. .. . . . . . . . . . . . . . .. . 

·cpR: Team members expresSed roncqn regarding DAC's FMEA p~s ~d iatent failures. When 
addressing late~t failures, DAC takes credit for tl:ie inspection interval of the i~denti.fied failure, but does 

· . ·. 'not ~uire a specific intenial (or the inspection ~xcept as provided by the M1rn process. · 

. A discu$ion of-hy~ulic fluid co~tami~~tion ~c8I·Cd ~ DAC utilizeS a h;draulic fluid specification 
when procuririg the fluid, an in-plant control pi"actice for fluid handling iii plant, and .recommended in- . · 

. service praCtices for airlines to follow. DAC reviewed and s)'nopsized their recommend~ hydraulic fluid .. 
. . sampliiig frequencies for our visit. . A review .of~ syno~ revealed thai the longest time period 
· between checks was 4,200 flight hour$ or 18 months~ .· (see Section 13. for ltydraulic fluid issues) .. It 
· _ . should be noted that the ·MD-80 bas no reCommended fl_uid s&mp'li:ng ~od · DAC stated that they 

discovered this in the COUrse of their preparation for ·our visit and will DOW mSke a reCOmmendation for 

. the MD-80. -~ . . . ·~ .· . . .·. :. _ ·. ·.. ·. ·, .. · _ . : . ·. : · -. . 
F~y, DAC presented the Team with a SUilliriarY ·of reported lateral and directiotlal control anomalies for 

· all of their airpt~. DAC stated that "no aCcidents have ever been attributed" to the flight control 
· systems ofDAC airplanes. DAC ex~luded "accidetits".that did not result in hull losS from this assesSment 
. (e.g, the MD-11 flap handle eventS). "Also, the chicago and Siomc.City.DC-10 accidents resUlted from a· 

loss of control, although both were cauSed by external events {engine related failures).- . 

· To~ the salient Points ofthe·B737 CDR Team's visit to DAC: · · . · 

~ The t"Mlier DAC airplan~ ~pioy dirCct ~Ie-drive~ sUrf~ tab~ as~ primary ~ntrol mechanism for 
- many of the ,tlight control systems . 

• The airplanes whlch have a hydraulicallly pow~ rudder-~ve built-~ bardover protecno~ with the use .. . 
of split Sll1"fiM:cs, or manual reversion via hydraulic powc- shut-off lever~ Earlier.·airplanes use deflection . 
limit devices with airspeed inputs. Later airplanes use aerodynamic {blowdown) limiting. · 

. - . 

··.\: 

,. ,.'.• 

. •':. 

. -·-.~; 



. · . 
.. i . : . . . 

_ _.-... The -~o~ ~d ~~g-~rolo~~ fo~,~~ to co\m~-&~8lll ii1 thel~mi ~ntrol sy~ are 
significantly lower than those of~ B731 .. · _: ·: ·:: _ '. · 0::. · . ... . • . · . : · . . -· • _ · · 

. . . -The DAC mi~imum chlp shcari.n~ ~m~-i~~-hydraulic SC:V~ ~alves -~~ si_gnificantly higher than that 
·_ of the 873.7 rudder PCU'servo·valve {100# ymus 39#). · . ..: · . :_ · ! . •.· • .·· · . 

. - - .· : ~ . ·. ~ . . . : .. :. -:-.... -t~· :.:.·-=·~--... ~ .··. . . . . . . . . . .. - . . . . 
~ DAC ~ DlC?te restrictiv~ contaminated by~~ fluid inspection requirements~ those of the B737. 

. _. ,. .· .. · :· . .. · · ·:;· ............. -'~ ·:,._:,_~-~~:-~t~-- -~"~ - . ·- .,, . - ... . . ,•. . . 

.·' 
• . ... 

