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TECHNICAL REPORT 
F-15 MAINTENANCE 

Aircraft Evaluated: F-ISC, Tail Number 79-0025 

Incident Date: 14 April 1994 

• 

I. INTRODUCTION: The purpose of this evaluation was to determine the air worthiness, 
capability and effectiveness of F-ISC 79-0025's general aircraft and mission related systems. 

n. BACKGROUND: The accident involved the crash of two US Army Black Hawk helicopters, 
serial numbers 88-26060 and 87-26000, and the possible involvement ofUS F-15 fighter aircraft, 
serial numbers 79-0025 and 84-0025, and a US AWACS, aircraft serial number 77-0351, in the 
crash of these helicopters in the northern No-Fly-Zone oflraq on 14 April1994. 

Aircraft 79-0025 arrived at Incirlik AB on 23 February 1994 and had flown 31 sorties since its 
arrival, prior to the mishap sortie. 

ill. EVALUATION: The evaluation included a maintenance analysis of three areas: airframe (to 
include hydraulics systems, electrical systems, enviromnental control systems), engines, and 
avionics (to include fire control radar, communications, navigation, identification friend or foe 
(IFF), and air-to-air IFF interrogation (AAI) system). A review of the historical maintenance 
records for F-15C 79-0025 was completed for each system. This review included the current 
AFTO Form 781 aircraft maintenance records, aircraft historical records, and computerized 
equipment history for all three areas. In addition, engine historical records and engine oil analysis 
records were reviewed for both engines. The aircraft's weight and balance records were also 
reviewed. 

Pilot testimony was reviewed for their assessment of the aircraft's general and mission related 
systems on the sortie prior to the mishap, the mishap sortie, and the sortie after the mishap sortie. 

The optical clarity of the aircraft's canopy and windscreen was evaluated by an aircraft structural 
maintenance specialist in accordance with T.O. lF-!SC-3-4. (Atch 2) 

Given the circumstances involved in the mishap, an extensive evaluation of the aircraft's AAI 
system was conducted. This evaluation is contained in a separate technical report at Tab 04b. 

IV. DETERMINATION: 
A. General Aircraft Systems: 
Aircraft 79-0025 had accumulated 3650.0 airframe hours prior to the mishap sortie. (Tab B4a) 
On the mishap sortie, the aircraft had an open red diagonal (minor) pilot write-up for a counter 
measures dispenser (CMD) discrepancy (incorrect program loaded) and an informational pilot 
write-up for a radar Built-In-Test (BIT) light from the previous day's flight. The write-up on the 
radar BIT light went on to indicate there were no problems with the radar inflight. (Tab B4h) 
These discrepancies were not relevant to the mishap. Following the mishap sortie on 14 April 
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1994, the mishap pilot indicated the aircraft was Code 2 (minor discrepancy not affecting aircraft's 
combat capability) for radar. (Tab AC4g) The aircraft was flown on another sortie on 14 April 
1994 after the mishap sortie. The pilot on that mission also indicated the aircraft as Code 2 for 
radar and also Code 2 for interior lights. (Tab AC4g) 

A review of79-0025's historical maintenance records revealed no indications of chronic 
maintenance problems on its airframe or engine systems over the past 30 days. 

The aircraft's canopy and windscreen met all technical data requirements for optical clarity in 
accordance with T.O. IF-lSC-3-4. (Atch 2) 

Aircraft 79-0025's computerized equipment review report and AFTO Forms 781 were reviewed 
for Time Compliance Technical Order (TCTO) compliance, scheduled inspection compliance, and 
component time change compliance. Aircraft 79-0025 had one overdue aircraft inspection (90 
day aircraft wash and lubrication) but this was not relevant to the incident. (Tab H4c) There 
were no outstanding aircraft TCTOs that had exceeded their recission date. (Tab U4c) 

The historical maintenance records of both engines were reviewed. Neither of the engines had 
any overdue scheduled engine inspections. (Tab H4d, H4e) Each engine had several outstanding 
engine TCTOs but none were beyond their grounding date and none were relevant to the incident. 
(Tab U4d) 

The aircraft's oil analysis records for the past I 0 sorties indicated normal readings (i.e. lab 
recommendation of code A). (Tab U4a) 

B. Specific Mission Related Systems: A review of the historical maintenance forms indicates 
there were no communications, navigation, radar, or IFF discrepancies within the past 30 days 
that would have degraded mission effectiveness. 

A review of pilot testimony indicated the aircraft's communications, navigation, radar, and IFF 
systems were operating normally during the mishap sortie. (Tab V28/Ql92;Ql95;Ql97) 

The AAI system analysis is contained in a separate technical report at Tab 04b. 

C. Procedures: Maintenance personnel performed preflight and servicing on 79-0025 on 13 
April 1994 at 1740L. Required preflight and servicing inspections were documented in the AFTO 
Forms 781H. (Tab H4a) 

M.S~!~ 
F-15 Maint Board Membet · , 

2 Atchs 
1. Statement of Certification 
2. Affadavit - SSgt Thompson 
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STATEMENT OF CERTIFICATION 

I am Major Jeff Snyder, assigned to the 48th Fighter Wing, RAF Lakenheath England as 
the squadron maintenance officer, 493rd Fighter Squadron. I am the F-15 maintenance 
board member on the AFR II O-I4 Accident Board, investigating the crash of two US 
Army Black Hawk helicopters and the possible involvement of US fighter aircraft in the 
crash ofthese helicopters in the northern No-Fly Zone of Iraq on 14 Apr 94. I have held 
various positions as a F106 and F-I5 maintenance officer, squadron commander, and 
logistics staff officer over the past 15 years. I have been a maintenance training squadron 
commander and equipment maintenance squadron commander. I served as Research 
FeUow at RAND Corporation and as Chief, Maintenance Plans and Policy Branch at HQ 
United States Air Forces in Europe. I received my Master's Degree in Logistics 
Management from the Air Force Institute of Technology. I have been associated with the 
F-15 since 1983. 

Date: ~~~ 
F-15 Maintenance Board Member 

7.' 



• AFFIDAVIT 
SSgt Norman P. Thompson 

48th Equipment Maintenance Squadron 
5MAY94 

• 
I have been a Structural Maintenance Technician, 2A773, for 11 1/2 years; out of those years I have 
worked F-15 for 5 years. 

On 05 May 1994, I was asked to evaluate the canopy's and windshield's on Aircrafts: 9025,4025. 
I used T.O. 1F-15C-3-4 to conduct this inspection. The criteria for the windshield can be found on 
page 4-16 para: 4-268 (Atch !). The criteria for the canopy can be found on page 4-34A para 4-71e 
(Atch 2). 

On my evaluation of A/C 9025 I found a scratch approximately 4 inches long at the 11 o'clock position 
on the windshield, near the windshield arch (Atch 3). Through visual inspection I found no distortion, 
and therefore there is no visual distortions. I then inspected the canopy, I found a few scratches that 
look like they may have come from a pilots helmet, but determined that they would be out of the pilots 
view area, and there was not any distortion. 

I then inspected A/C 4025. Upon inspection I found a small distortion in the windshield at about 12:10 
position. This was about halfway down the windshield in the critical view area (Atch 4). I was not 
sure if it was a distortion or not so I examined the canopy and found the same thing I found on A/C 
9025, and that was a few scratches but no distortions. I then went back and looked at the windshield 
again to make sure the distortion was still there and it was still there. Upon further inspection I 
determined that it was a small area not an area where a pilot would be able to focus in on for a long 
period of time. 

Overall I found that both AIC's canopy's and windshield's were in very good condition. The canopy 
and windscreen are within limits lAW T.O. 1F-15C-3-4 on both aircraft. 

I swear or affirm that the information provided above is true and accurate and that I am the same 
Norman P Thompson who performed the inspections discussed above. 

4Atch 
1. T.O. lF-lSC-3-4, p 4-16 
2. T.O. JF-JSC-3-4, p 4-34A 
3. T.O. lF-lSC-3-4, p 4-27 
4. T.O. lF-lSC-3-4, p 4-27 

Al~M~~ 
NO~P.THOMPSON,SS~,USAF 

Aircraft Structural Maint Technician 

CERTIFICATE 
I certifY that I am tho R.ec:orch Custodian for the Accident Investigation Board 
convmed to investigate 1he crash of two U.S. Army Black Hawk hclioopters in the no 
fly z.onc In northern Iraq on 14 A.pri11994, and dlat this is a true and accurate copy of 

tho r<cord which is kqJI in my reconls $}'liiCill. ,h/ -. Y. If-=., 
,f JnT 9'f WilliAM L. HARRIS. Capt. USAF. MSC 

Date Evid<nc< Custodian, lncirlik Air Bue, Turkey 

Subscribed and sworn to before me this 5th day u11vuty """"'· 

Authority: 10 U.S.C. 1044a 
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··"' 1F-15C-3-4 • 4-23. WINDSHIELD. See figures 4-G and 4-GA. 

4-24. Two windshield assembly conditions exist 
for F -15 aircraft. The first condition uses the 
original 68A350002 windshield assembly. See 
figure 4-G. The second condition exists when the 
G8A350002 windshield assembly becomes damaged 
and needs to be replaced. Two spares kits, 
68R310085 {F-15C) and 68R310087 (F-15D) may 
be used to replace the G8A350002 windshield 
assembly. See paragraph 4-59A for installation of 
spares kits. Each spares kit contains an F-15E 
improved bird strike resistant windshield 
assembly, 68A35001G. See figure 4-GA. The 
68A350002 and 68A35001G windshield assemblies 
are made up of a transparency, frames, frame 
substructure, and fairings. The windshield 
transparencies are stretched acrylic plastic. 

4-25. ACRYLIC TRANSPARENCY. The 68A350002 
windshield transparency is a single sheet of 
stretched acrylic plastic with phenolic fiberglass 
strips bonded to the edges where it attaches to 
the frames. See figure 4-G. Tbe 68A350016 
windshield transparency is a single sheet of 
stretched acrylic permanently bonded in the 
frames. See figure 4-SA. 

Sealer applied to acrylic plastic on 
68A350002 windshield assembly must 
have a noncraze accelerator to prevent 
damage. 

NOTE 

Be sure Protex 20 paper is overlapping 
· at least 1/2 inch. The 2 inch masking 

tape is placed over the overlap area. At 
no time should the masking tape make 
contact with the acrylic transparency. 

a. Acrylic surface should be covered on both 
sides using Protex 20 paper and 2-inch masking 
tape after rework is completed. 

4-26. Negligible Damage. Tbe damage limits 
below are classified as structurally negligible. The 
optics information is a guideline for allowable 
limits. 

4-16 Change 53 

a. Scratches, 

~ ~ • 
nicks, and gouges. 

1. Critical vision area; see figures 4·GB 
and 4-7. Damage that does not positively cause 
hanging of a fingernail, length unlimited, 
provided: 

(a) Damage can be reworked per 
paragraph 4-30, step a. 

(b) Optics are acceptable per item b. 

2. Noncritical vision area; see figures 4-GB 
and 4-7 . .Damage depth and length unlimited, 
provided: · 

(a) Damage can be reworked per 
paragraph 4-30. 

(b) Transparency minimum thickness 
for G8A350002 windshield assembly after rework 
is 0.830 inch. Transparency minimum thickness 
for 68A350016 windshield assembly after rework 
is 0.900 inch. Refer to paragraph 4-27 for 
measuring transparency thickness. 

(c) Optics are acceptable per item b. 

b. Optics defects. Assuming the pilots normal 
flight position in the cockpit and viewing 
through the transparency against the sky and 
terrain, any defect that does not cause the 
viewer to focus on the defect, thereby causing 
distraction, is acceptable. Example: a defect in 
the critical vision area, see figures 4-GB and 4-7, 
would not be allowable; the same type defect 
outside of this area could he acceptable. 

c. Phenolic fiberglass outer strip damage on 
68A350002 windshield assembly. Delamination of 
t!te outer edging strips may occur as a result of 
wind, rain and/or hail erosion. The outer strips 
are added to provide a countersink surface for 
the flush attach bolts. Delamination may occur 
to the extent of removal of the strip down to 
the last lamination between fasteners with 
enough strip remaining under the countersink to 
make sure a tight fit exists for the bolts. 

·d. Minor distortions/streaks within the 
transparancy spreading aft from the leading edge 
because of overheat from anti-ice hot air 
provided no fissures occur, fiberglass edging 
strips on 68A350002 windshield assembly are still 

1 
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4-67. CANOPY. See figure 4-9 for F-15C and 
figure 4-11 for F-15D. 

4-68. The F-15C and F-15D canopy consists of 
two transparencies spliced together, supported by 
frames, channels, and substructure, with fairings 
conforming to the aircraft mold line. The canopy 
has an inflatable seal for cockpit pressurization 
in addition to rain seais. The F-15C canopy has 
a pressure deck assembly integral to the canopy 
structure that covers the equipment bay. The 
canopy transparencies are stretched acrylic 
plastic. The acrylic plastic transparencies have 
the fiberglass edging strips set above the •mold 
line. 

4-69. STRESS INTENSITY. Th~· Stress intensities 
are divided into four classes: Class 1 area, very 
high; class 2 area, high; class 3 area, medium; 
and class 4 area, low. The aft fairing is class 4 
area, low stress intensity and the web and 'pan 
are class 3 area, medium stress intensity. 

4-70. ACRYLIC TRANSPARENCIES. Canopy 
transparencies are a single sheet stretched acrylic 
plastic With fiberglass edging strips bonded above 
the inner and outer mold line surfaces of 
transparencies. The edging strips mate with 
canopy structure. 

Sealer applied to acrylic plastic must 
. have a noncraze accalerator to prevent 

damage. 

NOTE 

Be sure Protex 20 paper is overlapping · ·. 
at least 1/2 inch. The 2 inch masking 
tape is placed over the overlap area. At 
no time should the masking tape make 
contact With the acrylic transparency. 

a. Acrylic surface should be covered on both 
sides using Protex 20 paper and 2-incb masking 
tape after rework is complete. • 

• 
4-71. Negligible Damage. The following damage 
limits are clusified as structurally negligible. The 

• TO 1F·l5C·3-4 

optics information is a guideline for acceptable 
criteria. 

a. Nicks and gouges if no dee!>'lr than 0.020 
and span out over an area no greater than 0.250 
diameter. 

b. Scratches no deeper than 0.020 and no 
longer than 8 inches. 

c. Scuffs and helmet scrapes are acceptable. 

d. All other nicks, sera tches end gouges, 
hnlimited in depth and length provided: 

L Transparency minimum thickness after 
rework is 0.300, except for: 

(a) Localized damage where thickness 
may be reduced to 0.260 provided reworked area 
can be enclosed Within a 2-inch diameter circle 
and spacings between such damages are a 
minimum of 4 inches, measured center to center. 

