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NATIONAL TRANSPORTATION SAFETY BOARD 
Office of Research and Engineering 

Washington, D.C.  20594 
 

May 8, 2003 
 

Digital Flight Data Recorder Factual 
 

 
ADDENDUM II 

 
By Sarah McComb 

 
 
A. ACCIDENT 
 

Location: Rancho Cordova, California 
Date: February 16, 2000 
Time: 1951 pacific standard time (PST) 
Aircraft: Emery Worldwide Airlines, DC-8-71F, N8079U 
NTSB Number: DCA00MA026 

 
 
B. GROUP 

 
N/A 

 
 
C.  SUMMARY 
 

On February 16, 2000, at 1951 Pacific Standard Time (PST), a Douglas DC-8-71F, 
N8079U, registered to and operated by Emery Worldwide Airlines as flight 17 for the 14 CFR 
Part 121 scheduled cargo service from Sacramento, California, to Dayton, Ohio, crashed 
shortly after takeoff from Mather Field, Rancho Cordova, California.  Visual meteorological 
conditions prevailed and an instrument flight rules flight plan was filed.  The airplane was 
destroyed by impact forces and a post-crash fire.  The three flight crew members were fatally 
injured.  
 
 
D. ADDENDUM 
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 This Addendum to the Digital Flight Data Recorder (DFDR) Factual (dated June 12, 
2001) contains additional flight data recorder information regarding the parameters recorded on 
the accident airplane, N8079U, and also on two other Emery DC-8 airplanes, N8076U and 
N8084U. 
 
1. N8079U  
 
A. Documentation 
 
 The Safety Board initially received an electronic file provided by Emery through L2 
Consulting Services, Inc.  The file contained information on the 17 parameters recorded on the 
accident airplane’s DFDR.  The file contained either equations for converting a parameter’s raw 
recorded values to engineering units or a listing of a parameter’s raw recorded values versus 
measured engineering units.  Raw recorded decimal values versus engineering units provided 
a basis for the elevator conversion in the laboratory’s software program. 
 

Upon request, L2 Consulting Services, Inc., provided a copy of the the work card used 
for the parameter correlation performed on N8079U.  Attachments I-1 to I-16 contain a copy of 
the Emery Worldwide Airlines Work Card, “F800 DFDR Correlation Test Procedure - 17 
Parameters,” dated November 2, 1999, for N8079U.  The work card contained a description of 
the test procedure and correlation information for each of the 17 parameters recorded.  For the 
elevator correlation, a table of raw recorded octal values versus measured elevator position (in 
degrees) was included.  This information was the same as in the file originally provided to the 
Safety Board.   
 
B. Elevator Conversion 

 
The Safety Board’s subsequent conversion of the recorded elevator data based on this 

relationship resulted in a potential range of elevator positions from 12.8° trailing edge up (TEU) 
to 26.6° trailing edge down (TED).  A DC-8 elevator’s normal operating range is from 27° TEU 
to 16.5° TED.  Further examination of the converted elevator data indicated that the recorded 
elevator position was 11° TED when the gust lock was engaged.  However, with the gust lock 
engaged, by design the elevator should be in its neutral, or 0°, position.  The Board further 
noted that during the airplane’s departure from Reno, the elevators displayed a TED deflection 
while the control columns were near their rigged neutral position, which normally corresponds 
to a neutral elevator position of about 0°.  Further, the elevator’s range of motion above and 
below neutral appeared to be accurate but the total range of motion was offset from its normal 
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range.  As a result, an 11° offset in the TEU direction was applied to the converted elevator 
position data.  The table below summarizes the correlation information for the elevator position, 
as well as the elevator position with the 11° TEU offset for comparison.  

 
Correlation: Raw 
Elevator Values, 
Recorded (decimal) 

Correlation: Elevator 
Position, Measured 
(degrees, + = TEU) 

Elevator Position with 
11 degree offset 
(degrees, + = TEU) 

1760 -26.6 -15.6 
1920 -20 -9 
2078 -15 -4 
2230 -10 1 
2462 0 11 
2566 5 16 
2666 10 21 
2726 12.8 23.8 

 
 
C. Control Column Position 
 
  The Safety Board's evaluation of the recorded control column position indicated that a 
shift had occurred in the range of the raw control column position data between the time of the 
correlation and the accident.  The lower and upper bounds of the raw control column position 
data for the correlation were lower than those recorded on the DFDR.1  However, the range 
recorded on the DFDR was not close to either the upper or lower limit of the sensor range.  
The table below summarizes the lower and upper bounds of the raw control column position 
data for the correlation and as recorded on the DFDR. 
 

