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Executive Summary

On January 31, 2000, about 1621 Pacific standard time, Alaska Airlines, Inc.,
flight 261, a McDonnell Douglas MD-83, N963AS, crashed into the Pacific Ocean about
2.7 miles north of Anacapa Island, California. The 2 pilots, 3 cabin crewmembers, and
83 passengers on board were killed, and the airplane was destroyed by impact forces.
Flight 261 was operating as a scheduled international passenger flight under the
provisions of 14 Code of Federal Regulations Part 121 from Lic Gustavo Diaz Ordaz
International Airport, Puerto Vallarta, Mexico, to Seattle-Tacoma International Airport,
Seattle, Washington, with an intermediate stop planned at San Francisco International
Airport, San Francisco, California. Visual meteorological conditions prevailed for the
flight, which operated on an instrument flight rules flight plan.

The National Transportation Safety Board determines that the probable cause of
this accident was a loss of airplane pitch control resulting from the in-flight failure of the
horizontal stabilizer trim system jackscrew assembly’s acme nut threads. The thread
failure was caused by excessive wear resulting from Alaska Airlines’ insufficient
lubrication of the jackscrew assembly.

Contributing to the accident were Alaska Airlines’ extended lubrication interval
and the Federal Aviation Administration’s (FAA) approval of that extension, which
increased the likelihood that a missed or inadequate lubrication would result in excessive
wear of the acme nut threads, and Alaska Airlines’ extended end play check interval and
the FAA’s approval of that extension, which allowed the excessive wear of the acme nut
threads to progress to failure without the opportunity for detection. Also contributing to
the accident was the absence on the McDonnell Douglas MD-80 of a fail-safe mechanism
to prevent the catastrophic effects of total acme nut thread loss.

The safety issues discussed in this report include lubrication and inspection of the
jackscrew assembly, extension of lubrication and end play check intervals, jackscrew
assembly overhaul procedures, the design and certification of the MD-80 horizontal
stabilizer trim control system, Alaska Airlines’ maintenance program, and FAA oversight
of Alaska Airlines. Safety recommendations are addressed to the FAA.
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1. Factual Information

1.1 History of Flight

On January 31, 2000, about 1621 Pacific standard time (PST),! Alaska Airlines,
Inc., flight 261, a McDonnell Douglas MD-83 (MD-83), N963AS, crashed into the Pacific
Ocean about 2.7 miles north of Anacapa Island, California. The 2 pilots, 3 cabin
crewmembers, and 83 passengers® on board were killed, and the airplane was destroyed by
impact forces. Flight 261 was operating as a scheduled international passenger flight
under the provisions of 14 Code of Federal Regulations (CFR) Part 121 from Lic Gustavo
Diaz Ordaz International Airport (PVR), Puerto Vallarta, Mexico, to Seattle-Tacoma
International Airport (SEA), Seattle, Washington, with an intermediate stop planned at
San Francisco International Airport (SFO), San Francisco, California. Visual
meteorological conditions prevailed for the flight, which operated on an instrument flight
rules flight plan.

The accident airplane arrived at PVR about 1239 on the day of the accident.’> The
inbound pilots stated that they met the accident pilots outside the airplane and briefly
discussed its status.”

FDR information from the accident flight indicated that during taxi for takeoff,
when the FDR started recording, the horizontal stabilizer’ was at the 7° airplane-nose-up
position, which was the takeoff pitch trim® setting. About 1337, the accident airplane
departed PVR as flight 261. A National Transportation Safety Board review of FAA air
traffic control (ATC) tapes and FDR data from the accident flight indicated that the first

! Unless otherwise indicated, all times are PST, based on a 24-hour clock. The times reported in the
cockpit voice recorder (CVR) transcript were based on a coordinated universal time reference clock used by
the Federal Aviation Administration’s (FAA) Southern California Terminal Radar Approach Control facility
for recorded radar data. CVR times were also correlated to flight data recorder (FDR) data. After the
correlation was accomplished, all times from both recorders were converted to PST.

% The 83 passengers included 3 children who were less than 2 years old. These children were lap-held
passengers.

3FDR data indicated that the accident airplane landed at PVR with a horizontal stabilizer angle of
6° airplane nose up.

* The inbound captain described the accident flight crew as rested, relaxed, and in good spirits. The
inbound first officer stated that the accident captain was happy to see them, upbeat, rested, and ready to go to
work.

3 The MD-80’s horizontal stabilizer is a critical flight control located at the top of the vertical stabilizer.
The horizontal stabilizer is hinged near its trailing edge so that the leading edge can traverse up and down to
provide trim for the airplane in the pitch axis. For a description of the airplane’s horizontal stabilizer and
other components of the longitudinal trim control system, see section 1.6.1.

® Pitch trim (also known as longitudinal trim) is the adjustment of the airplane’s horizontal stabilizer to
achieve a balanced, or stable, flight condition. The longitudinal trim control system is designed to minimize
or eliminate the pilot control forces needed to hold the flight controls in the proper position to achieve the
desired pitch for a particular phase of flight.
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officer was the pilot flying immediately after the airplane’s departure.” The flight plan
indicated that flight 261°s cruising altitude would be flight level (FL) 310.®

FDR data indicated that during the initial portion of the climb, the horizontal
stabilizer moved at the primary trim motor rate of 1/3° per second from 7° to 2° airplane
nose up. According to FDR data, the autopilot was engaged at 1340:12, as the airplane
climbed through an altitude of approximately 6,200 feet. Thereafter, the FDR recorded
horizontal stabilizer movement at the alternate trim motor rate of 1/10° per second from 2°
airplane nose up to 0.4° airplane nose down.” At 1349:51, as the airplane continued to
climb through approximately 23,400 feet at 331 knots indicated airspeed (KIAS), the
CVR recorded the horizontal stabilizer move from 0.25° to 0.4° airplane nose down.'”
This was the last horizontal stabilizer movement recorded until the airplane’s initial dive
about 2 hours and 20 minutes later. At 1353:12, when the airplane was climbing through
28,557 feet at 296 KIAS, the autopilot disengaged.