(b) Leading edge damage from Wind, 
rain or hall erosion, where leading edge thickness 
may be reduced to 0.260 provided damage can 
be blended per paragraph 4· 73. 

2. Optics are acceptable per item e. 

e. Optics defects. Assuming the pilots normal 
flight position in the cockpit and/or rear cockpit, 
if applicable, and vieWing through the 
transparency against the sky. and terrain, any 
defect that does not cause the viewer to focus 
on the defect, thereby causing distraction, is 
acceptable. 

EXAMPLE: A defect in the left or right vision 
area may be unacceptable; the same type defect 
alsewhere could be acceptable. 

f. Phenolic fiberglass strip damage. 
Delamination of fiberglass strips may occur as a 
result of wind, rain or hail erosion; The strips 
are added to provide a countersink surface for 
the flush attach bolts. , Delamination may occur 
Ul the extent of removal of . the strip down Ul 
the last lamination between· fasteners with -·· , 
enough remaining under the countersink to .make , 
sure a tight fit exists for the bolts. Delaminated .· 
and missing phenolic fiberglass strips may be .. ·, -:, 
repaired per paragraph 4-74B or 4-74F.: "' r•.w·<l 

Change 55 4·34A 
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CRITICAL VISION AREA 
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Figure 4-6B. Acrylic Transparency Rework Diagram, 68A350016 
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Technical Report 

F-15 Air-to-Air Identification-Friend-or-Foe (IFF) Interrogation (AAI) System 

Aircraft Evaluated: F-15C, Tail Number 79-0025 

Incident Date: 14 April 1994 

I. INTRODUCTION: The purpose of this evaluation was to determine the serviceability of F
ISC 79-0025's AAI system. 

n. BACKGROUND: The accident involved the crash of two US Army Black Hawk 
helicopters, serial numbers 88-26060 and 87-26000, and the possible involvement of US F-15 
fighter aircraft, serial numbers 79-0025 and 84-0025, and a US A WACS, aircraft serial number 
77-0351, in the crash of these helicopters in the northern No-Fly-Zone oflraq on 14 April 1994. 

Aircraft 79-0025 arrived at lncirlik AB on 23 February 1994 and had flown 31 sorties since its 
arrival, prior to the mishap sortie. 

ill. EVALUATION: A review of the historical maintenance records for F-ISC 79-0025 was 
completed. This review included the current AFTO Fortn 781 aircraft maintenance records, 
aircraft historical records, and computerized equipment history. The purpose of the review was 
to identifY any history of pilot reported discrepancies documented on the AAI system. 

Pilot testimony to the board was also reviewed to determine their assessment of the aircraft's AAI 
system perfortnance on the sortie prior to the mishap, the mishap sortie, and the sortie after the 
mishap sortie. 

An F-ISC maintenance teclmical advisor conducted a ground operational check of the aircraft's 
AAI system in accordance with Teclmical Order (T.O.) 1Fl5C-2-34JG-53-1. (Atch 2) 

After completion of the ground check, the following components were removed from the aircraft 
and sent to Air Force teardown test facilities for detailed analysis: 

Component 

AAI Interrogator 
Computer (KIR 1 C) 

AAI Receiver 
Transmitter (RIT) 

IFF Reply Evaluator 
(IRE) 

National Stock 
Number 

5810-0J-273-7819 

5985-01-272-8047 

5985-01-016-2209 

Teardown Facility 

AF Cryptologica! Support Center 
Kelly AFB, TX 

Warner Robins Air Logistics Center 
Robins AFB, GA 

Warner Robins Air Logistics Center 
Robins AFB, GA 



• 
Interference Blanker 

AAI Cockpit Control 
Panel 

5865-01-114-2469 

5985-01-044-4987 

• 
Warner Robins Air Logistics Center 

Robins AFB, GA 

Warner Robins Air Logistics Center 
Robins AFB, GA 

Specific maintenance procedures with possible relevance to the mishap were investigated. The 
53rd Fighter Squadron's policies and procedures for loading Mode IV codes into the aircraft and 
for operationally checking the validity of those codes were reviewed and the squadron's adherence 
to those policies and procedures was evaluated. 

IV. DETERi\UNATION: 
A. BACKGROUND (The following information is derived from T.O. IF-15C-2-34GS-OO-l, 
dated 1 Apr 81, change 26, 15 Jul93 and T.O. JF!5C-2-99GS-00-1, dated I May 91, change 4, 
15 Aug 93) 
The F-ISC AAI system is an airborne IFF interrogator operating on Modes I, II, and III, plus a 
security mode (Mode IV). The system interrogator receives IFF replies from other aircraft, 
decodes them, then displays the appropriate symbology on the Vertical Situation Display (VSD) 
screen in the cockpit. The AAI system consists of an AAI control panel, a throttle multifunction 
switch, an IFF reply evaluator (IRE), an interrogator computer (KIR 1 CfrSEC), 10 dipole 
antennas and an AAI receiver/transmitter (Rrr). 

The pilot initiates the interrogation process by moving the throttle multifunction switch to the left. 
This action sends the interrogate command to the radar system where it is processed and then sent 
on to the IRE for processing for use in the AAI system. At this time, the pilot will see an "I" 
displayed in the lower left comer of the VSD indicating that the interrogation process is in 
progress. The IRE produces an interrogation signal based on the requested mode (I, II, III, or 
IV) selected from the cockpit AAI control panel and sends this signal to the RIT unit. 
Additionally, if Mode IV is selected by the pilot, an interrogate command is routed from the IRE 
to the KIR I CfrSEC interrogator computer which sends the current day's coded data back to the 
IRE to be included in the transmitted signal. The Rrr unit transmits the interrogation signal 
through the AAI antennas that are mounted on the radar antenna. 

The interrogation signal is received by an IFF transponder system in another aircraft which 
automatically sends back a coded return signal. This return signal is received through separate 
AAI antennas mounted on the radar antenna and is processed in the receiver portion of the Rrr. 
The coded data is stripped from the received signal by the Rrr, then sent to the IRE where the 
coded data is processed to determine its validity. For Mode IV interrogations, the reply portion 
of the return signal is routed to the KIR I CfrSEC interrogator computer which interprets the 
reply for validity. A valid reply will trigger a Mode IV OK response to be sent back to the IRE. 
When a valid return signal is received, a signal is sent by the IRE to the radar telling it to display 
an AAI target return on the VSD. This signal is displayed on the VSD as either a circle or a 
diamond. The diamond symbology indicates a low confidence target and the circle symbology 
indicates a high confidence target. A low confidence target is one that has correctly replied to a 
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Mode I, II or III interrogation, A high confidence target is one that has correctly replied to a 
Mode IV interrogation, 

The F-15C has an interference blanking system {ffiS) whose purpose is to prevent interference 
between active aircraft systems on the same aircraft which would brought about by multiple radio 
frequency transmitters and receivers, The only component of the ffiS is the interference blanker. 
When a system on the F-15 is sending a signal through its receiver/transmitter, the interference 
blanker sends an electrical signal to other systems preventing them from inadvertently receiving 
that signal through their receiver/transmitters. 

B. HISTORICAL RECORDS REVIEW 
A review of the historical maintenance records for aircraft 79-0025 showed a 6 December 1993 
writeup for the Mode IV portion of the AA1 system completely inoperative, Maintenance 
technicians replaced the IFF reply evaluator and the AA1 Built-in-Test checked good after the 
maintenance was completed, (Tab H4j) On 12 January, 1994, another write up was entered into 
the maintenance forms reporting the aircraft's Mode IV interrogator was malfunctioning. No 
Mode IV targets were displayed on the cockpit display and the Mode IV Built-in-Test failure light 
was illuminated during the Mode IV loop test Maintenance replaced the IFF Reply Evaluator. 
(Tab H4k) The aircraft experienced an AA1 failure in flight on both 24 and 25 February 1994. 
The AA1 system was inoperative in all modes and codes according to pilot write-ups. 
Maintenance replaced the AA1 RIT and the IRE on 25 February 1994, and the AA1 system was 
confirmed as serviceable using ground test equipment. (Tab H 41) A pilot reported the Mode IV 
interrogator portion of the AA1 system was inoperative in flight on 28 February !994, 
Maintenance replaced the KlR 1 A interrogator computer and the AA1 system was confirmed as 
serviceable. (Tab H4g) There were no further documented AA1 discrepancies between 28 
February 94 and 14 April 94, 

The aircraft was modified by TCTO 1229 on 9 March 1994, incorporating the new electronically 
keyed KIT 1 CIT SEC transponder computer and KlR I CITSEC interrogator computer into the 
IFF and AA1 system. (Tab U4b) These new components improve the reliability ofloading the 
Mode IV codes into the aircraft's AA1 and IFF systems. 

C. PILOT ASSESSMENT 
The pilot who flew aircraft 79-0025 on 13 April1994 (the sortie prior to the mishap sortie) used 
the aircraft's AA1 system to successfully interrogate the other F-ISC in his flight with both Mode I 
and IV (Tab VJb/pl para5,6) The pilot of79-0025 on the mishap sortie also used the aircraft's 
AA1 system to successfully interrogate the other F-ISC in his flight with both Mode I and IV. 
(Tab V28/Q 13) The pilot on the mishap sortie also interrogated other aircraft enroute to the 
AOR (V28/Ql3) The pilot of79-0025 on the second sortie of 14 April (the sortie after the 
mishap sortie) used the aircraft's AA1 system to successfully interrogate the other F-ISC in his 
flight with both Mode I and IV. (Tab V62/Q54) He also successfully interrogated another 
aircraft on the way to the TAOR with Mode I and IV (Tab V62/Q60) 

D. FUNCTIONAL CHECK 
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A functional check of the aircraft's AAI system was conducted by an F-15 maintenance technical 
advisor on 20 and 21 April 1994, This test was performed using the AN/ APM-349 Interrogation 
Systems Test Set The test indicated the aircraft was capable of interrogating and displaying 
Modes I, II, and III low-confidence targets, However, the aircraft was not capable of displaying 
Mode IV high confidence targets, The test set had just been used on aircraft 84-0025 and had 
successfully exercised the Mode IV portion of the test set, The test set passed its self-test prior to 
the test of79-0025's AAI system, Following prescribed F-15 troubleshooting steps outlined in 
the TO, 1F-15C-2-34FI-00-2, the technical advisor removed and replaced the aircraft's IRE and 
the aircraft subsequently passed the Mode IV ponion of the test (Atch 2) 

E. TEARDOWN ANALYSIS 
The aircraft's IRE, AAI Rff, KIR I CIT SEC, interference blanker, and AAI cockpit control panel 
were removed from the aircraft and sent for teardown analysis, The IFF RIT , interference 
blanker, AAI cockpit control panel, and IRE were sent to Warner Robins Air Logistics Center 
(WR ALC) and the KIR 1 CIT SEC was sent to the Air Force Cryptologic Support Center, Kelly 
Air Force Base, Texas for teardown analysis, 

, The analysis of the IRE (serial number 0274) at WR ALC showed that, prior to the teardown, the 
unit met all functional test requirements, During teardown and individual circuit card testing, one 
circuit card had an out-of-tolerance test condition, Engineering analysis determined the 
discrepancy would have had no effect on the performance of the IRE. (Tab J4c) 

The analysis ofthe AAI RIT (serial number CLT1203) at WR ALC indicated the unit was in good 
operating condition and met all critical test requirements, (Tab J4b) 

The analysis of the KIR lC/TSEC (serial number 01505) at the Air Force Cryptologic Support 
Center indicated the KIR I CIT SEC passed all tests. (Tab J4a w/o attach) 

The analysis of aircraft 79-0025's interference blanker (serial number 0650) at Warner Robins Air 
Logistics Center indicated this unit also met all functional test requirements. (Tab J4e) 

The analysis of the AAI cockpit control panel (serial number 0729) at WR ALC indicated the unit 
passed all functional tests, (Tab J4d) 

F. PROCEDURES: 
KEYING MODE IV INTO THE AAI AND IFF SYSTEM PRIOR TO FLIGHT 
The 53 Fighter Squadron (FS) maintenance organization enters the new day's Mode IV code into 
each of their aircraft's AAI and IFF system on the morning of the mission. (Tab V90/p2 para 4) 
This classified code is loaded into an electronic keyer (KYK-13). The electronic keyer is then 
used to key the IFF and AAI Mode IV systems. (Tab V90/p2 para 5) The Mode IV keying 
action is documented by a write-up in the aircraft forms binder. " 

The board received an inquiry from an individual employed by a company who printed 
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the technical data changes for the upgrade of the F-15 KIT lA to the KIT !C. The employee was 
concerned that the new technical data was not detailed enough for the procedure to load the 
Mode IV codes into the new KIT !C. (Tab V39/p2,para3) An investigation showed the 
employee to be correct and the F-15 technical advisor has submitted a change to technical data 
(AFTO Form 22) to significantly expand the existing technical data. Although the technical data 
does not contain detailed information on loading Mode IV codes, it was determined that this 
technical data deficiency did not prevent the maintenance technicians from correctly loading the 
codes. 

Aircraft 79-0025's IFF and AAI systems were keyed on the morning of 14 April 1994 (Tab 
V90/p3 para2) This action was properly documented in the aircraft forms binder. (Tab B4-b) 
The technician's training records indicate he was qualified to perform that task. (Tab T6-a) 

CHECKOUT OF MODE IV PRlOR TO FLIGHT 
The 53 FS maintenance policy, while deployed to Turkey, is to perform an operational check of 
each aircraft's IFF system just prior to takeoff on every Operation PROVIDE COMFORT 
mission. (Tab V38/pl paraS) An avionics technician, using an AN/APM-424 Transponder Test 
Set, interrogates each aircraft as it completes its end-of-runway check. (Tab V40/p2 para 1) If 
the aircraft properly replies to the interrogation, the avionics technician receives a green light in 
the tester and the pilot receives an audible tone, or a light, or both in the cockpit. (Tab V40/p2 
para 4) This check confirms the correct Mode IV code was entered into the aircraft's IFF 
transponder computer (KIT IC/TSEC). Since the Mode IV code is loaded simultaneously into 
the KIT I C/TSEC and the AAI interrogator computer (KIR I CIT SEC) (Tab V90/p 2 para 4), 
this check also confirms the correct Mode IV code was loaded into the AAI system. It is 
squadron policy to ground abort an aircraft that does not pass this operational check of the IFF 
system . (Tab V38/p2 para2) 

A squadron avionics technician interrogated aircraft 79-0025 using the -424 test set on the 
morning of 14 Aprill994. The technician did not receive a green light in the IFF test set, but the 
pilot gave a "thumbs up" indicating he had received the proper cockpit indication. (Tab V40/p 2 
para 5) The technician stated this was a known problem with this test set. (Tab V40/p2 
para4,5) The technician's training records indicate he was in training for the operation of the IFF 
test set (i.e., training start date documented but training complete date not entered). (Tab T6-b) 
An F-15 maintenance technical advisor evaluated this technician on the operation of the IFF test 
set, on 28 April 1994, and found him to be proficient in its use. (Atch 3) 

3 Attach 
I. Statement of certification 
2. F-15 Technical Advisor's report 

w/o attachments 
3. F-15 Technical Advisor's memo 

j)oi<_./,I--Y+M-. -sNYD~ ~:~L 
F-15 Maintenance Board Member 
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STATEMENT OF CERTIFICATION 

I am Major Jeff Snyder, assigned to the 48th Fighter Wing, RAF Lakenheath England as 
the squadron maintenance officer, 493rd Fighter Squadron. I am the F-15 maintenance 
board member on the AFR II 0-14 Accident Board, investigating the crash of two US 
Army Black Hawk helicopters and the possible involvement of US fighter aircraft in the 
crash of these helicopters in the northern No-Fly Zone of Iraq on 14 Apr 94. I have held 
various positions as a F1 06 and F-15 maintenance officer, squadron commander, and 
logistics staff officer over the past 15 years. I have been a maintenance training squadron 
commander and equipment maintenance squadron commander. I served as Research 
Fellow at RAND Corporation and as Chief, Maintenance Plans and Policy Branch at HQ 
United States Air Forces in Europe. I received my Master's Degree in Logistics 
Management from the Air Force Institute of Technology. I have been associated with the 
F-15 since 1983. 