 Correlation:  Raw 
Control Column 
Values (decimal) 

DFDR:  Raw 
Control Column 
Values (decimal) 

Lower bound 1162 1414 
Upper bound 1640 1797 

 

                                            
1 Control column position was only recorded once per second of the DFDR.  As a result, and depending on the 
speed of control column inputs, it is possible that the DFDR did not record the peak lower and upper values of raw 
control column position. 
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  Using the conversion based on the correlation, control column position recorded on the 
DFDR was 15 deg. forward of vertical when the gust lock was engaged.  This established a 
known relationship between the geometry of the control column system and the data recorded 
on the DFDR.  Further, in reviewing the control column correlation, the Safety Board noted that 
the total range of control column position measured was 29.6 deg., very close to the design 
total range of 30.25 deg.  As a result, no adjustment was made to the control column position 
conversion provided by the operator for this airplane. 
 
2. N8076U 
 
  The Safety Board received an electronic file from Emery with information on the 17 
parameters recorded on the DFDR installed on N8076U; the Systems Group ground test 
airplane and also the airplane involved in a landing incident (MIA01IA129).  Attachment II-1 
contains a copy of, “AVSCAN PARAMETER FORMULAS FOR N8076U.”  As with the accident 
airplane, the file contained either equations for converting a parameter’s raw recorded values 
to engineering units or a listing of a parameter’s raw recorded values versus measured 
engineering units.  For those parameters with a listing of raw recorded values versus 
measured engineering units, only the minimum, neutral, and maximum engineering units and 
their corresponding raw recorded values were provided.  When looking at the file in 
comparison to the information provided for the accident airplane, the Board noted that the 
minimum, neutral, and maximum engineering units for those parameters were the same as for 
the accident airplane.  However, the corresponding raw recorded values were not the same. 
 
  The Safety Board used the information provided in the file as a basis for the parameter 
conversions.  When applied to the data recorded during the ground test, the Board noted that 
the converted FDR elevator and control column values did not match the elevator and control 
column positions physically measured on the airplane during the ground test.  Since the 
measurements taken during the ground test essentially provided a correlation, the measured 
elevator and control column position values were then used as the basis for the conversions 
and subsequent examination of the ground test data. 
 
3. N8084U 
 
  The Safety Board received a copy of the verification test procedure information on the 
17 parameters recorded on the DFDR installed on N8084U; an airplane involved in an incident 
(SEA01IA039).  Attachments III-1 to III-11 contain a copy of the Emery Worldwide Airlines 
Work Card, “F800 DFDR Ground Test Procedure - 17 Parameters,” dated January 14, 2000, 
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for N8084U.  When looking at the verification test procedure in comparison to the information 
provided for the accident airplane, the Board noted that for control surface and control input 
parameters, only the minimum, neutral, and maximum raw recorded values were documented.  
The Board inquired of L2 as to what the corresponding engineering units should be for those 
parameters.  The response was that the engineering units from the correlation performed on 
the accident airplane, N8079U, should be used.  L2 further stated that a full correlation was 
only performed on the first Emery DC-8 that was upgraded to record additional parameters, the 
accident airplane, N8079U.  Those airplanes that were subsequently upgraded were only 
subject to a verification test, during which the control surface and control input raw values on 
the DFDR were verified to be in similar ranges of those documented during the full correlation.  
The control surfaces and control inputs were moved to minimum, neutral, and maximum 
positions, but those positions were never physically measured during the verification test.   
Using the raw values from N8084’s verification test and the engineering units from N8079U’s 
correlation test to convert elevator and control column positions, the Board found that the 
parameters’ values were not within the parameters’ normal operating ranges, nor were the 
values similar to those of the accident airplane. 
 