FDR information and airplane performance calculations indicated that, during the
next 7 minutes, the airplane continued to climb at a much slower rate. During this part of
the ascent, the elevators were deflected between -1° and -3°, and the airplane was flown
manually using up to as much as 50 pounds of control column pulling force."" After
reaching level flight, the airplane was flown for about 24 minutes using approximately
30 pounds of pulling force at approximately 31,050 feet and 280 KIAS. The airspeed was
then increased to 301 KIAS, and the airplane was flown for almost another 1 hour
22 minutes using about 10 pounds of pulling force. At 1546:59, the autopilot was
re-engaged.

According to Alaska Airlines documents, ATC and CVR information, and
postaccident interviews with Alaska Airlines dispatch and maintenance personnel, the
flight crew contacted the airline’s dispatch and maintenance control facilities in SEA some
time before the beginning of the CVR transcript at 1549:49'2 to discuss a jammed
horizontal stabilizer and a possible diversion to Los Angeles International Airport (LAX),
Los Angeles, California.'* These discussions were conducted on a shared company radio

7 According to FDR data, the No. 2 autopilot was selected during the initial part of the flight. Selection
of the No. 2 autopilot commands the No. 2 digital flight guidance computer (DFGC) to provide steering
guidance to the first officer’s instruments.

8 FL 310 is 31,000 feet mean sea level, based on an altimeter setting of 29.92 inches of mercury.

® Operation of the alternate trim motor during this period is consistent with pitch control being
commanded by the autopilot, which was engaged at 1340:12.

0KIAS is the speed of the airplane as shown on the airspeed indicator on the cockpit control panel. All
airspeed information from the FDR is given in KIAS.

' All estimates of pulling force in this report refer to the combined control column forces from both the
captain’s and the first officer’s control columns. It is not known whether these forces were applied by the
captain, the first officer, or both.

12 For a complete transcript of the 31-minute CVR recording, see appendix B.

BFDR data indicated that a continuing series of radio transmissions began over the very-high
frequency 2 channel (used for all non-ATC radio transmissions) about 1521 and continued until the end of
the FDR recording about 1620:56.
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frequency between Alaska Airlines’ dispatch and maintenance facilities at SEA and its
operations and maintenance facilities at LAX.

At 1549:56, the autopilot was disengaged; it was re-engaged at 1550:15.
According to the CVR transcript, at 1550:44, SEA maintenance asked the flight crew,
“understand you’re requesting...diversion to LA...is there a specific reason you prefer LA
over San Francisco?””' The captain replied, “well a lotta times its windy and rainy and wet
in San Francisco and uh, it seemed to me that a dry runway...where the wind is usually
right down the runway seemed a little more reasonable.”

At 1552:02, an SEA dispatcher provided the flight crew with the current SFO
weather (wind was 180° at 6 knots; visibility was 9 miles). The SEA dispatcher added, “if
uh you want to land at LA of course for safety reasons we will do that...we’ll...tell you
though that if we land in LA...we’ll be looking at probably an hour to an hour and a half
we have a major flow program going right now.”'> At 1552:41, the captain replied, “I
really didn’t want to hear about the flow being the reason you’re calling us cause I'm
concerned about overflying suitable airports.” At 1553:28, the captain discussed with the
first officer potential landing runways at SFO, stating, “one eight zero at six...so that’s
runway one six what we need is runway one nine, and they’re not landing runway one
nine.” The first officer replied, “I don’t think so.” At 1553:46, the captain asked SEA
dispatch if they could “get some support” or “any ideas” from an instructor to troubleshoot
the problem; he received no response. At 1555:00, the captain commented, “it just blows
me away they think we’re gonna land, they’re gonna fix it, now they’re worried about the
flow, I’'m sorry this airplane’s [not] gonna go anywhere for a while...so you know.” A
flight attendant replied, “so they’re trying to put the pressure on you,” the captain stated,
“well, no, yea.”

At 1556:08, the SEA dispatcher informed the flight crew that, according to the
SFO automatic terminal information service, the landing runways in use at SFO were 28R
and 28L and that “it hasn’t rained there in hours so I'm looking at...probably a dry
runway.” At 1556:26, the captain stated that he was waiting for a requested center of

gravity (CG) update (for landing), and then he requested information on wind conditions
at LAX. At 1556:50, the SEA dispatcher replied that the wind at LAX was 260° at 9 knots.

Nine seconds later, the captain, comparing SFO and LAX wind conditions, told the
SEA dispatcher, “versus a direct crosswind which is effectively no change in
groundspeed...I gotta tell you, when I look at it from a safety point I think that something
that lowers my groundspeed makes sense.”'® The SEA dispatcher replied, “that’ll mean
LAX then for you.” He then asked the captain to provide LAX operations with the
information needed to recompute the airplane’s CG because “they can probably whip out
that CG for you real quick.” At 1558:15, the captain told the SEA dispatcher, “we’re goin

' This is the first reference on the CVR recording to the accident flight crew’s request to divert to LAX.

15 The SEA dispatcher’s comment refers to ongoing departure delays at LAX caused by heavy air traffic
congestion.

16 I the airplane had landed at SFO, it would have encountered a direct crosswind from the south. If the
airplane had landed at LAX, it would have encountered a minimal crosswind from the southwest.
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to LAX we’re gonna stay up here and burn a little more gas''” get all our ducks in a row,
and then we’ll uh be talking to LAX when we start down to go in there.” At 1558:45, the
captain asked LAX operations if it could “compute [the airplane’s] current CG based on
the information we had at takeoff.”

At 1602:33, the captain asked LAX operations for wind information at SFO. LAX
operations replied that the winds at SFO were 170° at 6 knots. The captain replied, “that’s
what I needed. We are comin in to see you.” At 1603:56, the first officer began giving
LAX operations the information it needed to recompute the airplane’s CG for landing.

At 1607:54, a mechanic at Alaska Airlines” LAX maintenance facility contacted
the flight crew on the company radio frequency and asked, “are you [the] guys with the
uh, horizontal [stabilizer] situation?” The captain replied, “affirmative,” and the mechanic,
referring to the stabilizer’s primary trim system, asked, “did you try the suitcase handles
and the pickle switches?”'® At 1608:03, the captain replied, “yea we tried everything
together.” At 1608:08, the captain added, “we’ve run just about everything if you’ve got
any hidden circuit breakers we’d love to know about ‘em.”"” The mechanic stated that he
would “look at the uh circuit breaker uh guide just as a double check.” The LAX mechanic
then asked the flight crew about the status of the alternate trim system, and, at 1608:35, the
captain replied that “it appears to be jammed...the whole thing, it [the AC load meter]
spikes out when we use the primary, we get AC [electrical] load that tells me the motor’s
tryin to run but the brake won’t move it. when we use the alternate, nothing happens.”