. . .. ~ 

'· · ... DAC_ performs. flight tests .of "rudder kicks" _tO ~e structural Strength :issues; flight~ of ni:dder 

~versto·~~~~-"~·~o~;~-~r~~-~t-~~rin~_ ·:· · ··.: _ _ . _ -~ .. _ _ : :·~~~?:: 
.. DAC employs a Safe:tf, Reliability • _and Ergonomics group _to perform ~ analysis on n~ aiiplane · . · :·--~---
models. · . , .. . . .. . . . . .. . .. : :·· · · .. · .... : .. ~ :.; j. ·. ~ . · ~- . . . · 

- DACs FMEA ~is ~inpreh~l~~ ~d ~~,~~~g-~d ope~o~ disclpllnes. . . ·· --~~ --~·: 
~In ·the DAC FMEA P.~ for_ ariaz~g la~~t·thli~~ DAC takes credit for: the ~tion interval of .' ; .-<-_~; 

. · the identified fail~, bUt doeS not 'make this inspection a CMR. . · · ' · · · · .... · 
• ' • • • . • • • • • -.. • ·, • I . • ' • •• ' • ! . . •· o I . _. • : .; 

• • , _. ... _......... .. -.. ~- . . -~ . ·~ • . • • • • ;i ~ ·:· .;·::-~· 

' . . (4) ~O~TNER DISCUSSIO~S·. ~-~her 2o: 'tm~ sevenilCDR·T~-~embers to~~ with ':X!~~~ 
~ Los Angeles Aco alid MIDO personnel inei With. Bob, B~, md fliil Fortner, principals in Fprtner . . ·.- · · < 

·. Engineering and Manufaeturin:g, h;lc., adhe FAA Los Angeles Aircraft Certification Office (LAACO). . -.-:;:;. 
: - : . • · - :- • - · : . • t -~. ~ . _ ,._ . . . • -: ~·?? 

. . . ·. . . ·. : . . . . ·. . . ( . . . . . •.. . . . '.. . . .. '' . . . . ··.· . . 

. ·The Fortner firm is an authofiied Repair Station under FAR P~ .145 and ·rep&rs and overhauls aircraft -_. ·. ·· /:ft 
. . . .· .hydraUlic Components of all tYPes for primaruy.airline and other 8.ircraft operator cUstomers. l)ley repair .... '_: _- ~;::r 
· and/or overhaul ·po~er contro_l units. {PCUs) on B737s aileronielevators, and rudder MPct)s and standby · . ~- ·: .\. 

PCUs~ .They bave not been-involve<! with rudd~ MPCUs lately, becaUse AD 94-01-07 specifically . : . . ·. _.f · -I.: 
·. -~s that the :udder PCU be modified tO incOrporate a modified servo' vaive that cari only be supplied . ,: .. . ; .. :'/.-
. · byth~ OEM, Parker}f~" .. "}~- .· · .. -·· ~... · · · · :··->~ 

.. _.· -;·. 

. Fortner Enghi~g develops their· oWn FAA-approved data under the provisions of SF AR. 36 to produce, ·. · -· 
repair, or rq>(ace p~ for the Units they overhaul.or for USe 'by other overhaul faciiities that have sent . . . . • -. 
specific oo¢ponerits'to them for repair. - The.mostcO~n of these oom:pOnents are What is referred to aS ·.:_ ~ · -~ · ~--i 

. "lap. assemblies:" These are t),i~y-~~ vales or by-pisS ~ves that have extremely close tolerance . ..: __ ; .\~;i}: 
. mating parts (slides and sleeves) that must be lapped ~gether. . · · ·. ··-. , · ·· -~ 

. . . . . . . ~ • . ~ . 
... . •; . .· · • . . .·· .. . . ·" .. ..... .. 

.. • • • · - •, ¥ • , .,. : , _ • ... • .. • • • ..... 

The data develo~ and approved bY Fortner under SF AR 36.may ~based 9n many types of documents _ ;~_ 
including overhaul manuals, ·primary airfralne m.aPur8ctUie d.rawiligs '(e.g~ Boeing or Douglas) and vendor . . ... '::' 

. . . . . . .. I . . . . . .. , '.I • .. • • • • • • • 

. :drawings. Many tjmes th~ doCu.merits are supplied to Fortner by their operator (airline) cuStomer. The ~ ·. ·· .:~ 
LOs Angele8 ACO, MIOO, and FSDO ~arty·_~ts. FOruier. to aSsUie compliance_ with all pertin~t · . . · . : >( 
regulations includfu8 Part f45, P~ 21, _SF AR 36, mid the airWorthiness regwations (Part 25): ·HoWever, · _·: : .. :,~· 
Fortner's overhaul of Boeillg hydraulic .. com.ponents is not authorized· by; nor coOrdinated with, BOeing or -. . ·. ·:. _-.~ 

, their OEM vendor, Parker Ha.mitfin ~n~ of this ·~aclc of Coordination and in consideration of the · ... 
criticality of the niain. rudder PCU, the CDR Team _questions the. ability of Fortner to cOntinue fabricittion · . . 
·of the dual spoOl servo Valve equivalent. to that ofParker. (See "Reeommen~ons For FAA Action," 
.Section l~. Recommendation -20,_ :.21, -22). · .· · · · 

·In fairness, though, it must be wd that Fortner ~eeriitgis· an established ~d iespected overhaul 
facility'~d they have been performing this type ·of work sin~ the 1950's. ·They have overhauled over 
50,000 lap as5emb~es and enjoy the confidence of both airframe manUfacturers and many airline 

. ·-·-- ·-· ··- - ·-- .. - -=---·- . 