 
 
         Sarah L. McComb 
         Mechanical Engineer 
 
Attachments: 
Attachments I-1 to I-16: Emery Worldwide Airlines Work Card, “F800 DFDR Correlation 

Test Procedure - 17 Parameters” 
Attachment II-1: AVSCAN PARAMETER FORMULAS FOR N8076U 
Attachments III-1 to III-11: Emery Worldwide Airlines Work Card, “F800 DFDR Ground Test 

Procedure - 17 Parameters”
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Emery Worldwide Airlines Work Card, 
“F800 DFDR Correlation Test Procedure - 17 Parameters” 

 



I-1

,, ~ qq ao7 crv 

,tfl![V'w . 
. i/ork Card Number: 1005-5002-70 Series-Correlation 
Work Card Title: FSOO DFDR Correlation Test Procedure -17 Parameters 

I. 
'DP<'~ Cot-cet---rtC~~ ~ LeGovl\f---

GENERAL ~ ..,._A tt/t cJ 

d I v-r t u(7/f' 
This ground test collects correlation data for the EWA 70 series FBOO 
configuration of DACO 1 through 6 parameters, ASM 7 through 11 parameter 
and FSE 12 through 17 parameter configuration. 

A. EQUIPMENT REQUIRED FOR TEST: 

1. Avionica, Inc. SU DFDR Tester/Transcr" airchild/Loral 
Portable Display Unit (P , or Equivalent 

2. Digital Protractor / 
3. Tilt Table and DGNG Extender Harnesses (Optional) ../ 
4. Pitot-static test equipment~ 
5. Signal Generator HP204D or equivalent v 
6. Work-stand capable of reaching the aft side of the horizontal 

stabilizer. v-

B. The DFDR monitors and records 17 parameters: 

1. TIME 10. HEADING/ COMPASS 
2. VERTICAL ACCEL. 11. ALTITUDE 
3. LONGITUDINAL ACCEL. 12. AUTOPILOT ENGAGE 
4. ELEVATOR SURFACE 13. CONTROL WHEEL POSITION 
5. RADIO TRANSMISSIONS 14. RUDDER PEDAL POSITION 
6. AIRSPEED 15. AILERON SURFACE 
7. PITCH ATTITUDE 16. CONTROL COLUMN POSITION 
8. ROLL ATTITUDE 17. RUDDER SURFACE 
9. ENGINE THRUST 

II. TEST SETUP 

A. Record the following: 

Revision: IR 
Date: 11/2/99 

Aircraft Serial Number/ 
Tail Number: 
DFDR Part Number: 
DFDR Serial Number: 
Biaxial Accelerometer Part 
Number (Left Wheel Well): 
Biaxial Accelerometer Serial 
Number: 

J~~civ 
\ l f'J\ ~0~ --z. '8 2. 

n 4-()l )( 

~ oo ( -o l - ( o \ ... t 

MECH INSP 
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i.E:JV.IERY •• _. ...... OWJDE AIRLINES 
Work Card Number: 1005-5002-70 Series-Correlation 
Work Card Title: FSOO DFDR Correlation Test Procedure -17 Parameters 

B. Check that the following aircraft systems are powered: DFDR power, 
115 VAC Left Emergency Buss, 28 VAC Instrument Buss 2 & 3, 28 VDC Left 
Emergency Buss, Pilots & Co-pilots Horizon & Heading, VHF Communication 
Equipment 

C. Connect front connector J1 on the DFDR to the DFDR test equipment 

WARNING: WHEN POWER TO THE DFDR IS ON, THE DFDR WILL 
RECORD OVER PREVIOUSLY RECORDED DATA (25 HOURS 
EARLIER). TO MINIMIZE DESTRUCTION OF PREVIOUSLY 
RECORDED DATA, ONLY HAVE DFDR ON DURING TESTING. 

D. Turn ON DFDR Switch and verify that the FLIGHT RECORDER OFF 
light extinguishes. 

E. Verify FOR ON/OFF switch panel lighting works from bright to off using 
the FE panel light control. 

Ill. SYNC WORD 

A. Select Word 1. / 

B. Verify the following SYNC Octal reading by Frar_ne 

FRAME# WORD #1 
1 1107 ~ 
2 2670 / 

IV. TIME 

3 5107 / 
f-----::--4 ---+-~66:,..:..70=----- ~ ~~ 

A. Select Word 17. / 

B. 