At 1608:50, the LAX mechanic asked, “you say you get a spike...on the meter up
there in the cockpit when you uh try to move it with the...primary right?”” According to
the CVR transcript, at 1608:59, the captain addressed the first officer before responding to
the mechanic, stating, “I’m gonna click it off you got it.” One second later, the first officer
replied, “ok.” At 1609:01, the captain reiterated to the LAX mechanic that the spike
occurred “when we do the primary trim but there’s no appreciable uh change in the uh
electrical uh when we do the alternate.” The LAX mechanic replied that he would see
them when they arrived at the LAX maintenance facility.

17 The airplane did not have an in-flight fuel dumping system.

18 «“Suitcase handles” is a colloquial term for the longitudinal trim handles located on the center control
pedestal. “Pickle switches” is a colloquial term for the trim switches located on the outboard side of each of
the control wheels.

1 According to the CVR transcript, at 1550:14, the first officer had asked the captain to move his seat
forward so that he could check a panel behind the captain’s seat that contained circuit breakers for the
horizontal stabilizer trim system. The first officer then stated to the captain, “I don’t think there’s anything
beyond that we haven’t checked.”

20 According to postaccident testing, the indicator needle on the AC load meter in the cockpit normally
“spikes,” or rises, to a maximum indication when the primary trim motor is engaged. Once the acme screw
begins to rotate, the amount of electrical current required to sustain the rotation drops significantly, and the
indicator needle will quickly drop to near zero. However, if the acme screw is held fixed or jammed while
the primary trim motor is engaged, the indicator needle will remain at the maximum indication. Engagement
of the alternate trim motor, regardless of the acme screw’s condition, does not cause the indicator needle to
spike because of its significantly lower electrical current requirements. For more information about the
primary and alternate trim systems, see sections 1.6.1.1 and 1.6.1.2.
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At 1609:13, the captain stated, “lets do that.” At 1609:14.8, the CVR recorded the
sound of a click and, at the same time, the captain stating, “this’ll click it off.” According
to FDR data, the autopilot was disengaged at 1609:16. At the same time, the CVR
recorded the sound of a clunk, followed by two faint thumps in short succession at
1609:16.9. The CVR recorded a sound similar to the horizontal stabilizer-in-motion tone?!
at 1609:17. At 1609:19.6, the CVR again recorded a sound similar to the horizontal
stabilizer-in-motion tone, followed by the captain’s comment, “you got it?”” (FDR data
indicated that during the 3 to 4 seconds after the autopilot was disengaged, the horizontal
stabilizer moved from 0.4° to a recorded position of 2.5° airplane nose down, and the
airplane began to pitch nose down, starting a dive that lasted about 80 seconds as the
airplane went from about 31,050 to between 23,000 and 24,000 feet.)*> Figure 1 shows the
accident airplane’s flightpath, starting about 1609 (about the time of the initial dive) and
ending about 1620 (about the time of the second and final dive). Figure 2 shows the radar
altitude data and selected ATC transmissions for about the same time period.
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Figure 1. The accident airplane’s flightpath, starting about 1609 (about the time of the
initial dive) and ending about 1620 (about the time of the second and final dive).

2! The MD-80 is equipped with a sensor to detect movement of a cable loop that is connected to the
horizontal stabilizer. If the horizontal stabilizer continuously moves through about 1.1°, a 1-second audible
signal is produced in the cockpit by the sensor. This audible signal is produced about every 0.55° of
continuous movement thereafter. The sensor resets when the horizontal stabilizer stops moving.

22 During the initial dive, the airplane accelerated to a maximum speed of 353 KIAS, and this value
remained nearly constant until 1610:23 as the airplane was descending through 24,200 feet.
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Figure 2. Radar altitude data and selected ATC transmissions from about 1609 to 1620.

At 1609:26, the captain stated, “it got worse,” and, 5 seconds later, he stated
“you’re stalled.” One second later, the CVR recorded a sound similar to airframe vibration
getting louder. At 1609:33, the captain stated, “no no you gotta release it ya gotta release
it.” This statement was followed by the sound of a click 1 second later. At 1609:52, the
captain stated, “help me back help me back.” Two seconds later, the first officer
responded, “ok.”

One second later, at 1609:55, the captain contacted the Los Angeles Air Route
Traffic Control Center (ARTCC)* and stated, “center Alaska two sixty one we are uh in a
dive here.” At 1610:01.6, the captain added, “and I’ve lost control, vertical pitch.”
At 1610:01.9, the CVR recorded the sound of the overspeed warning (which continued for
the next 33 seconds). At 1610:05, the controller asked flight 261 to repeat the
transmission, and, at 1610:06, the captain responded, “yea we’re out of twenty six

2 According to the CVR and ATC transcripts, flight 261 had established contact with the Los Angeles
ARTCC controller about 1551:21.
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thousand feet, we are in a vertical dive...not a dive yet...but uh we’ve lost vertical control
of our airplane.” At 1610:20, the captain stated, “just help me.”

At 1610:28.2, the captain informed the Los Angeles ARTCC controller, “we’re at
twenty three seven request uh.” At 1610:33, the captain added, “yea we got it back under
control here.” One second later, the first officer transmitted, “no we don’t.” At 1610:45,
the first officer stated, “let’s take the speedbrakes off.” One second later, the captain
responded, “no no leave them there. it seems to be helping.” At 1610:55, the captain
stated, “ok it really wants to pitch down.” At 1611:06.6, the captain stated that they were
at “twenty four thousand feet, kinda stabilized.” Three seconds later he added, “we’re
slowin’ here, and uh, we’re gonna uh do a little troubleshooting, can you gimme a block
[altitude] between uh, twenty and twenty five?* FDR data indicated that, by 1611:13, the
airplane’s airspeed had decreased to 262 KIAS, and the airplane was maintaining an
altitude of approximately 24,400 feet with a pitch angle of 4.4°. At 1611:21, the controller
assigned flight 261 a block altitude of between FL 200 and 250. Airplane performance
calculations indicated that between about 130 and 140 pounds of pulling force was
required to recover from the dive.