Date: 
ER, Major, US 

15 Maintenance Board Member 

' ' 
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REPORT 

ON 

AIR-TO-AIR IFF INTERROGATOR (AAI) 
SYSTEM 

OPERATIONAL CHECKOUT 

F-15C 79-0025 

CONDUCTED 20/21 APRIL 1994 

BY 

GERALD D SILVIUS, GS-11 

F-15 MAINTENANCE TECHNICAL ADVISOR 
CERTIFICATE 

I certify that I am the Records CUstodian for the Accident Investigation Board 
convened to investigate the crash of two U.S. Army Black Hawk helicopters in the no 
fly zone in northern Iraq on 14 April 1994, and that this is a true and accurate copy of ; 
the record which is kept in my records system. , • 

7- J:1 'T f v WILU~ L. C"~s, Ca;, USAF, MSC 
Date Evidence Custodian, Incirlik Air Base, Turkey 

lfib-d.., . ...;l... v•1ff.;t:w::..---- ._,,.._ 
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PREFACE 

This is a brief explanation of tenus that will be used in the following description of the 

maintenance testing ofF-15C aircraft tail numbers 840025 and 790025. 

VSD Vertical Situation Display 

BIT Built in Test 

lEE Identification Friend-or-Foe transponder system. The IFF transponder system does 

the self-identification function for the aircraft. The system receives challenging signals 

(interrogations), determines authenticity and mode of challenge, and automatically 

transmits coded replies. The system operates in Modes I, II, and I !II A, which are 

Selective Identification Feature (SIF) modes, plus security Mode IV. 

Ml Air-to-Air IFF Interrogator system. The AAI system is an airborne IFF interrogator, 

independent of the IFF transponder, operating on the standard SIF feature Modes I, II, 

and ill, plus Mode IV. The system transmits challenge signals and receives replies 

through antennas mounted on the radar antenna. The system decodes IFF replies to 

develop a confidence level display correlated with radar targets of the radar VSD. 

MI A built in test used to determine the serviceability of the AAI interrogator system, 

BIT exclusive of the Mode IV BIT test. Can be initiated by maintenance personnel or 

aircrew. 

Mode IV initiated BIT. An initiated BIT check that enables the maintenance 

technician to check the Mode IV serviceability of the IFF and the AAI systems. The 

BIT circuitry enables the on board AAI system to interrogate the on board IFF system, 

giving go/nogo indications to the technician. 

424 Transponder Set Test Set, AN/APM-424. A small, hand held test set that provides a 

Tester complete checkout of all IFF transponder features, including Mode IV. The test set 

interrogates the aircraft IFF system, receives the coded replies, determines the 

authenticity of the replies and displays the result as a go/nogo display to the operator. 



• • 
349 Interrogator Systems Test Set, ANI APM-349, A flightline test set that provides a 

Tester checkout of all aircraft AAI system modes, including Mode IV. The test set acts as an 

IFF transponder that automatically transmits replies to aircraft interrogations in SIF 

modes I, ll, m, and Mode IV. During the interrogation test, the tester displays an 

accept light for proper aircraft interrogations and the aircraft will display an applicable 

low or high confidence target on the VSD. SIF mode targets will be displayed as low 

confidence targets and Mode IV targets as high confidence targets. 
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AIRCRAFT 790025 
20 APRIL 1994 

• 
Opened up the aircraft panels and visually inspected the AAIIIFF systems for serviceability. The 

components all appeared to be in good condition. A visual inspection of cockpit revealed the 

following control switch positions: AAI Mode select switch was set to 4A, the code wheels were 
set to 0000. The IFF Mode IV switch was set to "A", the IFF Mode I code was 43, the IFF 

Mode III/A code wheels were set to 2400, IFF Mode I switch was set to ON, the IFF Mode II 

switch was set to OUT, and the IFF Mode III/ A switch was set to OUT. 

The units installed in the aircraft were as follows; AAI Receiver/Transmitter (RJT), Radio, 

RT868C/ APX-76(V), serial number CLT 1203. AAI Radar Target Data Processor, 

MX914 7 AI APX, serial number 0247. KIR-1 CIT SEC Interrogator Computer serial number 

01505. The Receiver/Transmitter (RIT) has a slightly different part number than the one 
contained in aircraft 840025; RT868C/ APX-76(V) versus RT868D/ APX· 76(V). Research of 

T.O. lF-ISC-4-4, figure 71, index 42, reveals that both RIT's are authorized for use in this aircraft 

(Atch. 2). 

Performed the safe for maintenance checks, power on checks, attached ground equipment to the 

aircraft, and applied power to the aircraft. The 349 tester that was used during this checkout was 

16 days past due calibration. The decision was made to proceed, in order to get an indication of 

the AAI system serviceability. Applied power to the 349 tester, serial number DGX-86, and ran 

the self checks successfully. 

The first check to be accomplished was the AAI BIT check IAW T.O. IF-15C-2-34JG-53-l 

(Atch. 1 ). After system warm up, the BIT check failed with a receiver fail fault shown on the 

RIT. Turned the AAI system off and back to on, recycling the power, and the BIT check passed 

after the warm-up period. Ran 5 more successful BIT checks at this time. 

The next check to be accomplished was the Mode IV Loop Check lAW T.O. IF-15C-2-34JG-53-

l (Atch. 1). Performed 6 successful Loop Checks giving the correct cockpit i?dications each 

time. 
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The next check accomplished was the AAl operational checkout using the 349 tester lAW T.O. 

1F-15C-2-34JG-53-l (Atch. 1). The steps listed are the actual operational testing after t~e set

up procedure; 

STEP MODE RESULTS 

29-31 M-Ill The aircraft successfully interrogated the 349 tester displaying the 

interrogation cue, however, the aircraft only displayed the low confidence 

target on the VSD 3 of 6 interrogations. The 349 tester showed a hard reject 

light. 

32 M-ITI A second Mode ITI test with a different code set into the control head. The 

results were the same as the previous test, intermittent target display and hard 

reject light on the 349 tester. Interrogated 6 times. 

33-40 

41-44 

45-57 

M-Il The aircraft displayed the interrogate cue on the VSD and displayed the low 

confidence target at the proper range, the 349 tester reject light was 

illuminated. Interrogated 6 times. 

M-I The aircraft displayed the interrogate cue on the VSD but only one low 

confidence target reply in 6 attempts, the 349 tester reject light was 

illuminated. 

M-IV The aircraft displayed the interrogate cue and never displayed a high 

confidence target on either Mode IV A or B codes. Had a hard reject light on 

the 349 tester continuously. Interrogated Mode IV A and B 6 times each. 

AIRCRAFT 790025 
21 APRIL 1994 

Using 349 tester serial number DGX-59, the entire testing procedure was performed again. 

Performed the safe for maintenance checks, power on checks, attached ground equipment to the 

aircraft, and applied power. Applied power to the 349 tester, ran the self checks which passed. 
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The first check to be accomplished was the AAl BIT check lAW T.O. 1F-15C-2-34JG-53-l 

(Atch. 1). At initial tum on of the AAl, after the warm up period, ran the BIT check which failed 

badly. The BIT light did not flash and there were no low confidence targets displayed on the 

VSD. Attempted to run additional BIT checks and the system degraded further. Turned the 

system off and back to on to let the power recycle, after the time in period the BIT check ran 

without a problem. Ran the BIT check 5 more times with good results. 

The next check to be accomplished was the Mode IV Loop Check lAW T.O. IF-15C-2-34JG-53-

l (Atch. 1 ). The Loop Check passed giving all good indications. Loop Check was ran 

successfully 6 times. 

The next check accomplished was the AAl operational checkout using the 349 tester IAWT.O. 

IF-l5C-2-34JG-53-J (Atch. 1). The steps listed are the actual operational testing after the set

up procedure; 

STEP MODE RESULTS 

29-31 M-Ill The aircraft successfully interrogated the 349 tester displaying the 

interrogation cue and a low confidence target at the proper range on the VSD. 

The 349 accept light illuminated indicating that the interrogations were correct. 

Interrogated the tester 6 times with the same result. 

32 M-lll A second Mode III test with a different code set into the control head. The 

aircraft display was correct and the accept light illuminated on the 349 tester. 

Interrogated 6 times successfully. 

33-40 

41-44 

M-TI The aircraft displayed the interrogate cue on the VSD and a low confidence 

target at the proper range. The 349 tester accept light was illuminated. 

Interrogated 6 times successfully. 

M-I The aircraft displayed the interrogate cue on the VSD and a low confidence 

target at the proper range. The 349 tester accept light was illuminated. 

Interrogated 6 times successfully. 
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M-IV The aircraft never displayed a high confidence target on either Mode IV code, 

A or B. The 349 tester displayed an accept light indicating that the AAI was 

interrogating with the correct codes, but no targets were displayed. The Job 

Guide Fault Code for this problem is 3453G3ZZ (Atch. 1). The 

troubleshooting guide for this fault code in T.O. 1F-15C-2-34FI-00-2 (Atch. 

3) indicates that the Radar Target Data Processor could be the faulty unit. 

Considering the previous BIT problems encountered, I decided to install a 

replacement unit, serial number 1163. Performed the 349 checks again and the 

aircraft displayed a high confidence target at the proper range on the VSD for 

both Mode IV A and B codes. This check ran successfully 5 times each for the 

A code and the B code. The replacement unit was removed and returned 

serviceable. 

To further prove the overall AAI!IFF system reliability a 424 tester was used to interrogate the 

IFF system separately to determine if it had a problem. The 424 tests passed five times in 

succession indicating that the IFF system was operational. 

CONCLUSION 

At the time of the operational checks, the AAl system installed in aircraft 790025 was capable of 

interrogating Modes I, II, and III, plus Mode IV, was also capable of displaying Modes I, II, and 

III low confidence targets but was not capable of displaying Mode IV high confidence targets 

with Radar Target Data Processor serial number 0274 installed. 

~~ 
Gerald D. Silvius, GS-11, DAF 

) Jj . ,;.-'" ;/_,: 
3 Attachments: (;/i.J.-M .,... . ., ,1{. 

F-15 Technical Advisor -r:--fu.cerpts from TO 1F-15C-2-34JG-53-I 

--2.--&.eerpts fi om TO l F -UC-4-4..._ __ 

3 Excerpts from-TO 1F-l5C 2 34FI OD-2 
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Memorandum for Record 30 April1994 

TO: Whom it May Concern 

At Major Snyder's request, on the morning of 28 April, I observed Airman Norman 

interrogate the Identification Friend-or-Foe systems on two 53 FS F-ISC aircraft with the 

AN/MPM-424 test set The interrogation was being performed on the aircraft as they 

were stopped on the taxi way adjacent to the 53 FS parking area as required by 53 FS 

policy for mode 4 checks prior to flight at OPC. He performed step 4 of the test set self 

test procedure and step 40 of the mode 4 test as shown in TO 1F-15C-2-34JG-52-l 

correctly on both aircraft. Successful completion of these steps satisfies the requirement 

for the prior to flight mode 4 check. 

F-15 Technical Advisor 

CERTIFICATE 
l etrtify that l am the R~ CUstodian for the A.®ident Inv~gati~ Board 
convened to investlg.ate the crash of two U.S. Army Black Hawk hehoopters mthe no 
fly zone in not1.he:m Iraq on J4 April1994, and that this is a true and actWate copy of 
the record ·which is kept in my records symm., J / ,v_. 7' .h=-

7 '1>1. .cy WlLUAM L. HARRJS,Capt. USAF, MSC 
Dati( Evidence Custodian. Incirlik Air Base. Turkey 
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TABO 

ADDITIONAL SUBSTANTIATING DATA REPORTS 

0-1 UH-60 Black Hawk 88-26060 

0-2 UH-60 Black Hawk 87-26000 

0-3 E-3BAWACS 

0-4 F-15C 79-0025 

0-5 F-15C 84-0025 

0-6 Human Factors 

0-7 Medical Reports 

0-8 Optics Report 

0-9 Crash ~ite Analysis Technical Report 

0-10 Technical Report, F-15C IFF/AAI Systems 

(See also Classified Addendum) 

0-11 Technical Report UH-60 Black Hawk 

IFF/AAI Systems 

• 

0-1 

0-2 

0-3 

0-4 

0-5 
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TAB0-5 

F-ISC 84-0025 

0-Sa Maintenance Technical Report 

0-Sb IFF/AAI Technical Report 

• 

0-Sa 
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TECHNICAL REPORT 
F-15 MAINTENANCE 

Aircraft Evaluated: F-1 SC, Tail Number 84-0025 

Incident Date: 14 April 1994 

• 

I. INTRODUCTION: The purpose of this evaluation was to determine the air worthiness, 
capability and effectiveness of F-ISC 84-0025's general aircraft and mission related systems. 

n. BACKGROUND: The accident involved the crash of two US Army Black Hawk helicopters, 
serial numbers 88-26060 and 87-26000, and the possible involvement ofUS F-15 fighter aircraft, 
serial numbers 79-0025 and 84-0025, and a US AWACS, aircraft serial number 77-0351, in the 
crash of these helicopters in the northern No-Fly-Zone oflraq on 14 April 1994. 