Revision: IR 
Date: 11/2199 

Verify that Word 17 counts upward. V" Ad 
¥~/.,/(~ 

MECH INSP 
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..• ERY WORLDVVIDt: AIRLINES 
dork Card Number: 1005-5002-70 Series-Correlation 
Work Card Title: FSOO DFDR Correlation Test Procedure -17 Parameters 

MECH :J 

V. MICROPHONE KEY 

A. Select Word 16. / 

B. Set power to Captain's and First Officer's VHF and HF Radios. v--

NOTE: Skip HF testing if HF systems deactivated. 

C. Verify that Bit 1 (counting from the right) is "1." / 

NOTE: Use unused VHF and HF frequencies for keying tests. ./ 

D. Select and key Captain's Audio Panel on VHF 1 and verifv that Bit 1 
toggles to "0" or the OCTAL number changes down by 1. V" · 

E. Repeat steps C and D for the Captain's Audio Panel with HF 1. J 
F. Verify that Bit 3 (counting from the right of the 12 bit word) is "1." Key _t ~ y 
F./O.'s Audio Panel on VHF 2 and verify that Bit 3 toggles to "0" or the I.\~ ~ .~ 
OCTAL number changes down by 4. v ~\C.~ \~~2 
G. Key F./O.'s Audio Panel on HF 2 and verify that Bit 3 toggles to "0.'' d fl. \1> 

VI. AUTOPILOT ENGAGE STATUS 

A. Select Word 16 

B. Verify that Bit 2 (second from right of 12 bit Word) is "0.'' 

C. Engage Autopilot and verify that Bit 2 toggles to "1.'' (or the OCTAL 
number changes up by 2) 

Revision: IR 
Date: 11/2/99 

AUTOPILOT 
POSITION 
ENGAGED 

DISENGAGED 

OCTAL 
READING 
0507 
o5o5 

Page 3 of: 
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Work Card Number: 1005-5002-70 Series-Correlation 
Work Card Title: FBOO DFDR Correlati,on Test Procedure - 17 Parameters 

Revision: IR 
Date: 11/2199 

±1 0 

HEADING 
Word 3 

Frames 1 thru 4 

HEADING OCTAL 
VALUE 

Page 6 of 16 
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C::MERY.WORLDwwnJE AlRLINES 
Work Card Number: 1005-5002-70 Series-Correlation 
Work Card Title: F800 DFDR Correlation Test Procedure -17 Parameters 

XIII. ACCELERATION 

A. With the biaxial accelerometer (left hand wheel well} in the· normal position, 
verify the following while aircraft is approximately level: 

ACCELERATION 

ACCEL. Word ACTUAL 
OCTAL 
VALUE 

Vert. 2 ~lo\'5 ~eC.-\'-'0 ~ 
L.,.___L_o---=ng!!.,_._J......_ __ 7 _ __;.J......__4....1.•o~S 5"=------~~ t>c:- - L-1 \ b 

\11ECH INSP 

Forward +1g Pointed Up 
~ (.~;. ,.s l. Jo 

L-.. /\') "i>C.. -: - u OG\. 5- .. B. 

Revision: IR 
Date: 11/2/99 

ACCEL. 

Vert. 
Long. 

ACCELERATION 

Word 

2 
7 

ACTUAL 
OCTAL 
VALUE 

--

Page 10 of 16 
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AVSCAN PARAMETER FORMULAS FOR N8076U 
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AVSCAN PARAMETER FORMULAS FOR N8076U 
 