At 1611:43, the first officer stated, “whatever we did is no good, don’t do that
again.” One second later, the captain responded, “yea, no it went down it went to full nose
down.” Four seconds later, the first officer asked, “uh it’s a lot worse than it was?” At
1611:50, the captain replied, “yea yea we’re in much worse shape now,” adding, at
1611:59, “I think it’s at the stop, full stop...and I’m thinking...can it go any worse...but it
probably can...but when we slowed down, lets slow it lets get down to two hundred knots
and see what happens.”

At 1612:33, the captain told LAX maintenance, “we did both the pickle switch and
the suitcase handles and it ran away full nose trim down.” At 1612:42, the captain added,
“and now we’re in a pinch so we’re holding uh we’re worse than we were.” At 1613:04,
the captain indicated to LAX maintenance that he was reluctant to try troubleshooting the
trim system again because the trim might “go in the other direction.” At 1613:10, the LAX
mechanic responded, “ok well your discretion uh if you want to try it, that’s ok with me if
not that’s fine. um we’ll see you at the gate.” At 1613:22, the captain stated, “I went tab
down...right, and it should have come back instead it went the other way.” At 1613:32, the
captain asked the first officer, “you wanna try it or not?” The first officer replied, “uhh no.
boy I don’t know.” Airplane performance calculations indicated that about 120 pounds of
pulling force was being applied to the pilots’ control columns at this point.

At 1614:54, the Los Angeles ARTCC controller instructed the flight crew to
contact another ARTCC controller on frequency 126.52, which the flight crew
acknowledged. At 1615:19, the first officer contacted another ARTCC controller on
126.52 and stated, “we’re with you we’re at twenty two five, we have a jammed stabilizer
and we’re maintaining altitude with difficulty. uh but uh we can maintain altitude we
think...our intention is to land at Los Angeles.” The controller cleared the airplane direct

2% A block altitude assignment allows an airplane to operate between the assigned upper and lower
altitude limits.
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to LAX and then asked, “you want lower [altitude] now or what do you want to do sir?”” At
1615:56, the captain replied, “I need to get down about ten, change my configuration,
make sure I can control the jet and I’d like to do that out here over the bay if [ may.”

At 1616:32, the Los Angeles ARTCC controller issued flight 261 a heading of
280° and cleared the flight to descend to 17,000 feet. At 1616:39, the captain
acknowledged, “two eight zero and one seven seventeen thousand Alaska two sixty one.
and we generally need a block altitude.” At 1616:45, the controller responded, “ok and
just um I tell you what do that for now sir, and contact LA center on one three five point
five they’ll have further uh instructions for you sir.” At 1616:56.9, the first officer
acknowledged, “ok thirty five five say the altimeter setting.” The controller responded,
“the LA altimeter is three zero one eight.” At 1617:02, the first officer responded, “thank
you.” According to the CVR and ATC recordings, this was the last radio transmission
made from flight 261.

After the radio transmission, the captain told a flight attendant that he needed
“everything picked up” and “everybody strapped down.” At 1617:04, the captain added,
“I’m gonna unload the airplane and see if we can...we can regain control of it that way.”
At 1617:09, the flight attendant stated, “ok we had like a big bang back there,” and, the
captain replied, “yea I heard it.” At 1617:15, the captain stated, “I think the stab trim thing
is broke.” At 1617:21, the captain again told the flight attendant to make sure the
passengers were “strapped in now,” adding 3 seconds later, “cause I’'m gonna I’'m going to
release the back pressure and see if I can get it...back.”

At 1617:54, the captain stated, “gimme slats extend,” and, at 1617:56.6, a sound
similar to slat/flap handle movement was recorded by the CVR. At 1617:58, the captain
added, “I’'m test flyin now.” At 1618:05, the captain commanded an 11° flap deployment,
and, at 1618:07, a sound similar to slat/flap handle movement was recorded. At 1618:17,
the captain stated, “its pretty stable right here...see but we got to get down to a hundred
an[d] eighty [knots].” At 1618:26, the captain stated, “OK...bring bring the flaps and slats
back up for me,” and, at 1618:36.8, sounds similar to slat/flap handle movement were
recorded. At 1618:47, the captain stated, “what [ wanna do...is get the nose up...and then
let the nose fall through and see if we can stab it when it’s unloaded.”

At 1618:56, the first officer responded, “you mean use this again? I don’t think we
should...if it can fly.” At 1619:01, the captain replied, “it’s on the stop now, it’s on the
stop.” At 1619:04, the first officer replied, “well not according to that it’s not.” At this
time, FDR data indicated a horizontal stabilizer angle of 2.5° airplane nose down. Three
seconds later, the first officer added, “the trim might be, and then it might be uh, if
something’s popped back there... it might be mechanical damage too.” At 1619:14, the
first officer stated, “I think if it’s controllable, we oughta just try to land it.” Two seconds
later, the captain replied, “you think so? ok lets head for LA.”

About 5 seconds later, the CVR recorded the sound of a series of at least four
distinct “thumps.”® At 1619:24, the first officer asked, “you feel that?” and the captain

2 The CVR transcript describes this sound as a “faint thump.”
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replied, “yea.” At 1619:29, the captain stated, “ok gimme sl---.” At 1619:32.8, the CVR
recorded the sound of two clicks similar to the sound of slat/flap movement. At 1619:36.6,
the CVR recorded the sound of an “extremely loud noise” and the sound of background
noise increasing, which continued until the end of the recording. At the same time, the
CVR also recorded sounds similar to loose articles moving around the cockpit. FDR data
indicated that at 1619:36.6, the flaps were extending and the slats were moving to the mid
position. The next few seconds of FDR data indicated a maximum airplane-nose-down
pitch rate of nearly 25° per second. The FDR recorded a significant decrease in vertical
acceleration values (negative Gs),*® a nose-down pitch angle, and a significant decrease in
lateral acceleration values. By 1619:40, the airplane was rolling left wing down, and the
rudder was deflected 3° to the right.

FDR data indicated that, by 1619:42, the airplane had reached its maximum valid
recorded airplane-nose-down pitch angle of -70°. At this time, the roll angle was passing
through -76° left wing down. At 1619:43, the first officer stated, “mayday,” but did not
make a radio transmission. Six seconds later, the captain stated, “push and roll, push and
roll.” FDR data indicated that, by 1619:45, the pitch angle had increased to -28°, and the
airplane had rolled to -180° (inverted). Further, the airplane had descended to 16,420 feet,
and the indicated airspeed had decreased to 208 knots.