Aircraft 84-0025 arrived at Incirlik AB on 6 April 1994 and had flown 9 sorties since its arrival, 
prior to the incident sortie. 

m. EVALUATION: The evaluation included a maintenance analysis of three areas: airframe (to 
include hydraulics systems, electrical systems, and environmental control systems), engines, and 
avionics (to include fire control radar, communications, navigation, identification friend or foe 
(IFF), and air-to-air IFF interrogation (AAI) system). A review of the historical maintenance 
records for F-ISC 84-0025 was completed for each system. This review included the cur:ent 
AFTO Form 781 aircraft maintenance records, aircraft historical records, and computerized 
equipment history for all three areas. In addition, engine historical records and engine oil analysis 
records were reviewed for both engines. The aircraft's weight and balance records were also 
reviewed. 

Pilot testimony was reviewed for their assessment of the aircraft's general and mission related 
systems on the sortie prior to the mishap, the mishap sortie, and the sortie after the mishap sortie. 

The optical clarity of the aircraft's canopy and windscreen was evaluated by an aircraft structural 
maintenance specialist in accordance with T.O. IF-ISC-3-4. (Atch 2) 

Given the circumstances involved in the mishap, an extensive evaluation of the aircraft's AAI 
system was conducted. This evaluation is contained in a separate technical report at Tab 05b. 

IV. DETERMINATION: 

A. General Aircraft Systems: 
Aircraft 84-0025 had accumulated 2990.0 airframe hours prior to the mishap sortie (Tab HSa). 
Following the mishap sortie on 14 April 1994, the mishap pilot indicated the aircraft was a Code I 
aircraft (i.e., no discrepancies). (Tab AC4g) The aircraft was flown on another sortie after the 
mishap sortie on 14 April 1994, and the pilot on that mission also indicated the aircraft was Code 
1. (Tab AC4g) 
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A review of84-0025's historical maintenance records revealed no indications of chronic 
maintenance problems on its airframe or engine systems over the past 30 days. 

The aircraft's canopy and windscreen met all technical data requirements for optical clarity in 
accordance with T.O. IF-ISC-3-4. (Atcb 2) 

Aircraft 84-0025's computerized equipment review report and AFTO Forms 781 were reviewed 
for Time Compliance Technical Order (TCTO) compliance, scheduled inspection compliance, and 
component time change compliance. The aircraft had just completed a scheduled (every 200 
flying hours) aircraft inspection. (Tab HSc) The AFTO Form 781K revealed the aircraft had two 
overdue aircraft inspections (90 day aircraft wash and 14 day document review). None of these 
discrepancies were relevant to the incident. (Tab HSc) There were no outstanding aircraft 
TCTOs that had exceeded their grounding dates and none were relevant to the incident. (Tab 
USc) 

The historical maintenance records of both engines were reviewed. Neither of the engines had 
any overdue scheduled engine inspections. (Tab HSd, H5e) Each engine had several outstanding 
engine TCTOs, but none were beyond the grounding date, and none were relevant to the incident. 
(Tab USd) 

The aircraft's oil analysis records for the past 10 sorties indicated normal readings (i.e. lab 
recommendation of code A). (Tab USa) 

B. Specific Mission Related Systems: A review of the aircraft's historical maintenance forms 
indicate there were no communications, navigation, radar, or IFF discrepancies within the past 30 
days that would have degraded mission effectiveness. 

A review of pilot testimony indicated the aircraft's communications, navigation, radar, and IFF 
systems were operating normally during the mishap sortie. (Tab V29/Ql56;Ql58;QI59;Q164) 

The AAl system analysis is contained in a separate technical report at Tab 05b. 

C. Procedures: Maintenance personnel performed preflight and servicing on 84-0025 on 13 
April 1994 at 1700L. Preflight and servicing inspections were documented in the AFTO Forms 
78lH. (Tab H5a) 