 
17,0xf,0,0xfff,1.000000,0.000000,Time, ,lin_func_2,0,~ 
16,0xf,0,0x1,1.000000,0.000000,PTT#1, ,lin_func_2,0,~ 
16,0xf,2,0x1,1.000000,0.000000,PTT#2, ,lin_func_2,0,~ 
16,0xf,1,0x1,1.000000,0.000000,APEng, ,lin_func_2,0,~ 
13,0xf,0,0xfff,1.000000,0.000000,ALTcrs,ft ,inter_func_2,0,0/0 256/6938 512/16913 768/26850 1024/33750 1280/40688 
1536/50663 1792/60600 2048/67500 2304/74438 2560/84413 2816/94350 3015/100000 4095/100000 
29,0xf,0,0xfff,1.000000,0.000000,ALTfin,ft ,inter_func_2,0,0/0 256/257 512/626 768/994 1024/1250 1280/1507 1536/1876 
1792/2244 2048/2500 2304/2757 2560/3126 2816/3494 3015/3704 3072/3750 3328/4007 3584/4376 3840/4744 4095/5000 
19,0xf,0,0xfff,1.000000,0.000000,IAS,kts ,inter_func_2,0,0/100 256/128 512/168 768/207 1024/235 1280/263 1536/303 
1792/342 2048/370 2304/398 2560/438 2816/477 3072/505 3328/533 3380/540 3381/0 3584/33 3840/72 4095/100 
3,0xf,0,0xfff,1.000000,0.000000,HDG,Deg ,inter_func_2,1,0/0 159/10 256/18.5 380/30 512/45 655/60 768/71.6 1024/90 
1280/108.5 1392/120 1536/135 1571/140 1763/160 2048/180 2304/198.5 2425/210 2560/225 2703/240 2816/251.6 3072/270 
3328/288.5 3440/300 3584/315 3719/330 3840/341.6 4095/359.9 
20,0xf,0,0xfff,1.000000,0.000000,ATTroll,Deg ,inter_func_2,1,0/0 159/10 216/15 275/20 383/30 508/45 655/60 1024/90 128 
2047/180 2048/-180  2560/-135 3072/-90 3440/-60 3575/-45 3715/-30  3820/-20 3943/-10 4095/-0.1 
4,0xf,0,0xffe,1.000000,0.000000,ATTpitch,Deg ,inter_func_2,1,0/0 154/10 275/20 376/30 520/45 655/60 1024/90 1536/135  
2047/180 2048/-180 2560/-135 3072/-90 3452/-60 3583/-45 3720/-30 3824/-20 3944/-10 4095/-0.1 
11,0x1,0,0xfff,1.000000,0.000000,ENG1n1,% ,inter_func,1,0/0 1/-999 2117/-999 2120/130 2201/120 2401/100 2526/90 
2701/80 3045/70 3201/60 3401/50 3701/40 4201/30 4700/20 5677/10 7777/2.35 
27,0x1,0,0xfff,1.000000,0.000000,ENG2n1,% ,inter_func,1,0/0 1/-999 2117/-999 2120/130 2201/120 2401/100 2526/90 
2701/80 3045/70 3201/60 3401/50 3701/40 4201/30 4700/20 5677/10 7777/2.35 
11,0x2,0,0xfff,1.000000,0.000000,ENG3n1,% ,inter_func,1,0/0 1/-999 2117/-999 2120/130 2201/120 2401/100 2526/90 
2701/80 3045/70 3201/60 3401/50 3701/40 4201/30 4700/20 5677/10 7777/2.35 
27,0xa,0,0xfff,1.000000,0.000000,ENG4n1,% ,inter_func,1,0/0 1/-999 2117/-999 2120/130 2201/120 2401/100 2526/90 
2701/80 3045/70 3201/60 3401/50 3701/40 4201/30 4700/20 5677/10 7777/2.35 
2,0xf,0,0xfff,0.002404,-3.375000,ACCvert,g ,lin_func_2,2,~ 
6,0xf,0,0xfff,0.002404,-3.375000,ACCvert_2,g ,lin_func_2,2,~ 
10,0xf,0,0xfff,0.002404,-3.375000,ACCvert_3,g ,lin_func_2,2,~ 
14,0xf,0,0xfff,0.002404,-3.375000,ACCvert_4,g ,lin_func_2,2,~ 
18,0xf,0,0xfff,0.002404,-3.375000,ACCvert_5,g ,lin_func_2,2,~ 
22,0xf,0,0xfff,0.002404,-3.375000,ACCvert_6,g ,lin_func_2,2,~ 
26,0xf,0,0xfff,0.002404,-3.375000,ACCvert_7,g ,lin_func_2,2,~ 
30,0xf,0,0xfff,0.002404,-3.375000,ACCvert_8,g ,lin_func_2,2,~ 
7,0xf,0,0xfff,0.000534,-1.083000,ACClong,g ,lin_func_2,2,~ 
15,0xf,0,0xfff,0.000534,-1.083000,ACClong_2,g ,lin_func_2,2,~ 
23,0xf,0,0xfff,0.000534,-1.083000,ACClong_3,g ,lin_func_2,2,~ 
31,0xf,0,0xfff,0.000534,-1.083000,ACClong_31,g ,lin_func_2,2,~ 
24,0xf,0,0xfff,1.000000,0.000000,Control Wheel,degrees ,inter_func,1,0/-100 4025/-89 4757/0 6074/89 7777/100 
8,0xf,0,0xfff,1.000000,0.000000,Aileron,degrees ,inter_func,1,0/-20 47/-17 437/0 1017/17 7777/20 
12,0xf,0,0xfff,1.000000,0.000000,Control Column,Degrees ,inter_func,1,0/21 1736/17 2470/0 2602/-12.6 7777/-15 
32,0xf,0,0xfff,1.000000,0.000000,Rudder,degrees ,inter_func,1,0/-35 2206/-32.5 3056/0 4745/32.5 7777/35 
9,0xf,0,0xfff,1.000000,0.000000,SFCelev,Deg ,inter_func,1,0/-30 3351/-26.6 4137/0 5107/12.8 7777/20 
28,0xf,0,0xfff,1.000000,0.000000,Rudder Pedal,Inches ,inter_func,1,0/-5 2302/-4.5 2633/0 3364/4.5 7777/5 
16,0xf,3,0x1,1.000000,0.000000,ADfault, ,lin_func_2,0,~ 
16,0xf,4,0x1,1.000000,0.000000,SDfault, ,lin_func_2,0,~ 
16,0xf,5,0x1,1.000000,0.000000,FDRfault, ,lin_func_2,0,~ 
16,0xf,6,0x1,1.000000,0.000000,SYNCHRO, ,lin_func_2,0,~ 
16,0xf,8,0x7,1.000000,0.000000,TRACK, ,lin_func_2,0,~ 
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Jun 13 01 07:44a L2Consulting Services 512-301-4491 