At 1619:54, the captain stated, “ok, we are inverted...and now we gotta get it.”
FDR data indicated that at this time, the left aileron moved to more than 16° (to command
right wing down), then, during the next 6 seconds, it moved in the opposite direction to
-13° (to command left wing down). At 1619:57, the rudder returned to the near 0°
position, the flaps were retracted, and the airplane was rolling through -150° with an
airplane-nose-down pitch angle of -9°. After 1619:57, the airplane remained near inverted
and its pitch oscillated in the nose-down position.

At 1620:04, the captain stated, “push push push...push the blue side up.” At
1620:16, the captain stated, “ok now lets kick rudder...left rudder left rudder.” Two
seconds later, the first officer replied, “I can’t reach it.” At 1620:20, the captain replied,
“ok right rudder...right rudder.” At 1620:38, the captain stated, “gotta get it over
again...at least upside down we’re flyin.” At 1620:49, the CVR recorded sounds similar to
engine compressor stalls and engine spooldown.?” At 1620:54, the captain commanded
deployment of the speedbrakes, and, about 1 second later, the first officer replied, “got it.”
At 1620:56.2, the captain stated, “ah here we go.” The FDR recording ended at 1620:56.3,
and the CVR recording ended at 1620:57.1.

The airplane impacted the Pacific Ocean near Port Hueneme, California. Pieces of
the airplane wreckage were found floating on and beneath the surface of the ocean. The
main wreckage was found at 34° 03.5' north latitude and 119° 20.8' west longitude.

26 A G is a unit of measurement of force on a body undergoing acceleration as a multiple of its weight.
The normal load factor for an airplane in straight and level flight is about 1 G. As the load factor decreases
from 1 G, objects become increasingly weightless, and at 0 G, those objects float.

27 An engine compressor stall, or surge, results from interruption of normal airflow through the engine,
which can be caused by an engine malfunction or disturbance of inlet airflow at high angles-of-attack.
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1.2 Injuries to Persons

Table 1. Injury chart.

Injuries Flight Crew Cabin Crew Passengers Other Total
Fatal 2 3 83 0 88
Serious 0 0 0 0 0
Minor 0 0 0 0 0
None 0 0 0 0 0
Total 2 3 83 0 88

1.3 Damage to Airplane

The airplane was destroyed by impact forces.

1.4 Other Damage

No other damage resulted from this accident.

1.5 Personnel Information

The accident flight crew spent the night before the accident at Alaska Airlines’
layover hotel, which was in a resort located outside of Puerto Vallarta. Witness statements
and hotel records indicated that the captain and first officer watched the Super Bowl in the
hotel lounge and ate both breakfast and dinner in the hotel restaurant.”® The flight crew
that flew the accident airplane into PVR spoke to the accident flight crewmembers, and
they indicated that the flight crew appeared rested before the accident flight.

1.5.1 The Captain

The captain, age 53, was hired by JetAmerica®® on August 16, 1982. The captain
held an airline transport pilot (ATP) certificate, issued March 16, 1984, with a type rating

2 For more information about the flight crew’s preaccident activities, see the Operations/Human
Performance Group Chairman’s report and addendums in the Safety Board’s public docket for this accident.

% JetAmerica merged with Alaska Airlines in 1987. According to Alaska Airlines records, the captain
began JetAmerica merger training on September 8, 1987.
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in the Douglas DC-9 (DC-9)/McDonnell Douglas MD-80 (MD-80). Additionally, he held
a turbojet flight engineer certificate and ground and flight instructor certificates. The
captain’s most recent FAA first-class medical certificate was issued on November 15,
1999, and contained the limitation that he must wear corrective lenses.

According to Alaska Airlines records, the captain had flown approximately
17,750 total flight hours, including 10,460 hours as pilot-in-command, of which about
4,150 hours were as pilot-in-command in the MD-80. He had flown approximately 133,
52, and 24 hours in the last 90, 30, and 7 days, respectively, before the accident.
According to company records, the captain satisfactorily completed his last line check on
July 15, 1999; his last recurrent training on November 19, 1999; and his last proficiency
check on November 23, 1999. Company records also indicated that the captain was
off-duty for 2 days before the day of the accident flight. A search of FAA and company
records showed no accident, incident, or enforcement or disciplinary actions, and a search
of records at the National Driver Register found no history of driver’s license revocation
or suspension.

1.5.2 The First Officer

The first officer, age 57, was hired by Alaska Airlines on July 17, 1985.% The first
officer held an ATP certificate, issued April 3, 1985, with type ratings in the DC-9/MD-80,
DC-6, and DC-7. The flight officer’s most recent FAA second-class medical certificate
was issued on April 7, 1999, and contained the limitation that he must wear corrective
lenses.

According to Alaska Airlines records, the first officer had flown approximately
8,140 total flight hours, including about 8,060 hours as first officer in the MD-80. He had
flown approximately 142, 78, and 15 hours in the past 90, 30, and 7 days, respectively,
before the accident. According to company records, the first officer satisfactorily completed
his last line check on March 16, 1997; his last recurrent training on April 23, 1999; and his
last proficiency check on April 25, 1999. Company records also indicated that the first
officer was off-duty for 3 days before the day of the accident flight. A search of FAA and
company records showed no accident, incident, or enforcement or disciplinary actions, and
a search of records at the National Driver Register found no history of driver’s license
revocation or suspension.

1.6 Airplane Information

The MD-80 is a low-wing, twin engine, transport-category airplane. The MD-80,
which the FAA certified in August 1980, was derived from earlier DC-9 series model
airplanes. As a result, much of the MD-80’s structure and many of its systems,
components, and installations are similar to the earlier DC-9 model. According to

30 According to Alaska Airlines records, the first officer also began JetAmerica merger training on
September 8, 1987.
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Boeing,’' the first DC-9 airplane entered service in December 1965; the final DC-9
airplane entered service in October 1982. MD-80 series model airplanes—the MD-81,
-82, -83, and -88—were in production through 1999.% The DC-9 family of airplanes also
includes McDonnell Douglas MD-90 (MD-90) and Boeing 717 (717) series airplanes.**

Alaska Airlines began operating MD-80 airplanes on June 30, 1984. The accident
airplane, N963AS, an MD-83, serial number (S/N) 53077, was manufactured in 1992 and
added to Alaska Airlines’ operating certificate on May 27, 1992.** According to Alaska
Airlines records, the airplane had accumulated about 26,584 total hours of operation
(14,315 flight cycles)® at the time of the accident. The airplane was configured to seat a
maximum of 12 first-class and 128 economy-class passengers and to carry cargo.