.. - . . ' . .. - \ . 
~ . · .. , , · .. ~ . ··. :.; . .. ., 

· · ~~eiS. ~ cnRr~-~ to~-~--~~ ·diu F~rtn~~v~ed;:~~~~en~-were ·invol~ed iD 
' · .. . ·.: _ . . any of the accid~ntsrm~id~ts that p~ip~tated 1his ·revi~. Specifically, the rudder MPC:lJs 'from the .. 
::. _ . 199l .Unite4 B737at Colorado Springs and the·t~ U~Air B737accident at Pittsburgh did n9t have 

·. _Fprtner~verhaUied componen~. However, a d~on that other PCUs on any aircraft did or did not 
· · .. involve FortD.er..:OverhaUled compo~ haS·.Dcit bee1i made by·the CDR team. This would be a dlfficuit 
. . iask,"beeause .the "iap assemblies" .re:~4dt~¥secfby many_Pcti overhB.ul taepitjes aDd, though Fortner . · 

. . ... rCpaired valveS are !llai'ked .and .re-seiialii.ed _WbCre po~sibJe, these lmits are internal to the PCU and the · · 
. :· _:only 'way of cldcrmining they arc~ iS"iO·_:lookit the PCu _ovein8Ulimaintenance ~if they are 

.. • · ,i:vailabt •. · ,: ~ · · \ .: · -~ ?· · :'. ·: :/·n!{~i~~trt~t. : / · ·.• ·. · .... ·• ·. ·. ·· - ·. · ·. · · 
· .-. (5) aoraYWELL; A Team representative visited Honeywel11Sperry m Phoenix, Arizona, on December 

· · . · 16, 1994 •. The purPose of that trip was tO review the HoneywelliSperry Yaw Damper design (Boeing 
Model No. 10-60447-XX) used on Boeing ModelS 73?-lOO,' :::'300, 400, and -500 aitplanes, and to 

· .. ·. · 

. ~ .. .: -

. · i4eritify any issues associated wi~ the ~ign that may ·compromise Sa!ety. · · . · .· · · · · 
· · (i) Honeywell sts.ff p~nt at that~~-~~; Mr. 'Hal Thomas, to~~Y Dcsi~ ~AA Engin~~~ . _ :·:_. _:;., :~;,~ 
. Ms. Paniel~ Kalish, Quality ~ce Engineer; Mr. Raymond Rummel, Design Engineer; and Mr. . · _.._ :·'·?;:::~~ 

· _ · . Terrance Grimes, Prod~ction Engineer. Hon~yweli was asked for an accounting of the Model1~0447- .. · . ·· ·-~-· · .. 
. · . XX failures duripg the prCceding 12~n:o~ths. :That 8ccountirig reve8Ie<;t an Un.expectedly excessive · · · _·: . · · ::~. :~ 

frequency 'of rate gyro failmes. The ieason for the excessive freqUency of rate gyro failures is a Boeing · · · : 
· · engine crumge. The ~te ~ is _the principal and mo~ sipmc:8nt component in the Yaw Damper design. . ·. :- ,. 

-~ Of the 200 failures examined, 130 were _due to_ rate gyro_fiiilures and all of those were caused by damage ' 
_: tO the rotOr bearings .. Of the rerriai~nig 70 ~ures,_4_2 were eonfunied as ."No fault Found" and the · . . . . ... 

· remaining 28 failures were roru;id~ . "typical" (i.e., .failed componentS, cold solder joints etc.). Boeing ·. 
. , requested th8t Honeywell appr()ve the design in a different Vibration environment That new vibration 

environment Was a 9ireci"result of the erigine change whlch·~--the prlncipal difference between the 
niodel -~200 and the ' ~300 8.irc_raft_ :Honeywell has an 8.ction item to rc~ew those f~ures _with Boeing. 