2 Atchs 
I. Statement of Certification 
2. Affadavit - SSgt Thompson 

~~~~ 
F-15 Maintenance Board Member 
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STATEMENT OF CERTIFICATION 

I am Ml\ior Jeff Snyder, assigned to the 48th Fighter Wing, RAF Lakenheath England as 
the squadron maintenance officer, 493rd Fighter Squadron. I am the F-15 maintenance 
board member on the AFR 110-14 Accident Board, investigating the crash of two US 
Army Black Hawk helicopters and the possible involvement of US fighter aircraft in the 
crash of these helicopters in the northern No-Fly Zone of Iraq on 14 Apr 94. I have held 
various positions as a F106 and F-15 maintenance officer, squadron commander, and 
logistics staff officer over the past 15 years. I have been a maintenance training squadron 
commander and equipment maintenance squadron commander. I served as Research 
FeUow at RAND Corporation and as Chief, Maintenance Plans and Policy Branch at HQ 
United States Air Forces in Europe. I received my Master's Degree in Logistics 
Management from the Air Force Institute of Technology. I have been associated with the 
F-15 since 1983. 

Date: 5 /J h /i LJ -+· -'--'--/-, -'--"---- ~:;M>j,., USAF~ 
F-15 Maintenance Board Member 



• AFFIDAVIT 
SSgt Norman P. Thompson 

48th Equipment Maintenance Squadron 
5MAY94 

• 
I have been a Structural Maintenance Technician, 2A773, for 11 1/2 years; out of those years I have 
worked F-15 for 5 years. 

On 05 May 1994, I was asked to evaluate the canopy's and windshield's on Aircrafts: 9025, 4025. 
I used T.O. lF-lSC-3-4 to conduct this inspection. The criteria for the windshield can be found on 
page 4-16 para: 4-268 (Atch 1 ). The criteria for the canopy can be found on page 4-34A para 4-71 e 
(Atch 2). 

On my evaluation of A/C 9025 I found a scratch approximately 4 inches long at the 11 o'clock position 
on the windshield, near the windshield arch (Atch 3). Through visual inspection I found no distortion, 
and therefore there is no visual distortions. I then inspected the canopy, I found a few scratches that 
look like they may have come from a pilots helmet, but determined that they would be out of the pilots 
view area, and there was not any distortion. 

I then inspected A/C 4025. Upon inspection I found a small distortion in the windshield at about 12: I 0 
position. This was about halfway down the windshield in the critical view area (Atch 4). I was not 
sure if it was a distortion or not so I examined the canopy and found the same thing I found on AJC 
9025, and that was a few scratches but no distortions. I then went back and looked at the windshield 
again to make sure the distortion was still there and it was still there. Upon further inspection I 
determined that it was a small area not an area where a pilot would be able to focus in on for a long 
period of time. 

Overall I found that both A/C's canopy's and windshield's were in very good condition. The canopy 
and windscreen are within limits IAW T.O. 1F-15C-3-4 on both aircraft. 

I swear or affirm that the information provided above is true and accurate and that I am the same 
Norman P Thompson who performed the inspections discussed above. 

4Atch 
1. T.O.!F-J5C-3-4,p4-l6 
2. T.O. IF-!SC-3-4, p 4-34A 
3. T.O. IF-ISC-3-4, p 4-27 
4. T.O. IF-!SC-3-4, p 4-27 

_,Jc17A1a1 {0~~ 
NORMAN P. THOMPSON, SSgt, USAF 
Aircraft Structural Maint Technician 
.. . ---- -· 

CERTIFICATE 
I certifY that J am the Records Custodian for the Aet:ident Investigation Board 
convened to investigate the crash of two U.S. Army BLack Hawk belieoptm: in the no 
fly z:.one iQ ncrthcm Iraq on 14 April1994, and that this is a true and accurate oopy of 
the record whieh is kept m my ROOtd$: $j'$tem. . . w- ., ,.;......._, 

!1 111 . f V WllllAM L HARR.!S. Capt, USAF, MSC ri::J' Evidenct: Custodi&n,lncirlik Air Base, Turkey 

Subscribed and sworn to before me this 5th day o! may !,.,. ... · · 

Authority: 10 U.S.C. 1044a 
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4-23. WINDSHIELD. • See figures 4-6 and 4-6A. 

4-24. Two windshield assembly conditions exist 
for F ·15 aircraft. The first condition uses the 
original 68A350002 windshield assembly. See 
figure 4-6. The second condition exists when the 
68A350002 windshield assembly becomes damaged 
and needs to be replaced. Two spares kits, 
68R310085 (F-15C) and 68R310087 (F-15D) may 
be used to replace the 68A350002 windshield 
assembly. See paragraph 4-59A for installation of 
spares kits. Each spares kit contains an F-15E 
improved bird strike resistant windshield 
assembly, 68A350016. See figure 4-6A. The 
68A350002 and 68A350016 windshield assemblies 
are made up of a transparency, frames, frame 
substructure, and fairings. The windshield 
transparencies are stretched acrylic plastic. 

4-25. ACRYLIC TRANSPARENCY. The 68A350002 
windshield transparency is a single sheet of 
stretched acrylic plastic with phenolic fiberglass 
strips bonded to the edges where it attaches to 
the frames. See figure 4-6. The 68A350016 
windshield transparency is a single sheet of 
stretched acrylic permanently bonded in the 
frames. See figure 4-6A. 

Sealer applied to acrylic plastic on 
68A350002 windshield assembly must 
have a noncraze accelerator to prevent 
damage. 

NOTE 

Be sure Protex 20 paper is overlapping 
· at least 1/2 inch. The 2 inch masking 

tape is placed over the overlap area. At 
no time !hould the masking tape make 
contact with the acrylic transparency. 

a. Acrylic surface should be covered on both 
sides using Protex 20 paper and 2-inch masking 
tape after rework is completed. 

4-26. Negligible Damage. The damage limits 
below are classified as structurally negligible. The 
optics information is a guideline for allowable 
limits. 

4-16 Change 53 

• 

.... • 
a .. Scratches, nicks, and gouges. 

1. Critical vision area; see figures 4-6B 
and 4-7. Damage that does not positively cause 
hanging of a fingernail, length unlimited, . 
provided: · 

(a) Damage can be reworked per 
paragraph 4-30, step a. 

(b) Optics are acceptable per item b. 

2. Noncritical vision area; see figures 4-6B 
and 4-7 . .Damage depth and length unlimited, 
provided: · 

(a) Damage can be reworked per 
paragraph 4-30. 

(b) Transparency minimum thickness 
for 68A350002 windshield assembly after rework 
is 0.830 inch. Transparency minimum thickness 
for 68A350016 windshield assembly after rework 
is 0.900 inch. Refer to paragraph 4-27 for 
measuring transparency thickness. 

(c) Optics are acceptable per item b. 

b. Optics defects. Assuming the pilots normal 
flight position in the cockpit and viewing 
through the transparency against the sky and 
terrain, any defect that does not cause the 
viewer to focus on the defect, thereby causing 
distraction, is acceptable. Example: a defect in 
the critical vision area, see figures 4-6B and 4-7, 
would not be allowable; the same type defect 
outside of this area could be acceptable. 

c. Phenolic fiberglass outer strip damage on 
68A350002 windshield assembly. Delamination of 
t!te outer edging strips may occur as a result of 
wind, rain and/or hail erosion. The outer strips 
are added to provide a countersink surface for 
the flush attach bolts. Delamination may occur 
to the extent of removal of the strip down to 
the last lamination between fasteners with 

. enough strip remaining under the countersink to 
make sure a tight fit exists for the bolts. 

·d. Minor distortions/streaks within the 
transparancy spreading aft from the leading edge 
because of overheat from anti-ice hot air 
provided no fissures occur, fiberglass edging 
strips on 68A350002 windshield assembly are still 

( 
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4-67. CANOPY. See figure 4-9 for F-15C and 
figure 4-11 for F-150. 

4-68. The F-15C and F-150 canopy consists of 
two transparencies spliced together, supported by 
frames, channels, and substructure, with fairings 
conforming to the aircraft mold line. The canopy 
has an inflateble seal for cockpit pressurization 
in addition to rain seals. The F-15C canopy has 
a pressure deck assembly integral to the canopy 
structure that covers the equipment hay. The 
canopy transparencies are stretched acrylic 
plastic. The acrylic plastic transparencies have 
the fiberglass edging strips set above the "mold 
line. 

4-69. STRESS INTENSITY. Th~· .stress intensities 
are divided into four classes: Class 1 area, very 
high; class 2 area, high; class 3 area, medium; 
and class 4 area, low. The aft fairing is class 4 
area, low stress intensity and the web and pan 
are class 3 area, medium stress intensity. 

4-70. ACRYLIC TRANSPARENCIES. Canopy 
transparencies are a single sheet stretched acrylic 
plastic· With fiberglass edging strips bonded above 
the inner and outer mold line surfaces of 
transparencies. The edging strips mate with 
canopy structure. 

Sealer applied to acrylic plastic must 
. have a noncraze accelerator to prevent 

damage. · 

NOTE 

Be sure Protex 20 paper is overlapping - · 
at least 1/2 inch. The 2 inch masking 
tape is placed over the overlap area. At 
no time should the masking tape make 
contact ~th the acrylic transparency. 

a. Acrylic surface should be covered on both 
sides using Protex 20 paper and 2-inch masking 
tape after rework is complete. 

......... ,• 

4· 71. Negligible Damage. The· following damage 
limits are classified as structurally negligible: The 

• TO lF·l5C·3·4 

optics information is a guideline for acceptable 
criteria. 

a. Nicks and gouges if no deep~r than 0.020 
and span out over an area no greater than 0.250 
diameter. 

b. Scratches no deeper than 0.020 and no 
longer than 8 inches. 

c. Scuffs and helmet scrapes are acceptable. 

d. All other nicks, scratches and gouges, 
llnlimited in depth and length proviJied: 

1. Transparency minimum thickness after 
rework is 0.300, except for: 

(a) Localized damage where thickness 
may be reduced to 0.260 provided reworked area 
can be enclosed within a 2-inch diameter circle 
and spacings between such damages are a 
minimum of 4 inches, measured center to center. 

(b) Leading edge damage from wind, 
rain or hail erosion, where leading edge thickness 
may be reduced to 0.260 provided damage can 
be blended per parcnaph 4-73. 

2. Optics are acceptable per item e. 

e. Optics defects. Assuming the pilots normal 
flight position in the cockpit and/or rear cockpit, 
if applicable, and viewing through the 
transparency against the sky. and terrain, any 
defect that does not cause the viewer to focus 
on the defect, thereby causing distraction, is 
acceptable. 

EXAMPLE: A defect in the left or right vision 
area may be unacceptable; the same type defect 
elsewhere could be. acceptable. 

f. Phenolic fiberglass strip damage. 
Delamination of fiberglass strips may occur as a 
result of wind, rain or hail erosion; The strips 
are added to provide a countersink surface for 
the flush attach bolts .. Delamination .may occur 
to the extent of removal of·. the strip down to . 
the last lamination between' fasteners with " .. ·, . " 
enough remaining under the countersink to .!llake .· 
sure a tight fit exists for the bolts. Delaminated .. 
and missing phenolic fiberglass. strips may. be , .,. ::.··, 
repaired per paragraph 4-74B or .4-74F.: c.: i:ow:-;;1 

Change 55 
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CRITICAL VISION AREA 

CRITICAL VISION AREA 

VIEW A-A 

Fig~re 4-6B. Acrylic Transparency Rework Diagram, 68A35ooi6 

Change 38 
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Figure 4·6B. Acrylic Transparency Rework Diagram, 68A350016 I 
Change 38 4-27 
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TECHNICAL REPORT 

F-15 Air-to-Air Identification-Friend-or-Foe (IFF) Interrogation (AAI) System 

Aircraft Evaluated: F-ISC, Tail Number 84-0025 

Incident Date: 14 April 1994 

I. INTRODUCTION: The purpose of this evaluation was to determine the serviceability ofF
ISC 84-0025's AAl system. 

II. BACKGROUND: The accident involved the crash of two US Army Black Hawk helicopters, 
serial numbers 88-26060 and 87-26000, and the possible involvement of US F-15 fighter aircraft, 
serial numbers 79-0025 and 84-0025, and a US AWACS, aircraft serial number 77-0351, in the 
crash of these helicopters in the northern No-Fly-Zone ofiraq on 14 Aprill994. 

Aircraft 84-0025 arrived at lncirlik AB on 6 April 1994 and had flov.'ll 9 sorties since its arrival, 
prior to the mishap sortie. 

III. EVALUATION: A review of the historical maintenance records for F-ISC 84-0025 was 
completed. This review included the current AFTO Form 781 aircraft maintenance records, 
aircraft historical records, and computerized equipment history. The purpose of the review was 
to identify any history of pilot reported discrepancies documented on the aircraft's AAl system. 

Pilot testimony to the board was also reviewed to determine their assessment of the aircraft's AAl 
system performance on the sortie prior to the mishap, the mishap sortie, and the sortie after the 
mishap sortie. 

An F-ISC maintenance technical advisor performed a ground operational check of the aircraft's 
AA1 system in accordance with Technical Order (T.O.) 1F-15C-2-34JG. (Atch 2) 

After the completion of the ground check, the following components were removed from the 
aircraft and sent to Air Force tear down test facilities for detailed analysis: 

Component 

AA!lnterrogator 
Computer (KIR I C) 

AAl Receiver 
Transmitter RIT 

IFF Reply Evaluator 
(IRE) 

National Stock 
Number 

5810-01-273-7819 

5985-01-272-804 7 

5985-01-016-2209 

Teardown Facility 

AF Cryptologic Support Center 
Kelly AFB, TX 

Warner Robins Air Logistics Center 
Robins AFB, GA 

Warner Robins Air Logistics Center 
Robins AFB, GA 
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high confidence target. A low confidence target is one that has correctly replied to a Mode I, 11 
or III interrogation. A high confidence target is one that has correctly replied to a Mode IV 
interrogation. 

The F-ISC has an intetference blanking system (ffiS) whose purpose is to prevent intetference 
between active aircraft systems on the same aircraft which could be brought about by multiple 
radio frequency transmitters and receivers. The only component of the ms is the intetference 
blanker. When a system on the F-15 is sending a signal through its receiver/transmitter, the 
intetference blanker sends an electrical signal to other systems preventing them from inadvertently 
receiving that signal through their receiver/transmitters. 

B. HISTORICAL RECORDS REVIEW. A review of the historical maintenance records for 
aircraft 84-0025 showed the aircraft experienced no AAl failures between l December l 993 and 
9 March 1994. The pilot reported an AAl malfunction in flight on 9 March 1994. The AAl 
system Built-In-Test (BIT) failed, although the system operation appeared to be normal 
Maintenance was unable to duplicate the problem and returned the aircraft to service. (Tab H5i) 

The aircraft was modified by TCTO 1229 on 16 March 1994, incorporating the new electronically 
keyed KIT 1 C/TSEC and KIR l C/TSEC into the IFF and AAl system. (Tab U5b) These new 
components improve the reliability ofloading Mode IV codes into the aircraft's AAl and IFF 
systems. 

A pilot reported the aircraft had an in-flight problem on 23 March 1994 with the AAl system 
unable to interrogate any modes. Maintenance replaced the AAl RIT and the AAl was confirmed 
as serviceable. (Tab H5h) That pilot also reported the aircraft's IBS BIT light was illuminated 
on the same flight. indicating a problem with the aircraft's intetference blanking system. 
Maintenance replaced the aircraft's intetference blanker and the aircraft passed the serviceability 
check. (Tab H5h) 

On 8 April 1994, a pilot wrote up the AAl system for a discrepancy indicating another possible 
problem with the intetference blanking system. Maintenance was unable to duplicate the 
malfunction and returned the aircraft to service. (Tab H5f) 

On 13 April 1994, on the sortie prior to the mishap sortie, the pilot reported an ffiS BIT light, 
indicating the intetference blanking system had failed an internal self-test. Maintenance replaced 
the interference blanker and the system was confirmed serviceable by maintenance. (Tab H5g) 

C. PILOT ASSESSMENT. The pilot who flew aircraft 84-0025 on 13 Aprill994 (the sortie 
prior to the mishap sortie) used the aircraft's AAl system to successfully interrogate the other F
ISC in his flight with both Mode I and IV. (Tab V30/QlO;Ql2) The pilot of84-0025 on the 
mishap sortie also used the aircraft's AAl system to successfully interrogate the other F-ISC in his 
flight with both Mode I and IV. (Tab V29/Q32) The pilot of 84-0025 on the second sortie on 
14 April 1994 (the sortie after the mishap sortie) used the aircraft's AAl system to successfully 
interrogate the other F-ISC in his flight with both Mode I and IV. (Tab V31/QI6) The pilot did 
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Interference Blanker 

AAI Cockpit Control 
Panel 

5865-01-114-2469 

5985-01-044-4987 

. ... • 
Warner Robins Air Logistics Center 

Robins AFB, GA 

Warner Robins Air Logistics Center 
Robins AFB, GA 

Specific maintenance procedures with possible relevance to the mishap were investigated. The 
53rd Fighter Squadron's policies and procedures for loading Mode IV codes into the aircraft and 
for operationally checking the validity of those codes were reviewed and the squadron's adherence 
to those policies and procedures was evaluated. 

IV. DETERMil'iA TION: 

A. BACKGROUND. (The following information is derived from TO. IF-15C-2-34GS-00-1, 
dated I Apr 81, change 26, dated 15 Jul93 and T.O. IF-15C-2-99GS-OO·I, dated I May 91, 
change 4, dated 15 Aug 93) 

The F -15C AA1 system is an airborne IFF interrogator operating on Modes I, II, and III, plus a 
security mode (Mode IV). The system interrogator receives IFF replies from other aircraft, 
decodes them, then displays the appropriate symbology on the Venical Situation Display (VSD) 
screen in the cockpit The AAI system is comprised of an AAI control panel, a throttle 