The accident airplane was equipped with two Pratt & Whitney JT8D-217C
turbofan engines. Company records indicated that the No. 1 (left) engine, S/N 728068,
was manufactured in May 1995 and installed on the accident airplane on April 20, 1999,
and had operated about 16,970 hours (8,994 flight cycles) since new. At the time of the
accident, the No. 1 engine had 3,006 flight cycles remaining until a limited inspection of
its low-pressure turbine shaft was required. The No. 2 (right) engine, S/N 726852, was
manufactured in April 1992 and installed on the accident airplane on May 24, 1999, and
had operated about 24,034 hours (13,266 flight cycles) since new. At the time of the
accident, the No. 2 engine had 6,305 flight cycles remaining until a limited inspection of
its low-pressure turbine shaft was required.

According to Alaska Airlines dispatch documents for the accident flight, the accident
airplane’s takeoff weight was calculated to be 136,513 pounds,* including 34,902 pounds
of fuel. Alaska Airlines’ load sheet for the accident flight indicated that there were 10
passengers in the first-class cabin, 70 passengers (not including 3 children)’’ in the coach
cabin, and 5 crewmembers (2 flight crewmembers and 3 cabin crewmembers) on board the
airplane. The dispatch documents indicated that the airplane’s takeoff CG was calculated to
be 12.8 percent mean aerodynamic chord (MAC).*

31 The Boeing Commercial Airplane Group and the McDonnell Douglas Corporation merged in
August 1997. The Douglas Aircraft Company became the McDonnell Douglas Corporation in April 1967
when it merged with the McDonnell Aircraft Company.

32 A total of 1,191 MD-80 series airplanes were produced.

33 A total of 117 MD-90 series airplanes were produced from February 13, 1993, to October 23, 2000. A
total of 104 717s have been produced, starting on September 23, 1999, and 717s are still in production.

3* According to Alaska Airlines, the registered airplane owner was the First Security Bank of Utah.
3% A flight cycle is one complete takeoff and landing sequence.

3¢ The accident airplane’s weight and balance were calculated using the January 10, 2000, revision of
the Alaska Airlines MD-80 Loading Handbook. The maximum certificated takeoff gross weight for the
accident airplane was 160,000 pounds, the maximum climb weight for takeoff was 153,900 pounds, and the
maximum landing weight was 130,000 pounds.

37 According to the Alaska Airlines MD-80 Loading Handbook, passengers under 2 years of age are not
considered for weight and balance purposes during normal operations.

3% The maximum forward CG limit for the accident airplane was 8.0 percent MAC, and the maximum
aft CG limit was 26.0 percent MAC.
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1.6.1 MD-80 Longitudinal Trim Control System Information

Longitudinal control for the MD-80 (and for all DC-9, MD-90, and 717 series
airplanes), that is, control of the airplane’s pitch movements, is provided by the horizontal
stabilizer and the elevators. The horizontal stabilizer is mounted on top of the 18-foot-high
vertical stabilizer; they are connected by two hinges at the aft spar of the horizontal
stabilizer and with a single jackscrew assembly at the front spar of the stabilizer in a T-tail
configuration (see figure 3). The horizontal stabilizer is about 40 feet long and comprises a
center box and a left and a right outboard section. Each outboard section of the horizontal
stabilizer has an elevator hinged to its trailing edge. Coarse pitch movements are achieved
with elevator movement via mechanical linkage from the elevator control tabs to the
cockpit control columns (see figure 4). Finer adjustments to pitch are achieved by
changing the angle of the entire horizontal stabilizer. The leading edge of the horizontal
stabilizer is raised or lowered by the jackscrew assembly as the stabilizer’s trailing edge
pivots (rotates) about its hinge points.
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Figure 3. Installation of jackscrew assembly within the horizontal and vertical stabilizers.
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Figure 4. The MD-80 horizontal and vertical stabilizer tail structure.

Movement of the horizontal stabilizer is provided by the jackscrew assembly,
which consists of an acme screw and nut, a torque tube inside the acme screw, two
gearboxes, two trim motors (an alternate and a primary), and associated components and
supports. (See figures 3 through 6 for details of the longitudinal trim system actuating
mechanism and the jackscrew assembly.) The upper end of the jackscrew assembly is
attached to the front spar of the horizontal stabilizer, and the lower end is threaded through
the acme nut, which is attached to the vertical stabilizer with a gimbal ring and retaining
pins. The acme screw and nut each have two threads that rotate in a spiral along their
length. Figure 6 shows the longitudinal trim system and the jackscrew assembly.
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Figure 5. Acme screw and nut.

Movement of the horizontal stabilizer is commanded either automatically by the
autopilot when it is engaged, or manually by the flight crew by depressing either set of
dual trim switches (located on each control wheel), moving the dual longitudinal trim
handles on the center control pedestal, or moving the dual alternate trim control switches
on the center pedestal (see figure 7). Any of these commands activates one of the two
electric motors that rotate the acme screw by applying torque to the titanium torque tube
that is held fixed inside the acme screw. The motors are deenergized whenever either the
autopilot senses that the horizontal stabilizer has reached the desired pitch trim condition,
when pilot commands are terminated, or when the horizontal stabilizer reaches its
maximum travel limits. Electrical travel limit shutoff switches (also known as the
electrical stops) stop the motors at the maximum limits of travel. The MD-80 horizontal
stabilizer’s design limits are 12.2° leading edge down, which results in airplane-nose-up
trim, and 2.1° leading edge up, which results in airplane-nose-down trim, as set by the
electrical stops.
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Figure 6. Detailed schematic of the longitudinal trim actuating mechanism.
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Figure 7. Cockpit switches, handles, and indicators for the longitudinal control system.

The jackscrew assembly also has upper and lower mechanical stops splined to the
acme screw to stop screw rotation if the travel limit shutoff switches malfunction. The
mechanical stops rotate with the acme screw as it turns and act as the mechanical limits for
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its range of travel.** Stopping action is provided by contact between the head of a steel
stop bolt in the mechanical stop and the head of a similar bolt in the acme nut.