.I.V\rnrk Card Number: 1005-5003 70 SERIES 
Card Title: FBOO DFDR Ground Test Procedure- 17 Parameters 

I. GENERAL 

'· 
This ground test verifies FBOO DFDR inputs and the recording capability of the 

DFDR unit. 

A. EQUIPMENT REQUIRED FOR TEST: 

1. Avionica, Inc. RSU DFDR Tester/Transcriber, Fairchild/Lora) 

Portable Display Unit (PDDU), or Equivalent 
2. Digital Protractor 
3. Tilt Table and DGNG Extender Harnesses (Optional) 

4. Pitot-static test equipment 
5. Signal Generator HP204D or equivalent 
6. Work-stand capable of reaching the aft side of the horizontal 

stabilizer. 

B. The DFDR monitors and records 17 parameters: 

1. TIME 10. HEADING/ COMPASS 

2. VERTICAL ACCEL. 11. ALTITUDE 
3. LONGITUDINAL ACCEL. 12. AUTOPILOT ENGAGE 

4. ELEVATOR SURFACE 13. CONTROL WHEEL POSITION 

5. RADIO TRANSMISSIONS 14. RUDDER PEDAL POSITION 

6. AIRSPEED 15. AILERON SURFACE 
7. PITCH ATTITUDE 16. CONTROL COLUMN POSITION 

8. ROLL ATTITUDE 17. RUDDER SURFACE 
9. ENGINE THRUST 

II. TEST SETUP 

A. Record the following: 

Aircraft Serial Number/ . 4'~1'-t 
Tail Number: ' _M1DS<1u. 
DFDR Part Number: ' 11 p.;\ "1,0:, ~ .i R :lv 

DFDR Serial Number: OLfnD ?-
Biaxial Accelerometer Part 

rJo fAF:\ ff 
Number (Left Wheel Well): 
Biaxial Accelerometer Serial (JD 5{'f!..J·~ >-IO..r 

Number: 

Released: 

p.2 
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