multifunction switch, an IFF reply evaluator (IRE), an interrogator computer (KIR I C/TSEC), I 0 
dipole antennas and an AA1 receiver/transmitter (RIT). 

The pilot initiates the interrogation process by moving the throttle multifunction switch to the left. 
This action sends the interrogate command to the radar system where it is processed and then sent 
on to the IRE for processing for use in the AAI system. At this time, the pilot will see an "I" 
displayed in the lower left comer of the VSD indicating that the interrogation process is in 
progress. The IRE produces an interrogation signal based on the requested mode (I, II, III, or 
IV) selected from the cockpit AA1 control panel and sends this signal to the RIT unit 
Additionally, if Mode IV is the mode selected by the pilot, an interrogate command is routed from 
the IRE to the KIR I C!TSEC interrogator computer which sends the current day's coded data 
back to the IRE to be included in the transmitted signal. The RIT unit transmits the interrogation 
signal through the AA1 antennas that are mounted on the radar antenna. 

The interrogation signal is received by an IFF transponder system in another aircraft which 
automatically sends back a coded return signal. This return signal is received through the AA1 
antennas mounted on the radar antenna, and is processed in the receiver portion of the RIT. The 
coded data is stripped from the received signal by the RIT, then sent to the IRE where the coded 
data is processed to determine its validity. For Mode IV interrogations, the reply portion of the 
return signal is routed to the K1R I C!TSEC interrogator computer which interprets the reply for 
validity. A valid reply will trigger a Mode IV OK response to be sent back to the IRE. When a 
valid return signal is received, a signal is sent by the IRE to the radar telling it to display an AA1 
target return on the VSD. This signal is displayed on the VSD as either a circle or a diamond. 
The diamond symbology indicates a low confidence target and the circle symbology indicates a 
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note an interference blanking system anomaly but did not write up the system as he did not see 
any performance degradation (Tab V31fQ20) 

D. FUNCTIONAL CHECK. A functional check of the aircraft's AAl system was conducted by 
an F-15 maintenance technical advisor on 20 and 21 April1994. This test was performed using 
the AN/APM-349 Interrogation Systems Test Set. The test indicated the aircraft was capable of 
interrogating and displaying Mode I, II, and III low-confidence targets and Mode IV high 
confidence targets generated by the test set. The aircraft failed the Mode IV loop check, a 
internal self-test of the Mode IV system. This test sends a Mode IV interrogation through the 
AAl transmitter and then evaluates whether the signal is received by the IFF system's receiver. 
The technical advisor was unable to confirm his suspicion that the interference blanker system 
discrepancies and the failed Mode IV loop check were related (Attach 2) 

Based on the previously identified IBS problems with this aircraft, the technical advisor 
functionally checked the continuity of the aircraft wiring that carries the blanking signal between 
the interference blanker, the IFF system, and the AAl system. All wires checked good, in 
accordance with T.O lF-lSC-2-00\VD-10-1. (Atch 2) 

E. TEARDOWN ANALYSIS. The aircraft's IRE, AAl R/T, KIR I C/TSEC, interference 
blanker, and AAl cockpit control panel were removed from the aircraft and sent to Air Force 
testing laboratories for tear down analysis. The IFF RIT, interference blanker, AAl cockpit 
control panel, and IRE were sent to Warner Robins Air Logistics Center (WR ALC) and the KIR 
I C/TSEC was sent to the Air Force Crytologic Support Center, Kelly Air Force Base, Texas. 

The analysis of the IRE (serial number 1444) at WR ALC showed that, prior to the teardown, the 
unit met all functional test requirements. During teardown and individual circuit card testing, one 
circuit card had an out-of-tolerance test condition. Engineering analysis determined the 
discrepancy would have had no effect on the performance of the IRE. (Tab J5c) 

The analysis of the AAl RIT (serial number OKJ00199) at ViR ALC indicated the unit was in 
good operating condition and met all critical test requirements. (Tab J5b) 

The analysis of the KIR IC/TSEC (serial number 00936) at the Air Force Cryptologic Support 
Center at Kelly Air Force Base indicated the KIR 1 CIT SEC passed all tests. (Tab J5a w/o 
attach) 

The analysis of aircraft 84-0025's interference blanker (serial number 0206) at WR ALC 
indicated the unit met all functional test requirements. (Tab J5e) A second interference blanker 
(removed from 84-0025 on 13 April 1994 to correct an IBS problem) (serial number 0687) was 
also sent to WR ALC for a teardown analysis. That unit met all functional test requirements as 
welL (Tab J5e) 

The analysis of the AAl cockpit control panel (serial number 0642) at WR ALC indicated the unit 
passed all functional test requirements. (Tab J5d) 
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F. PROCEDURES: 

KEYING MODE IV INTO AAI AND IFF SYSTEM PRIOR TO FLIGHT 
The 53 Fighter Squadron (FS) maintenance organization enters the new day's Mode IV code into 
each of their aircraft's AAI and IFF system on the morning of the mission. (Tab V90/p2 para 4) 
This classified code is loaded into an electronic keyer (KYK -13 ). The electronic keyer is then 
used to key the IFF and AAI Mode IV systems on the aircraft. (Tab V90/p2 para 5) The Mode 
IV keying action is documented by a write-up in the aircraft forms binder. 

The board received an inquiry from an individual employed by a company who printed 
the technical data changes for the upgrade of the F-15 KIT I A to the KIT I C. The employee was 
concerned that the new technical data was not detailed enough for the procedure to load the 
Mode IV codes into the new KIT 1 C. (Tab V39/p2para3) An investigation showed the 
employee to be correct and the F-15 technical advisor has submitted a change to technical data 
(AFTO Form 22) to significantly expand the existing technical data. Although the technical data 
does not contain detailed information on loading Mode IV codes, it was determined that this 
technical data deficiency did not prevent the maintenance technicians from correctly loading the 
codes. 

Aircraft 84-0025's IFF and AAI systems were keyed on the morning of 14 April1994. (Tab 
V90/p3 para 2) This action was properly documented iri the aircraft forms binder. (Tab H5-b) 
The technician's training records indicate he was qualified to perform that task. (Tab T6-a) 

CHECKOUT OF MODE IV PRIOR TO FLIGHT 
The 53 FS maintenance policy, while deployed to Turkey, is to perform an operational check of 
each aircraft's IFF system just prior to takeoff on every Operation PROVIDE CO'MFORT 
mission. (Tab V38/pl para 5) An avionics technician, using an AN/APM-424 Transponder Test 
Set, interrogates each aircraft as it sits at its end-of-runway check. (Tab V40/p2 para 1) If the 
aircraft properly replies to the interrogation, the avionics technician receives a green light in the 
tester, and the pilot receives an audible tone, a light, or both in the cockpit. (Tab V40/p2 para 4) 
This check confirms the correct Mode IV code was entered into the aircraft's IFF transponder 
computer (KIT I CIT SEC). Since the Mode IV code is loaded simultaneously into the KIT 
IC/TSEC and the AAI interrogator computer (KIR IC/TSEC) (Tab V90/p2 para 4), this check 
also confirms the correct Mode IV code was loaded into the AAI system. It is squadron policy to 
ground abort an aircraft that does not pass this operational check of the IFF system. (Tab 
V38/p2 para 2) 

A squadron avionics technician interrogated 84-0025 using the IFF test set on the morning of 14 
April 1994 as it prepared for takeoff on the mishap sortie. The technician received a green light in 
the IFF test set and the pilot gave a "thumbs up" indicating he had received the proper cockpit 
indication. (Tab V40/p2 para 4) The pilot later stated that he had received a correct cockpit 

I 
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indication. (Tab V29/Q32) The technician's training records indicate he was in training for the 
operation of the IFF test set (i.e., training start date documented but training complete date not 
entered). (Tab T6b) An F-15 maintenance technical advisor evaluated this technician on the 
operation of the IFF test set, on 28 April 1994, and found him to be proficient in its use. (Atch 3) 

. \JJ rJ\~ ·~ 
nlfFMo~N~~AF 

3 Atchs 
I. Statement of Certification 
2. F-15 Technical Advisor's report 

w/o attachments 
3. F-15 Technical Advisor's memo 

F-15 Maintenance Board Member 
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STATEMENT OF CERTIFICATION 

I am Major Jeff Snyder, assigned to the 48th Fighter Wing, RAF Lakenheath England as 
the squadron maintenance officer, 493rd Fighter Squadron. I am the F-15 maintenance 
board member on the AFR 110-14 Accident Board, investigating the crash of two US 
Army Black Hawk helicopters and the possible involvement of US fighter aircraft in the 
crash of these helicopters in the northern No-Fly Zone of Iraq on 14 Apr 94. I have held 
various positions as a Fl06 and F-15 maintenance officer, squadron commander, and 
logistics staff officer over the past 15 years. I have been a maintenance training squadron 
commander and equipment maintenance squadron commander. I served as Research 
Fellow at RAND Corporation and as Chief, Maintenance Plans and Policy Branch at HQ 
United States Air Forces in Europe. I received my Master's Degree in Logistics 
Management from the Air Force Institute of Technology. I have been associated with the 
F-15 since 1983. 

~'--4~ MSER' Major, us@ 
F-15 Maintenance Board Member 
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REPORT 

ON 

AIR-TO-AIR IFF INTERROGATOR (AAI) 
SYSTEM 

OPERATIONAL CHECKOUT 

F -15C 84-0025 

CONDUCTED 20/21 APRIL 1994 

BY 

GERALD D SILVIUS, GS-11 

F-15 MAINTENANCE TECHNICAL ADVISOR 

CERTIFICATE 
I certify that I am the Records Custodian for the Accident Investigation Board 
convened to investigate the crash of two U.S. Army Black Hawk helicopters in the no 
fly zone in northern Iraq on 14 April 1994, and that this is a true and accurate copy of . 
the record which is kept in my records system. , J 1 

-·· ,,, J<L. Tl~~~ .. , 
7 f/t .,. ~ '1 WILLIAM L. HARRIS, Capt. USAF, MSC 

Dal9' Evidence Custodian, lncirlik Air Base, Turkey 

d/, .. j,,.,v.;;-£ t~' tft;/,,·. ·~ t'.4L 
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PREFACE 

This is a brief explanation of terms that will be used in the following description of the 

maintenance testing ofF-15C aircraft tail numbers 840025 and 790025. 

VSD Vertical Situation Display 

BIT Built in Test 

IFF Identification Friend-or-Foe transponder system. The IFF transponder system does 

the self-identification function for the aircraft. The system receives challenging signals 

(interrogations), determines authenticity and mode of challenge, and automatically 

transmits coded replies. The system operates in Modes I, II, and III/ A, which are 

Selective Identification Feature (SIF) modes, plus security Mode IV. 

AA1 Air-to-Air IFF Interrogator system. The AA1 system is an airborne IFF interrogator, 

independent of the IFF transponder, operating on the standard SIF feature Modes I, II, 

and III, plus Mode IV. The system transmits challenge signals and receives replies 

through antennas mounted on the radar antenna. The system decodes IFF replies to 

develop a confidence level display correlated with radar targets of the radar VSD. 

AA1 A built in test used to determine the serviceability of the AA1 interrogator system, 

BIT exclusive of the Mode IV BIT test. Can be initiated by maintenance personnel or 

air crew. 

Mode IV initiated BIT. An initiated BIT check that enables the maintenance 

technician to check the Mode IV serviceability of the IFF and the 1W systems. The 

BIT circuitry enables the on board AA1 system to interrogate the on board IFF system, 

giving go/no go indications to the technician. 

424 Transponder Set Test Set, AN/APM-424. A small, hand held test set that provides a 

Tester complete checkout of all IFF transponder features, including Mode IV. The test set 

interrogates the aircraft IFF system, receives the coded replies, determines the 

authenticity of the replies and displays the result as a go/nogo display to the operator. 
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349 Interrogator Systems Test Set, ANI APM-349. A flightline test set that provides a 

Tester checkout of all aircraft AAI system modes, including Mode IV. The test set acts as an 

IFF transponder that automatically transmits replies to aircraft interrogations in SIF 

modes I, II, III, and Mode IV. During the interrogation test, the tester displays an 

accept light for proper aircraft interrogations and the aircraft will display an applicable 

low or high confidence target on the VSD. SIF mode targets will be displayed as low 

confidence targets and Mode IV targets as high confidence targets. 
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AIRCRAFT 840025 

20 APRIL 1994 

• 
Opened up the aircraft panels and visually inspected the AAIIIFF systems for serviceability. The 

components all appeared to be in good condition. A visual inspection of cockpit revealed the 

following control switch positions: AAl Mode select switch was set to 4 A, the code wheels were 

set to 4300. The IFF Mode IV switch was set to "A", the IFF Mode I code was 43, the lFF 

Mode III/ A code wheels were set to 2410, IFF Mode I switch was set to ON, the lFF Mode II 

switch was set to OUT, and the IFF Mode Jill A switch was set to OUT. 

The units installed in the aircraft were as follows; AAl Receiver/Transmitter (RIT), Radio, 

RT868D/APX-76(V), serial number OKJ 00!99. AAI Radar Target Data Processor, 

MX9147NAPX, serial number 1444. KIR-IC/TSEC Interrogator Computer serial number 

00936. 

Performed the safe for maintenance checks, power on checks, attached ground equipment to the 

aircraft, and applied power to the aircraft. Applied power to the 349 tester, serial number DGX-

128, and ran the self checks which failed. Obtained a second tester, serial number DGX-86, and 

found that it was 16 days past due calibration. The decision was made to proceed with the 

aircraft checkouts with the out of calibration tester to get an indication of the AAl system 

serviceability. 

The first check to be accomplished was the AAl BIT check IAW T.O. IF-15C-2-34JG-53-l 

(Atch.l). After system warm up, the BIT check passed 6 out of6 attempts. 

The next check to be accomplished was the Mode IV Loop Check lAW T.O. IF-15C-2-34JG-53-

I (Atch, 1). This test failed every time attempted. It was run intermittently over the course of 

the entire checkout procedure and failed a total of9 times. The aircraft's lFF system would not 

give an indication that it was being interrogated by the aircraft's AAl system. 

The next check accomplished was the AAl operational checkout using the 349 tester lAW T.O. 

1F-15C-2-34JG-53-1 (Atch, 1). The steps listed are the actual operational testing after the set

up procedure: 
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checks, attached ground equipment to the aircraft, and applied power. Applied power to the 349 

tester and ran the self checks which passed. 

The first check to be accomplished was the AAI BIT check lAW TO. 1F-15C-2-34JG-53-1 

(Atch. I). After system wann up, the BIT check passed 6 out of6 attempts. 

The next check to be accomplished was the Mode IV Loop Check lAW TO. 1F-15C-2-34JG-53-

l (Atch. 1 ). This test again failed every time attempted, It was run a total of 6 times and all 6 

failed, The IFF system would not give any indication that it was being interrogated by the AAI 

system. 

The next check accomplished was the AAI operational checkout using the 349 tester lAW TO. 

IF-15C-2-34JG-53-l (Atch. l). The steps listed are the actual operational testing after the set

up procedure; 

STEP MODE RESULTS 

29-31 M-Ill The aircraft successfully interrogated the 349 tester displaying the 

interrogation cue and a low confidence target at the proper range on the VSD. 

The 349 accept light illuminated indicating that the interrogations were correct. 

Interrogated the tester 6 times with the same result. 

32 M-Ill A second Mode III test with a different code set into the control head. The 

33-40 

41-44 

aircraft display was correct and the accept light illuminated on the 349 tester. 

Interrogated 6 times successfully, 

M-il The aircraft displayed the interrogate cue on the VSD and a low confidence 

target at the proper range. The 349 tester accept light was illuminated. 

Interrogated 6 times successfully. 

M-I The aircraft displayed the interrogate cue on the VSD and a low confidence 

target at the proper range. The 349 tester accept light was illuminated. 

Interrogated 6 times successfully. 
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STEP MODE RESULTS 

29-31 M-III The aircraft successfully interrogated the 349 tester displaying the 

interrogation cue and a low confidence target at the proper range on the VSD. 

The 349 reject light was on continuously even though the aircraft system 

appeared to operate correctly. A second 349 tester self check was performed 

successfully indicating that the tester was capable of displaying the accept light. 

Interrogated the tester 6 times with the same result. 

32 M-Ill A second Mode III test with a different code set into the control head. The 

aircraft display was correct but the reject light was illuminated on the 349 

tester. Interrogated 6 times. 

33-40 

41-44 

45-57 

M-Il The aircraft displayed the interrogate cue on the VSD but no low confidence 

target was displayed and the 349 tester reject light was illuminated. 

Interrogated 6 times. 

M-I The aircraft displayed the interrogate cue on the VSD but no low confidence 

target was displayed and the 349 tester reject light was illuminated. 