(ti) H~neywell _was· no~ a~ of the Boeiiig ·vaw Damper sy~ fail~· that can cause the Yaw Dainper 
_ _ to command up to 120 seconds ofrudder b.atdover. ThiS failure is caused by an open feedback signal 
. between the Yaw Damper. transfer valve Position 8nd the actuator mtegrator~ An open or an intermittent 

at this point can allow~ integrator tO accuniUtate Vla an l_t~ time: constant, up to 120 seconds of "On 
Time" which, When ~plied to the transfer yalve, will eoDliilAnd full rudder di:splaCem.ent up to plus or 
inintis ~ degrees. This m8lfuiiCtion jS not considerecho be a direct. cause of a catastrophic event 
_·Further investigation is being mitiated ~y Hone~IL- · · ... ·, ... . · · · · . - · 

. . ' · · . 
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· APPENDIX8 

: .ADDRESSING B737 FLIGHT·CONTROLS. 

. . . . . .. -_ : . . ... .. . . , . ~:i:;o#:~;if: : ,, ::' . • . ·. . . ' 
. · ·, A request was. made by the B737 CDR Team to obtain .all .Natio.nal T~rtation Safety Board (NTSB) 

. Safety heo~end8tions~ in.cludi.og 'their associated !yno~ of responses an~ current status, related to. 
B737 tlight_controls .. Safety Recommendations are formally issued by 'the NTSB as a result of accident 

· and incident investigations. 11iey arc noQ-regul8tory 8n.d are 'issued to government agencies. airlines, . 
man~ or any 0~ organiistion which: Can effect an eD.hancement in aviation safety. After a ,• 

' .. Safety Reco!JP]iendation is i~ the NTSB tracks thC response$ received by the· targeted organiZJltioa 
. . : . .. . ~. . . ' . .. _ · .. ~ ~ ' ' . . . ~ . . .· . ·. ·' . . . . ' . . . . . . . . 
· A revieW ofNSTB recommendations revealed several that provided further support for the Team's 

. · c:Oneem for the .~~ ~d iss\les that~· identifi~ in~ ·repo~ (i) Ree. Nos. A-734J73/..fJ74 - . ·· .. =.:r.~:.::·.;·.~.:.. .. ·.~,: 
.';CREW 1RAJNING ON EFFECTS OF SPOll..ERS . . As a iesult of a·B737 ~i~nt in Chicago in · , -

. I -1972, 'the NTSB recommended to the F M to feassesS methods of familiarizing crews with the 
. ·. . effects -of spoilers' and 'to issUe an advisory ~ulletin wammg 'agairist the hazards of improper spoiler 

. liSe. . . .· . ~ . . · .. . · . . ;' ;_ - . . . . 
. .: •. . ·. . . . . . ·. . . : . . ·. . . . : . . ; . : . . . . - . ... . · .. ' . . . .. 

:., 

.. .. ~ .. 
' ··=-· ·. 

-: · (u) Rcc. No. A-9i..077.- STANDBY RUDDER GALLING . . The 199.1 investigation of the . ·. · 
' ' ' Colorado Sprmgs.B737 aecident revCaled tb8r'ihe Standby ·rudder Wis'gallcd due to an impropcdy :: .. ~: 

.. design~ .bearing. 'While. the galling .waS .not cited a$. a cause or factor in the ~ident, the NTSB . · . ,;~~= 
.. ··.recommended that.the FAA iSsUe an Ab to ch~k th~ beariDg iD. all B737s beca~ of the potential ... 

· · . · ··. · hazanfof.rUddetbinding:_ The'FAA.did not isSue an AD; but inste3d performed testing to prove that 
· · . · the· torque tUbe that eonnects the standby rudder to the main rudder PCU can bas adequate "wind 

up" to bandle'a seize4 ~.and that the failure.wowd not be latent The NTSB closed out the .·.· .. 
. recomm.endation ~~ ~~le a}le~ve actioii." . 

.(ili).Rec: Nos. A-92-118/-120/-121-.RUDDER MPCu SERVO VALVE. As a ~t of a B737 
1DlcOminanded rudder reverSaJ inciden~ ~e NI'SB issued ~ Iecoinmendations to the FAA which :. ·, l:.·:}j 
resul.ted ~AD 94-01-07. All 1llree recoriunendation.S are "clo~-accep·table action.". : ·· 

• • ~ • ,· .. • "'' ' - _; : -~ . - • 0 0 • • ' - · · · • • • ' • • • 

. . .. 