1.6.1.1 Primary Trim Control System

As previously stated, the primary trim control system is activated by depressing
either set of control wheel trim switches or moving the dual longitudinal trim handles. The
pair of switches located on each control wheel is designed to be depressed simultaneously.
Both switches on the same control wheel must be moved simultaneously in the same
direction to command up or down movement of the horizontal stabilizer. One switch is a
motor control switch; the other switch is a brake control switch. Moving the motor control
switch energizes the airplane-nose-up or nose-down circuits. Moving the brake control
switch energizes the corresponding brake control relay and releases the brake in the trim
motor. Energizing the brake control relay automatically disengages the autopilot.

The pair of longitudinal trim handles on the left side of the control pedestal also
serve as a mechanical means of activating the trim control system in the event of an
electrical circuit failure in the control wheel switches. The pair of handles is designed to
be gripped with one hand and moved simultaneously in the same direction. Operation of
the handles in a trim direction opposite that being commanded by the control wheel trim
switches will override the control wheel trim switch command. A primary trim brake
switch is also installed on the center pedestal; it is designed to stop horizontal stabilizer
movement, when activated, if a malfunction occurs in the primary trim control system.

The primary trim control system uses the primary trim motor, which is mounted on
top of the jackscrew assembly. When powered by the primary trim motor, the horizontal
stabilizer moves about 1/3° per second. The primary trim motor rotates the acme screw at
speeds of about 35 rpm and has a maximum torque capability (stall torque) of 18,850
inch-pounds.

1.6.1.2 Alternate Trim Control System

As previously mentioned, the alternate trim control system is activated by
autopilot commands or by activation of a pair of alternate trim control switches, which are
located in the center of the control pedestal, aft of the throttles. These alternate trim
control switches must be moved simultaneously in the same direction to activate the
alternate trim system. As with the primary trim system, one switch controls the motor, and
the other switch controls the brake.

The alternate trim control system uses the alternate trim motor, which is mounted
on the jackscrew assembly next to the primary trim motor. When powered by the alternate
trim motor, the horizontal stabilizer moves about 1/10° per second. The alternate trim

% Boeing engineering data, computer modeling, and ground demonstrations on an actual airplane
indicated that the maximum possible horizontal stabilizer position when the acme screw lower mechanical
stop is pulling up on, but is restrained by, the acme nut is about 3.1° airplane nose down.
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motor rotates the acme screw at speeds of about 10 rpm and has a maximum torque
capability of 4,400 inch-pounds.

1.6.1.3 Autopilot Pitch Control

When the autopilot is engaged and the flight crew selects a desired flight mode (for
example, maintaining a constant altitude, pitch angle, or rate of climb), the autopilot will
transmit pitch control signals to the DFGC. The DFGC processes the signals and sends
them to the elevator control tab servos, which move the elevator control tabs the proper
amount to execute the commanded pitch maneuver. If the signals to the servos are
sustained for more than 5 seconds, the DFGC will then command the alternate trim motor
to move the horizontal stabilizer in a direction that will relieve the elevator deflection.

Autopilot trim annunciator warning lights in the cockpit illuminate to alert the
flight crew if a horizontal stabilizer out-of-trim condition exists while the autopilot is
engaged. Specifically, after 10 seconds if there is no horizontal stabilizer movement in
response to autopilot commands, the autopilot trim annunciator warning lights illuminate.
If such a condition exists, the autopilot will not automatically disengage. The light will
remain on until the autopilot is manually disengaged. According to Boeing, both the
captain’s and the first officer’s control panels have flight mode annunciators to annunciate
“A/P [autopilot] TRIM.”

1.6.2 Design and Certification of MD-80 Series Airplanes

1.6.2.1 General

The original DC-9 was certified in 1965 under Civil Aeronautics Regulations
(CAR) 4b, as revised through Amendment 12, March 30, 1962, as were other early models
in the DC-9 series. The MD-80 was certified in 1980. More recent models of the DC-9,
MD-80, MD-90, and 717 were certified under 14 CFR Part 25 and applicable
amendments. However, systems that were similar to or that did not change significantly
from the earlier DC-9 models, such as the longitudinal trim control system, were not
required to be recertified under 14 CFR Part 25. Therefore, CAR 4b remained the
certification basis for those parts of the MD-80, MD-90, and 717.

1.6.2.2 Longitudinal Trim Control System Certification

Pertinent sections of CAR 4b that were applicable to the original certification of
the DC-9’s longitudinal trim control system are outlined below.

CAR Section 4b.201(a), “Strength and Deformation,” stated that structure “shall
be capable of supporting limit loads without suffering detrimental permanent
deformation.”*® CAR Section 4b.270, “Fatigue Evaluation of Flight Structure,” stated the
following:*!

40 Substantially similar requirements are currently contained in 14 CFR 25.305.

4! Substantially similar requirements are currently contained in 14 CFR 25.571.
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The strength, detail design, and fabrication of those portions of the airplane’s
flight structure in which fatigue may be critical shall be evaluated in accordance
with the provisions of either paragraph (a) or (b) of this section.

(a) Fatigue strength. The structure shall be shown by analysis and/or tests to be
capable of withstanding the repeated loads of variable magnitude expected in
service....

(b) Fail safe strength. 1t shall be shown by analysis and/or tests that catastrophic
failure or excessive structural deformation, which could adversely affect the
flight characteristics of the airplane, are not probable after fatigue failure or
obvious partial failure of a single principal structural element. After such
failure, the remaining structure shall be capable of withstanding static loads
corresponding with the flight loading condition specified [in CAR 4b]. These
loads shall be multiplied by a factor of 1.15 unless the dynamic effects of
failure under static load are otherwise taken into consideration.

CAR Section 4b.320(d), “Control Systems,” stated the following:** “Each
adjustable stabilizer must have a means to allow any adjustment necessary for continued
safety of flight after the occurrence of any reasonably probable single failure of the
actuating system.”

CAR Section 4b.322, “Trim Controls and Systems,” described the trim control
systems requirements as follows:*

(a) Trim controls shall be designed to safe guard against inadvertent or abrupt
operation....

(e) Trim devices shall be capable of continued normal operation in the event of
failure of any one connecting or transmitting element of the primary flight
control system.

CAR Section 4b.325, “Control System Stops,” stated the following:*

(a) All control systems shall be provided with stops which positively limit the
range of motion of the control surfaces.