Interrogated 6 times. 

M-IV The aircraft displayed the interrogate cue and a high confidence target at the 

proper range on the VSD for Mode IV A and B codes. Had a hard reject light 

on the 349 tester continuously. Interrogated Mode IV A and B codes 6 times 

each. 

AIRCRAFT 840025 
21 APRIL 1994 

After obtaining another 349 tester, serial number DGX-59, which was in calibration, the entire 

testing procedure was performed again. Performed the safe for maintenance checks, power on 
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45-57 M-IV The aircraft displayed the interrogate cue and a high confidence target at the 

proper range on the VSD for Mode IV A and B codes. The accept light on the 

349 tester illuminated properly. Interrogated Mode IV A and B codes 6 times 

each successfully. 

The successful completion of all the preceding checks indicate that the AAI system was 

operational. To further prove the AAIJIFF system reliability a 424 tester was used to interrogate 

the IFF system separately to determine if there was a problem with the IFF system. The 424 tests 

passed four times in succession indicating that the IFF system was operational. 

In light of the previously reported Interference Blanker System (IDS) problems, I checked the 

wiring that carries the blanking signals between the Interference Blanker (IB), the IFF system and 

the AAI system. I checked the wiring for open circuits, short circuits to ground, high resistance 

open circuits and high resistance circuits to ground utilizing a Hew! itt Packard model 8205 multi

meter and a Tektronix model 1502 Time Domain Reflectometer (TDR). The following wires 

were tested for continuity utilizing T.O. IF-15C-2-00WD-IO-I as reference (Atch. 2); connectors 

103P-BOOIB pin 38 to 67P-BOOIC pin 13, 103P-BOOIB pin 39 to 67P-BOOIC pin 14, 102P

BOOIA pin 6 to 67P-BOOIA pin J, 79P-BOOIB pinE to 67P-BOOIB pin J, and 79P-BOOIB pin A 

to 67P-BOO I A pinK. All the wires tested checked good while moving and stressing the wire 

bundles as much as possible in an attempt to duplicate any possible malfunction that would arise 

from "G" loading and inflight vibrations. 

CONCLUSION 

At the time of the operational checks, despite the Mode IV Loop Check failure, the AAI system 

installed in aircraft 840025 was capable of interrogating and displaying Modes I, II, and III low 

confidence targets, and Mode IV high confidence targets. 

~ ~ 
/' erald D. Silvius, GS-11, DAF 

F-15 Technical Advisor 

2 Attachments: 

Excerpts frolll TO IF-UC-Z-34JG-53-1 

2. eJ<eerrts freFH TO IF-15C-2-00WD-10-l 

'l'+f ' . 
/f../!.;'lo<~..(t !,(:,..,......,- 1 /~ ·I{',L_ 
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Memorandum for Record 30 April1994 

TO: Whom it May Concern 

At Major Snyder's request, on the morning of28 April, I observed Airman Norman 

interrogate the Identification Friend-or-Foe systems on two 53 FS F-15C aircraft with the 

AN/MPM-424 test set. The interrogation was being performed on the aircraft as they 

were stopped on the taxi way adjacent to the 53 FS parking area as required by 53 FS 

policy for mode 4 checks prior to flight at OPC. He performed step 4 of the test set self 

test procedure and step 40 of the mode 4 test as shown in TO 1F-15C-2-34JG-52-I 

correctly on both.aircraft. Successful completion of these steps satisfies the requirement 
. ' 

for the prior to flight mode 4 check. 

F-!5 Technical Advisor 

•·• ''r>• ,._._. ·-·, • .;..;.·.~; :::: •:·.-~---·~·.<: .. :::: :::·.: 
'...X·,;·_;_.:::;.· :·_;:<. 

· .. J . • ·.;.:, ;."··;·.~·;:; .:~::>; • .:_-./·.~ ~-- ·.:.·.:. :'. ,.·: 
:. • .• '. \::.') ;">,· .::.-: • .. ;·:.: .·: .. 

!.' -· ~. • • '. • • 

' ...... , 
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I. INTRODUCTION 

TECHNICAL REPORT 
HUMAN FACTORS 

···-~·--····----···--

• 
The purpose of this evaluation was to discover the perceptions of the crew members aboard 
USAF AWACS aircraft serial number 77..0351 and assess their impact on crew performance on 
14 Aprill994, and to discover the perceptions ofthe F-ISC flight lead of the incident aircraft and 
assess their impact on the mis-identification of two US Army Black Hawk helicopters, serial 
numbers 88-26060 and 87-26000. 

This report was prepared for the official AFR 110-14 aircraft accident investigation into the facts 
and circumstances surrounding the crash of two US Army Black Hawk helicopters and the 
possible involvement of US fighter aircraft and a US E-3B AWACS aircraft in the crash of these 
helicopters. 

ll. BACKGROUND 

This technical advisor is presently the Chief Air Force Aviation Pgychologist, Headquarters Air 
Force Safety Agency. I have held this position since 1988. I graduated with highest honors with 
a Bachelor of Science from Dakota State College in 1961 and received my Doctoral Degree in 
Psychology (Ed D) in 1974 from Ball State University, Muncie , Indiana. 

I joined the Air Force in 1979 and was assigned to the USAF hospital, Ellsworth AFB, South 
Dakota as the Clinical Psychologist. In 1982, I completed Squadron Officers School in residence 
and was assigned to Grissom AFB, Indiana as Chief of the Mental Health Clinic. 

I was subsequently assigned as ChiefPsychologist, USAF Hospital and attached to the Fighter 
Squadron, Bitburg AB, Germany in 1984 where I developed a Human Factors training program 
for the F-15 and F-4 Flight Commanders at Bitburg and Spangdahlem Air Bases. In 1985, I 
graduated as an aviation psychologist from the USAF School of Aerospace, Brooks AFB, Texas. 

In May 1988, I was assigned to the Air Force Inspection and Safety Center (AFISC) at Norton 
AFB, California as the Chief Air Force Aviation Psychologist. I developed training programs for 
various Air Force Major Commands, with special emphasis on psychosocial stressors. 

The focus of this report is to determine the effect of human factors (the study of capacities and 
limitations of the human side of safety, AFP 127-1, Vol. III) on the F-15 pilots and AWACS 
crewmembers involved in the 14 April 1994 accident. 

lli. EVALUATION 

The assessment and evaluation was based upon life science interviews with AWACS crew 
members conducted with Maj Chris Lisanti, Flight Surgeon member of the AFR 110-14 board. 
These interviews collected data about crewmembers' activities 2 weeks and 72 hours prior to the 
accident, information on their perceptions of the ROE and responsibilities of the AWACS at OPC. 



• • 
Further, assessment and evaluation was based upon my personal observations during witness 
testimony to AFR 110-14 board members, my review of AWACS training and medical records, 
and my review of transcripts of witness testimony taken by the investigation board. 

IV. DETERMINATIONS 

A. AWACS 

This advisor determines three perceptions were evident among the A WACS crew members. 

I. AWACS CREW MEMBERS FELT THEY WERE NOT RESPONSffiLE 
FOR TRACKING HELICOPTERS 

This perception was repeated throughout the testimony of AWACS crew members. As one 
surveillance technician testified, "We rarely deal with helicopters .. " (V21/Q63). In my previous 
rotation here, my previous TDY I don't remember maintaining a picture on any helicopters in the 

. AOR. I found these helicopters in the AOR to be an unusual event (V21/Q66-67). "As I 
understand it, sir, we know the helicopters are going to be there if they decide to tell us. But we 
don't talk to them, we don't see them, unless they decide to do that to us. So as I understand it, 
we are kind of left out of the loop with them. We're not always sure of what they're doing" 
(V2IIQ90). 

Another surveillance technician related, "We did not have a flight plan on Eagle Flight aboard the 
airplane. From what I understand, we do not normally get flight plans on helicopters. We do not 
receive any briefings on the route of flight for the helicopters" (V22/p3para7). The air 
surveillance officer on board the AWACS on 14 Aprill994 supported this perception by 
testifYing, "Since I've been here, we have never tracked helicopters in surveillance. The weapons 
team talks to them so they are responsible for tracking" (Vl8/Q29). When asked whether 
surveillance received any flight plans on the helicopter prior to taking off, the surveillance officer 
replied, "No sir, we don't have a takeoff time, no flight plan" (VI8/Q134). "It's not our 
[surveillance team's] responsibility [to track Eagle flights]" (V18/Q139/Ql40-143). 

However, when the staff mission crew commander testified regarding the weapons crew members 
responsibility in OPC, he said, "The primary mission of the weapons section .. .is to control 
fighters• (Vl3/Q85-88). He further testified that no one is specifically assigned the responsibility 
for monitoring friendly helicopter traffic in the no-fly zone (V13/Q91) and he admitted "There are 
no procedures" if there is a loss of radar contact with helicopters (Vl3/Q216-219). He also 
reported if a helicopter disappears and you knew he was enroute from a particular point to 
another, there are no written procedures telling them whether to zero the track out or not 
(Vl3/Q254). He goes on to explain that AWACS receives helicopter flight plans only when the 
helicopter "checks in. • He relates, "Occasionally they will check in and tell us everything they're 
doing all day long. Sometimes, they11 check in and we'll never hear from them again" 
(Vl3/Q324). The staff mission crew commander further reported, he never received flight 
information on helicopters from other agencies. Receiving information from helicopters depended 
upon the particular pilot (V13/Q328-330). 
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The senior weapons director supported the view of no responsibility towards helicopters in OPC. 
He testified, "there's not any real routine" for helicopters landing and taking off in the no-fly zone. 
" ... the majority of them land and take off without telling us" (V14/QI88). The AWACS enroute 
controller stated, " ... they [helicopters] fly whatever route they want to. If they report in at all, 
they'll say we are going from this point to this point, but we don't have a route or they don't tell us 
[where they're going]" (V16/Ql43). 

The extent to which the A WACS crew members perceived no responsibility for tracking 
helicopters is summarized in the testimony of the senior weapons director. When asked about the 
possibility the identified Iraqi Hind helicopters could have been Eagle Flight, the day of the 
incident he replied, "The Black Hawks weren't even a thought" (Vl4/Q343). 

2. AWACS CREW MEMBERS SEEMED CONFUSED AND UNCERTAIN 
ABOUT THEIR ROLES REGARDING TRACKING IN THE AOR 

Testimony by crew members also supported this perception. One surveillance technician related, 
"A friendly helicopter that is on a mission and communicating with us would probably [emphasis 
added] be ... tracked by our weapons people ... " (V2!/Q26). He further stated, "I don't remember 
them specifically addressing" whose responsibility it was for tracking targets north of the 36 
parallel in Ir~q. "I assume [emphasis added] that would be a surveillance mission ... " (V2!/Q59). 
When questioned as to who was responsible for placing symbology on the helicopters, he stated 
the symbology [on Eagle Flight] would have been placed on the track by someone in the AWACS 
crew. He further stated that he didn't know who would normally have this responsibility within 
weapons (V21/Q77). · 

Another air surveillance technician stated, "We go over what we're suppose to be tracking. The 
discussion at home base is not that specific as to what kind of tracking, type of aircraft, who is 
going to be tracking what aircraft, or what the AOR looks like" (V22/p l paraS). "It wasn't that 
specific when we got here either because we had to call weapons to know what we were 
supposed to be tracking" (V22/p2paral). He goes on to state, "I was briefed to expect F-15s. I 
did not know about Eagle Flight" (V22/p2para3). 

The air surveillance officer stated, "The AWACS crew consider the Eagle Flight to be OPC 
aircraft ... that automatically switches to weapons section for responsibility for tracking." 
(V18/Qll3-114). However, the staff mission crew commander offered a slightly different 
perception when he said, "The surveillance area of responsibility is maximum 360 degrees 
coverage ... with the additional tasking of the no-fly zone" (Vl3/Q79). He related, in the OPC 
AOR, the surveillance section has primary responsibility for locating, identifYing, and monitoring 
aircraft (V13/Q81-82). He also reported, the weapons section has " .. very limited responsibility ... " 
for tracking helicopters in the no-fly zone (Vl3/Q90). However, the senior weapons director said 
something different He related, "Once a helicopter is tagged with symbology in the AOR, the 
AOR controller is responsible for tracking." But he also said, "Most of the time, they 
[helicopters] would check up with us on the check in frequency. So, the person that would be 
talking to them would be the enroute controller" (Vl4/Q74-75). He testified, "The enroute 
controller would have probably [emphasis added] handed them [Eagle Flight] off to the AOR 
controller... My understanding [emphasis added] is the helicopters are supposed to be monitoring 
the AOR clear frequency. ...then they would have been able to talk to the AOR controller, which 
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they should when they're in the AOR" (V14/Ql24). The air surveillance officer offered another 
perspective by stating, "Since I've been here, we have never tracked helicopters in surveillance. 
The weapons team talks to them so they are responsible for tracking" (V18/Q29). 

However, another AWACS controller stated, "We never had any guidance at all on helicopters." 
(V16NQ12). "I suppose (emphasis added) if somebody were to be assigned the responsibility, 
it would have been the responsibility of the AOR controller" (VI6/Q22). 

3. AWACS CREW MEMBERS FELT THEY LACKED CONTROL 
AUTHORITY OVER FIGHTER AIRCRAFT IN OPC 

Testimony from AWACS crew members supported this contention. The staff mission crew 
commander related that if the MCC wanted to make a change of missions on the ATO, "He'll be 
overridden by the Duke. The Duke is responsible for the flight flow. If we don't say, 'Duke 
directs,' then the fighters normally will not obey the command. Fighters should comply with 
A WACS controllers requests to terminate engagements. Whether they will or not is your guess 
as well as mine" (VI3/Q137). When the tanker controller was questioned whether anyone on 
board had commit authority for fighters, he responded, "He [sic] does not have commit authority. 
That's up to the tactical planes" (VI7/Q47). The senior weapons director also stated, "Its not my 
position to stop an intercept with the fighters already engaged" (VI4/Q70). When queried as to 
whether the controllers should relay an order to the intercepting pilot to fire warning shots, he 
responded with, "No" (Vl4/QI07). 

B. F-ISC FLIGHT LEAD 

This advisor determines the following factors contributed to the visual mis-identification by the 
F-ISC flight lead oflraqi Hind helicopters. 

1. FLIGHT LEAD BELIEVED NO AIRCRAFT WERE TO BE IN THE AOR 
AHEAD OF FIGHTERS AND NO FRIENDLY HELICOPTER ACTIVITY WAS IDEI\'TIFIED 
FOR THAT DAY IN THE AOR 

Testimony verified these contentions. The flight lead stated, "The ACO ... says that aircraft with 
AI radars, will be the first people to enter the AOR each day to sanitize. So my understanding is, 
if you're the first F-lS flight of the day ... you will be the first in the area. No one else will be 
allowed in until you ensure that there are no Iraqis in the area" (V29/Q84). The F-l5C wingman 
also supported this by stating, " ... ACO guidance that [states] no aircraft will enter the AOR until 
fighters ... sanitize it ... " (V28/Q I3). The AWACS tanker controller also related, "Tiger flight is 
supposed to be the first aircraft into the AOR" (V 17/Q214) and the air surveillance officer stated, 
"The F-15s are the first ones. They are the primary air-to-air players out there. They go out into 
the area of responsibility before anybody else ... " (V18/QlSO). · · · 

Not only did the F-ISC flight lead and wingman believe they were to be the first aircraft in the 
AOR, they also had not heard any information about any friendly helicopter activity in the AOR 
the day of the incident. The F-ISC wingman related, "On the morning of 14 April, I met the flight 
leader ... and we drove to the squadron operations building .... we proceeded to Intel section and 
received a briefing from the squadron Intel officer ... there was no mention of any helicopter 

I 
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activity in the AOR" (V28/Q13). The F-ISC flight lead supported this with, "Nothing at all was 
briefed about helicopters" (V29/Q24). The wingman further related, there was no information on 
the daily flow sheet about Eagle Flight (V28/Q 17). And the F-ISC flight lead stated, "We did 
that and also noticed there is [sic] no helicopters on the frag ... " (V29/Q25). 

2. MINIMAL VISUAL RECONNAISSANCE, LOW ALTITUDE INTERCEPT 
TRAINING MADE THE PILOTS UNCOMFORTABLE WITH THE INTERCEPT 
PARAMETERS 

Testimony presented by the two F-1 SC pilots supported this perception. The F-ISC flight lead 
explained, "Since January the 1st, due to TDYs and a move to Spangdahlem, we did not do any 
visual recognition training, and that's a decision between the Weapons Officer and Intel on what 
we need ... " (V29/Q234). He goes on to explain about 5 to 10 percent of the visual recognition 
training related to helicopters (V29/Q234). The F-ISC wingman stated simply, " .. we haven't had 
any training like that since the first of January" (V29/Q265). He also stated that during visual 
reconnaissance training there were no photos of Black Hawk helicopters with auxiliary tanks 
installed" (V28/Q270); and the F-ISC flight lead could not remember any training that pointed 
out Black Hawk helicopters had flags painted on them (V29/Q224). 

Regarding low altitude intercept training, the F-ISC wingman reported, "With twenty/twenty hind 