. .. - . 

. . . : .-=.;; 
.. 
' 

· (iv) R.Cc. ~os. A-93-133/-134/.:.~35 .• S~EED B~ ~ABLE ROUTIN9. As a result of an 
incident in Charlotte, No~ Caro~ in which a B7~7 ~brake was stuck up, recommendationS 

.· . were m8dc to prevent the misrOuting 9fspeed. brake. cables. ·One recommendation was for the FAA · · : : .. ' 
. . ~issue aD AD fOr a o~time ~on for~ brake Cabl~· routing.: The FAA did not cOmply .:.{ 

. . . . . with emc ·recommendation while two. others were complied -with regarding • revision in. the Boeing · · . . ::::o 
· main~· manual.. . · - .. : ... ·:. :.:· · .. . : ··' · · .'!;.:.: 
----~ • • • · :. ··: . 0 • • • . -:. 

(v) Rcc. N~. A~94-0641-06SI..o66 ~AILERON CABLE wEAR. As a result of a 8737 incident in 
Newark, N~ Jersey, in which an aileron cable failed and caused an emergency landing back at the 
departUre airport, three ~m.m.endations w~ li?-&de to ~e FAA to ~e an AD for the periodic 

· inspection of cable wear ( oJ)en -1macceptable. r-esPonse aS of 9/19/94), require Boeing to. examine the 
conseqUences .of an aileron cable failure, and to cond~ a stUdy to determine the frequency of all 
control cable failures of selected aiiplanes. · 

. . . 
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STATUs . ·1 . ··coMMENTS I 
- A-73Q/3. . ·· FAA TO REASSESS ME'IHODS CLOSED· ·· · - Accident- 12/8n2 

, . .· .. -TO F~IARIZE·cRE~~_.~R~ ._ ~CCEPT~LE · · Chi~o _ Mi~way 
.__ EFFECFS OF SPOILERS ., ·, ·;r.._.:~-:. ACilON · · ·· .. _ . . ~ -~...,;...--~""'··: .... -- . ·-

A-82-083 FAA TO ISSUE AD/OPS ~ · CLOSED • .. .. .. 
~.GE_FORICING';: .. ·: .. ' .... UN~CCEPTABLE 

·· . . . . . : . . r. ·. :.. ACTION -
. • .. ' 

~-89-058 - . F. AA TO DEYELO~ : _ / 
... · . . INSPECTION PROGRAM FOR : 
-· .. . _ ·· FATIGuE CRACKING. .. > .. · .,. .. .. •' -- ·~ 

OPEN~ . 
ACCEPTABLE 
RESPONSE .. 

Accident- 1/13/82 

w&sh. ·oc -National 

Accident - 4128/88 

MaU4 HaWaii . 
-·· 

A-89-060 . · FAA TO ISSUE AD TO INSPECT CLOSED -· : , , Accident ~ 4/28/88 
·- ·' ·- . ' •.· . . . 

--~ ·. . : FO~·ENGINE CONTROL CABLE ~CCEPTABLE Maui Hawaiil 
· .. . : CORROSION. . · : .. · -.--:-;.. .. .. . Aq-ION · · _ ' 

A-92-118 

A-92-120 . · 

A-92-121 

A-93-133 

A-93-134 

FAATO REQUIRE BOEING · · CLqSED ~ · · .. 
DEVELOP tEST FOR MPCU · .. ACCEPTABLE 
SERVOVALVEOPERATION·. ACTION ·· ·: . .. 

FAA 'tQ.ISSUE AD _FOR DESIGN CLOSED~ ·. . 
CHANGES TO RUDDER MPCu .: . ACCEPTABLE 
TO p~~ REVERSALS . .. . :· . ,, AcTION . :· : . . 

FAA TO CONDUCT ADESIGN . 'CLOSED-~ 
REVIEW OF THE RUDDER._,_.:· ·. .. ACCEPTABLE 
MPCU To PREVENT REvERSE AcilON :. ·.· .. _: ' : 

FAA TO ISSUE AD FOR ONE- · -.~-
TIME INsPECTION oF ·sPEED .~: 
BRAKE CABLE ROU'l"iNG : . .. 

FAA TO REQUIRE BOEING TO 
MODIFY~· MANUAL 
FOR SPEED BRAKE CAB~E 
ROUI"E 

- .. .. · .. 

~~~-- . · . . · ·_: 
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