(b) Control system stops shall be so located in the systems that wear, slackness, or
take-up adjustments will not affect adversely the control characteristics of the
airplane because of a change in the range of surface travel.

(c) Control system stops shall be capable of withstanding the loads corresponding
with the design conditions for the control systems.

2 Substantially similar requirements are currently contained in 14 CFR 25.671.
4 Substantially similar requirements are currently contained in 14 CFR 25.677.

4 Substantially similar requirements are currently contained in 14 CFR 25.675.
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CAR Section 4b.606, “Equipment, Systems, and Installations,” Subsection (b),
“Hazards,” stated, “All equipment, systems, and installations shall be designed to
safeguard against hazards to the airplane in the event of their malfunctioning or failure.”
Similar requirements are currently contained in 14 CFR 25.1309. Specifically, 14 CFR
25.1309 requires that airplane systems and associated components be designed so that “the
occurrence of any failure condition which would prevent the continued safe flight and
landing of the airplane*! is extremely improbable.” Further, FAA AC 25.1309-1A,
“System Design and Analysis,” defines “extremely improbable” failure conditions as
“those so unlikely that they are not anticipated to occur during the entire operational life of
all airplanes of one type” and “having a probability on the order of 1 x 10? or less each
flight hour, based on a flight of mean duration for the airplane type.” AC 25.1309-1A
specifies that in demonstrating compliance with 14 CFR 25.1309, “the failure of any
single element, component, or connection during any one flight...should be assumed,
regardless of its probability,” and “such single failures should not prevent continued safe
flight and landing, or significantly reduce the capability of the airplane or the ability of the
crew to cope with the resulting failure condition.”

According to Boeing, the longitudinal trim control system on the DC-9 was similar
to the one used on earlier Douglas DC-8 (DC-8) airplanes. However, the DC-8 was
equipped with a dual jackscrew design that provided structural and operational
redundancy. According to Boeing, even though the DC-9 had a single jackscrew assembly,
structural redundancy was accomplished by inserting a torque tube within the acme screw.

A Safety Board review of DC-9, MD-80/90, and 717 series airplane certification
documents* indicated that the manufacturer provided material strength and loads
information, stress calculations, and analyses to support assertions that the acme screw
and torque tube were designed so that each of these two components could withstand
tensile and compressive loads well beyond that which could be generated by aerodynamic
forces acting on the horizontal stabilizer."’ The documents also indicated that these
assertions were based on the assumption of a new, intact acme screw and nut that met
design specifications and that the acme screw and nut threads were intact and engaged to
act as a load path.

Certification documents also included calculations and analyses to support the
assertions that the jackscrew assembly was capable of carrying limit loads, with a margin

45 A failure that would prevent continued safe flight and landing is referred to in Advisory Circular (AC)
25.1309-1A as a “catastrophic” failure condition.

% The Safety Board requested all available documentation addressing the certification of these airplane
designs. Documentation provided by Boeing included the April 15, 1965, DC-9 Flight Controls System
Fault Analysis Report (revised July 14, 1997); the 1964 DC-9 Control System Design Criteria; and the April
1998 MD-95-30 Control Systems Loads and Criteria Report. (The MD-95 was renamed the Boeing 717
when McDonnell Douglas and Boeing merged.) Internal design memorandums that addressed the horizontal
stabilizer trim system were also reviewed.

47 According to certification documents provided by Boeing, the DC-9/MD-80 series horizontal
stabilizer acme screw was designed to carry an ultimate tension load of about 53,000 pounds. This load was
calculated by assuming the highest aerodynamic loads that could be safely carried by the horizontal
stabilizer structure in flight and then multiplying that load by 150 percent.
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of safety, in either pure tension or compression, without failing, for each of the following
scenarios:

* A fractured acme screw. According to the certification documents, this was
accomplished by designing the inner torque tube with the capability to support
limit operational tension and compression loads (in addition to the normal
operational torsion loads) generated by the horizontal stabilizer.

* A fractured torque tube. According to the certification documents, this was
accomplished by designing the jackscrew assembly so that if a torque tube
fractured, trim operation would immediately cease. Under this failure scenario,
the loads generated by the horizontal stabilizer would continue to be carried by
the acme screw and nut, and pitch control would still be possible through the
elevators.

* The loss of 90 percent of acme screw and nut threads. According to the
certification documents, this was accomplished by designing the acme screw
and nut with more threads than were structurally necessary.

* The failure of one entire thread spiral in the acme screw or nut. According
to the certification documents, this was accomplished by incorporating two
independent thread spirals along the acme screw’s length. A Boeing Airplane
Services structures engineering manager who testified at the Safety Board’s
public hearing on the flight 261 accident confirmed that “the reason behind
having two independent threads is that if one of the threads were to fail, the
other thread will carry the load.”

A Safety Board review of the April 15, 1965, DC-9 Flight Controls System Fault
Analysis Report (revised July 14, 1997) indicated that no contingency for the complete
loss of the acme nut threads was incorporated into the design for the longitudinal trim
control system. According to the fault analysis, the acme nut was designed with a softer
material than the acme screw and its threads were designed to wear. Acme nut threads are
made of an aluminum-bronze alloy and are about 0.15 inch thick at the minor diameter
when new. The acme screw threads are made of case-hardened steel.

The DC-9 jackscrew assembly was originally designed for a service life of
30,000 flight hours and was not originally subject to periodic inspections for wear.
In 1966, 1 year after the DC-9 went into service, the discovery of several assemblies with
excessive wear resulted in the development and implementation of an on-wing end play
check procedure to measure the gap between the acme screw and nut threads as an
indicator of wear.*® Thereafter, Douglas guidance specified that acme nut thread wear
periodically be measured using an end play check procedure, and the acme nut was to be
replaced when the specified end play measurement (0.040 inch) was exceeded.®

An FAA senior Aircraft Certification Office aerospace engineer testified at the
public hearing that the jackscrew assembly was considered “primary structure because it

“ End play is an indirect measurement of acme nut thread wear. For more information, see sections
1.6.3.3.1 and 1.6.3.3.2.
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is the primary load-carrying load path from the horizontal [stabilizer] to the vertical
[stabilizer], other than the pivot attaches at the rear spar.” The FAA certification engineer
also testified that it was not considered a principal structural element and added that “not
all primary structure is a principal structural element.” He defined a principal structural