sight, given the--, everything that's unfolded ... being based in Germany, we don't train below a 
thousand feet on a regular basis... That was a training limitation. I was uncomfortable getting 
down low altitude with that two ship. Primarily the reason was .. .I didn't have both of them in 
sight ... the type of terrain we were looking at and trying to get down there at a helicopter flying as 
low as they were is not something we routinely train towards" (V29/Q257). The F-ISC flight 
lead related, "Yes sir, R TU which is the training unit for F -ISs, use to have a low altitude 
checkout program ... that was below 5,000 feet. They did not have that when I went through due 
to cutbacks... So, I did no training below 5,000 feet until I got to Bitburg. I've only had two 
upgrade rides in low altitude training... Those were the only two times I've ever gone below a 
thousand feet" (V29/Ql27). 

3. FLIGHT LEAD RECEIVED NO INFORMATION TO DISSUADE HIM 
FROM HIS PERCEPTION OF IRAQI HIND HELICOPTERS 

Following take off and initial entry into the AOR, the F-ISC flight lead received no information 
to dissuade him from his perception he was to be the first aircraft into the AOR. The F-ISC flight 
lead testified that at about 40 miles northwest oflraq he asked the Duke if he had any information 
he needed to know that had changed since the briefing and he said, "negative words" (V29/Q33). 
"We hit Gate 1, which is the actual border between Turkey and Iraq ... [I] said, 'Cougar, Tiger is 
on station ... ' Usually, at this point, if there is any air-to-air activity anywhere in Iraq, Cougar will 
give us a picture call that tells us what he sees. ...He just responds, 'Roger,' with no picture calls. 
My assumption is that there is no air activity in the AOR at this time" (V29/Q33). The F-ISC 
flight lead's assumption is based on the ACO which states procedure in the AOR is "min comm" 
which means unless something changes there will be no communication (Operation Provide 
Comfort ACO Vol. II p.9 Section Fl). Also the flight lead reported that, "On a regular basis he 
(Cougar) will only talk to us with additional information. We try to use brevity. So he will not 
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talk to us on the radio, with the exception of telling us that he heard us... and give additional 
words unless he actually has something to tell us" (V29/Q34). 

However, upon entering the AOR, the flight lead picked up a radar hit and reported the contact to 
AWACS. The wingman testified that AWACS responded with "Clear there" (V28/QI3). The 
F-ISC flight lead commented, "AWACS basically acknowledged that he heard me, but that he had 
no information about this" (V29/Q37). Both pilots then initiated the process of determining 
whether the radar contact was friend or foe. The F-ISC wingman stated, "I rolled my radar 
down, found a single low target ... I locked onto it and interrogated both Modes I and IV with no 
reply" (V28/Q 13 }. The F-ISC flight lead made three attempts to interrogate the radar contact. He 
said, "At this point I continue to hold my radar lock and I use my air-to-air interrogator to 
interrogate the friendly modes that all aircraft should be squawking out there. The first one is 
Mode I... I interrogate and I get no response. I reached down and changed my switch to auto. 
Auto is going to use the S IIS2 switch ... which is the second thing that all friendlies should be 
squawking ... as soon as I initially push down on the interrogator button to interrogate Mode IV ... 
the contact is locked. He's a star out there. If he was squawking proper Mode IV the star would 
change to a circle. Okay, if he wasn't, the star would stay a star. Initially, when I pressed down 
on the air-to-air interrogator, that star did tum to a circle. It lasted for about one second, and 
then the circle disappeared and went back to the star" (V29/Q33}. The flight lead further related 
that there are anomalies with the jet that cause the initial interrogation to come up as a false 
reading. So he was unsure what the momentary circle meant, and decided to check again. He 
reinitiated interrogation and stated, "It (circle) only lasts for a second and then it goes away. For 
the remainder of the interrogation, 4 to 5 seconds, it's a star, and it's showing me that he's not 
squawking Mode IV" (V29/Q35). 

Flight lead then tried a second time and reported " ... there's no replies on any of their squawks in 
the interrogations. So, as far as I know, he's not squawking a friendly mode" (V29/Q37). Finally 
the F-ISC flight lead made a third check and that checked negative (V29/Q35). AWACS 
responds with "Hits there" (V28/Ql3). 

At this point, the flight lead believed he was the first aircraft into the A OR, he knew of no friendly 
helicopter activity scheduled for that day in the A OR, the A WAcs hadn't indicated anything to 
the contrary and he received no response he considered valid from the helicopters when he 
interrogated whether they were friend or foe. So now the F-ISC flight lead is committed to a 
visual identification of the aircraft. 

Flight lead states, "What I see is a Hind Helicopter. . . .it had a tapered empinnage ... the tail 
section from the bubble part to the tail is tapered, il gets slimmer as it goes back. The vertical tail 
is sloped so it goes backwards. It doesn't go straight up in the air... it's slanted towards the rear of 
the aircraft, the vertical taiL He has sponsons on both sides .. .it's the part... that they attach there ... 
to put ordnance on. I say on the radio, VID Hind, no Hip ... disregard Hip, VID Hind" 
(V29/Q38). Following his visual identification, the flight lead asked his wingman to confirm his 
ID. His wingman responded, "Tally Two" (V28/Q13). The F-ISC flight lead stated " ... I was 
positive of the aircraft I was looking at, but I was not sure that I was saying the right designation 
for it" (V29/Q33). " ... With the sponsons and the tail section of the aircraft, I was definite, it was 
a Hind" (V29/Q42}. 
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Regarding information from AWACS provided to the F-ISC flight lead during the intercept, the 
flight lead replied, "The only information I received was on initial contact, I knew he heard me 
because he answered me, but gave no information back. On the second contact, the second time I 
made the radio call about the contacts he said, 'hits there', so I know he had them on his radar. 
And the rest of the transmissions were all acknowledging the fact he heard me, but without any 
additional information" (V29/Ql 1 1). 

JO CE k_ TETERS, Lt Col, BSC, USAF 
Chief, Air Force Aviation Psychologist 
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MEDICAL STATEMENT 

USAF AlRCREW MEMBERS 
BLACKHAWKACCIDENT, 14APRIL 1994 

• 
For each of the individuals listed at attachment 4, I conducted a review of the medical and 
dental records. All members had current flying class physicals and all were qualified for 
flying duties. Several individuals were on waivers for medical conditions and some were 
on medications for those conditions; none which impacted this accident 

Full physical examinations, including full eye and hearing tests, were performed on all 
members (Atch 5). Full optometric examinations were performed on Control Witness 26 
(F-ISC flight lead) and Control Witness 25 (F-ISC wingman). Additionally, Control 
Witness 24 (AWACS T AOR controller) underwent the Farnsworth D-15 color test 

Urine and blood specimens were obtained on 14 APR 94 for drug screen, carbon 
monoxide, blood count, blood sugar and blood alcohol on Control Witness 09 (AWACS 
staff mission crew commander), 24 (AWACS TAOR controller), 25 (F-ISC wingman) 
and 26 (F-15C flight lead) (Atch 5). Urine and blood specimens were obtained on 17 
APR 94 for drug screen, carbon monoxide, blood count and blood sugar on the rest of the 
individuals (Atch 2, 7 and 8). 

Complete psychosocial interviews, including 72 hour and 14 day histories, were conducted 
with each of the individuals, except Control Witnesses 09 (AWACS mission crew 
commander), 13 (AWACS enroute controller), 23 (AWACS duke) and 24 (AWACS 
TAOR controller). Counsel for Control Witness 23 limited the interview to the 24 hour 
period prior to the accident which revealed poor nutrition. Counsel for Control Witnesses 
09, 13 and 24 recommended that their clients not participate in this interview. For these 
four individuals, interviews with associates were conducted to amplify or provide 
information concerning their psychosocial background and 72 hour history. Crew rest 
was reviewed for all individuals and no deficiencies were noted (Atch 4). Several crew 
members were TDY for four or more months in the previous 12 month period (Atch 6). 
The International Civil Aviation Organization's formula for recommended crew rest due 
to circadian rhythm desynchrony resulted in a rest time of 1.8 days (Atch 9). 

With the exception of the matters noted in Attachment I, 2 and 3, I saw no evidence of 
compromising mental or physical defect from review of records, physical exam results, 
toxicological reports and interviews. 

- ~".~~/~CZJ~- ='> 
C~HER J. LISANTI 
MAJ, USAF, MC, FS 
Accident Board Flight Surgeon 
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TECHNICAL REPORT 
MEDICAL ATCH #1 

• 
1. A physical examination perfonned on Control Witness 17 (A W ACS-AST) on 20 Apr 94 
showed his distant visual acuity was 2ono in both eyes without glasses. His near visual acuity 
was 20/20 in both eyes. He was not wearing, nor did he have, glasses on 14 Apr 94. He was able 
to perfonn his job reading the radar scope which is within arm's distance, since his near visual 
acuity was nonnal. 

2. This condition did not impact this accident. 

~~ 
CHRISTOPHER J. LISANTI 
MAJ, USAF, MC, FS 
ACCIDENT BOARD FLIGHT SURGEON 

.... .. ( 
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TECHNICAL REPORT 
.MEDICAL ATCH #2 

. .... • 
1. Urine toxicological screen for drugs on Control Witness 20 (AWACS-computer technician) 
performed by the Armed Forces Institute of Pathology was positive for pseudoephedrine 
(decongestant) and phenylpropolamine (antihistamine). Control Witness 20 denied taking any 
medication except Excedrin P.M. (tylenol and benadryl) in the two weeks prior to the collection. 
He also was not prescribed any of these medications by a physician during this time. He denied 
any cold symptoms or fatigue, and flew six times in the previous two weeks without incident. 
The remainder of his drug screen was negative. 

2. This finding did not impact this accident. 

~~ 
CHRISTOPHER J. LISANTI 
MAJ, USAF, MC, FS 
ACCIDENT BOARD FLIGHT SURGEON 



• 
TECHNICAL REPORT 

ATCH#J 

• 
I. Control Witness 2S (F-ISC pilot) had a condition that resulted in slowly progressive eyelid 
droop. He was evaluated by an ophthalmologist (eye doctor) on 7 APR 93 where he had 3 mm of 
right eyelid droop. He was given the option of surgery, but opted not to have it because the 
droop was not as severe as it became later. His flight physical on 17 MAY 93 noted "mild eyelid 
ptosis (droop) bilaterally (both eyes)." His most recent flight physical, performed on 14 Feb 94, 
made no comment regarding his eyes except that be had 20/20 visual acuity in both eyes, near and 
far, without correction. 

2. A physical examination performed on Control Witness 2S on 18 Apr 94 was notable for right 
eyelid droop. His distant visual acuity was 20/15 in his right eye and 20/17 in his left eye, 
without correction. His near visual acuity was 20/30 in his right eye and 20/25 in his left eye, 
without correction (acceptable near vision for F -1 5C pilots). A full optometric exam performed 
on 24 APR 94 revealed some upper/outer visual field constriction in his right eye and minimal 
extreme upper field constriction in his left eye due to eyelid droop (Tab 0-7b) He was then 
evaluated by an ophthalmologist at Landstuhl Hospital. Control Witness 25 had 7 mm of right 
eyelid droop and 3 mm ofleft eyelid droop. Visual field testing indicated normal fields in his left 
eye and visually significant eyelid droop affecting his upper fields in his right eye (Tab 0-7c). 

3. The constriction did not affect his central vision which is the sole source of sharp visual acuity. 
Central vision is the type of vision an individual would use to attempt specific recognition of an 
object, such as an aircraft. He was not qualified for flying class n duties lAW AFR 160-43 due to 
abnormal visual fields in his right eye. He was able to see all the instruments and lights in the F
ISC. This defect appeared to have no impact on the mishap. 

~-~ 
CHRISTOPHER J. LISANTI 
MAI, USAF, MC, FS 
Accident Board Flight Surgeon 

I 



• 
TECHNICAL REPORT 
MEDICAL ATCH #4 

CREW REST- TIME IN ZULU 
CONTROL WITNESSES 2 • 26 

. ... 

Control Witness# Left Work-13 APR Asl~i!:l3 APR Awl:!ke.:l4 APR 
2 No work 1800 0130 
3 0530 1800 0200 
4 1330 2000 0100-0200 
5 No work 1900 0230 
6 1230 1800 0230 
7 0815 1900 0200 
8 No work 1830 0100 
9 0900 1730 unknown 
10 1530 1800 0220 
11 0900 1730 0240 
12 1200 1700 0200 
l3 0900 unknown unknown 
14 1200 2000 0130 
15 0800 1630 0230 
16 0900 1830 0200 
17 0830 1800 0200 
18 0900 1930 0220 
19 0700 1700 0230 
20 No work 1900 0230 
21 0900 1900 0230 
22 No work 1900 0230 
23 1330 1900 0230 
24 0900 unknown unknown 
25 1230 2100 0330 
26 0800 2030 0330 

• 
Dulj!-14 APR 

0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0310 
0420 
0420 
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Control Witness # 
2 
3 
4 
s 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 

• 

-'"'"··-

TECHNICAL REPORT 
MEDICAL ATCH #S 

. ... 

DATES OF PHYSICAL 
EXAMINATIONS AND SPECIMENS 

• 

Date ofPhysical 
21APR 
21APR 
24APR 
21APR 
21APR 
24APR 
24APR 
19APR 
l9APR 
20APR 
19APR 
19APR 
20APR 
21APR 

Date ofBiood/Urine Specimen 
17 APR 

21 APR 
20APR 
20APR 
24APR 
24APR 
21APR 
24APR 
19APR 
20APR 
18APR 
18APR 

17APR 
17APR 
17APR 
17 APR 
17 APR 
17 APR 
17 APR 
l4APR 
17 APR 
17 APR 
17 APR 
17 APR 
17 APR 
17 APR 
17 APR 
17 APR 
17 APR 
17 APR 
17 APR 
17 APR 
17 APR 
14APR 
14APR 
14APR 

/ "f) 



• 
TECHNICAL REPORT 
MEDICAL ATCH #6 

TDYTIME 

• 
1. The psychosocial interviews revealed TDY periods of four or more months in the previous 12 
month period in the foUowing individuals: 

Control Witness 4: four months 
Control Witness 6: 180 days 
Control Witness II: 45% in last 12 months 
Control Witness 12: 500/o in last 12 months 
Control Witness 14: Little less than 5 months 
Control Witness 15: 200 days 
Control Witness 18: 120 days 
Control Witness 21: 4-5 months 

. 2. Although there were negative comments about the frequency ofTDY s, no one noted current 
marital difficulties, mental or physical problems relating to the TDY s. 

3. Several weapons directors also noted that the TOYs tended to lessen their skiUs particularly 
the drug interdiction TOYs. 

4. This finding did not impact their mental or physical weU-being. 

~~ 
CHRISTOPHER I. LISANTI 
MAJ, USAF, MC, FS 
Accident Board Flight Surgeon 



• 
TECHNICAL REPORT 

MEDICAL ATCH 7 

.... • 
1. Urine toxicological screen for drugs on Control Witness 06 (AWACS-pilot) performed by the 
Armed Forces Institute of Pathology was positive for promethazine (anti-nausea agent). Control 
Witness 06 had no difficulties with gastrointestinal problems until after 14 April 1994. He was 
hospitalized two days after 14 Aprill994 and given this medication at that time by a physician. 
The remainder of his drug screen was negative. 

2. This finding did not impact this accident. 

cY~~ 
~;HER J. LISANTI 
MAJ, USAF, MC, FS 
Accident Board Flight Surgeon 



• 
TECHNICAL REPORT 

MEDICAL ATCH 8 

. .. • 
1. Urine toxicological screen for drugs on Control Witness 12 (staff weapons director) perfonned 
by the Anned Forces Institute of Pathology was positive for pseudoephedrine (decongestant) and 
chlorpheniramine (antihistamine). Control Witness 12 discontinued taking these medications at 
least two days prior to 14 April 1994. He denied taking any medication after he was returned to 
flying status at that time. The remainder of his drug screen was negative. 

2. This finding did not impact this accident. 

CHRISTOPHER J. LISANTI 
MAJ, USAF, MC, FS 
Accident Board Flight Surgeon 

I 



• 
TECHNICAL REPORT 

MEDICALATCH 119 

CIRCADIAN RHYTHM 

. ... • 
1. Psychosocial interviews and 72-hour and 14-day histories revealed low grade circadian 
rhythm desynchrony in all AWACS crewmembers except the staff mission crew 
cormnander, staff weapons director, air surveillance officer, computer technician and the 
ACE. No individual complained of fatigue or any ill effects on the morning of the 14 April 
1994 flight. 

2. With the exception of the individuals noted above, the crew departed Oklahoma City, 
Oklahoma on 10 April 94 at 1300Z (0800 local) and arrived in lncirlik AB, Turkey on 11 
April94 at 1100Z (1400 local). 

3. The International Civil Aviation Organization formula for recommended crew rest due 
to circadian rhythm desynchrony is found on the subsequent pages of this attachment 
(pages III-37-39). Using 8 time zones between Incirlik, Turkey and Oklahoma City, 
Oklahoma and the above takeoff and landing times, the calculations for this crew result in 
1. 8 days of rest time. 

"' ' -- '___.-:;> 

~-2J~ 
CHRISTOPHER J. LISANTI 
MAJ, USAF, MC, FS 
Accident Board Flight Surgeon 
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• . I 12 I. Do no

1
t
1 1nsomn1a. Nappu>g w1 

more difficult. 

..... • 
nap if you 1 re <. ~rienc 
just make sleeping later 

(131 Separate sleeping and studying/ 
reading areas. You will have difficulty falling 
asleep if you study;read near your bed, or you may 
have difficulty staying alert wl1en you're trying to 
s~·Jdy/read. 

!14) Consider ear plugs. 

(15) Takr a h•lt bath about 2 hrs before 
retiring. Sleep occurs and deepens as body temper
ature falls. 

!16) When al'l else fails, try warm 
milk 1 

3. Circadian rhythm ("jet lag fatigue") 

Perhaps the most obvlouo contributor to 
stress In the new travel style is the circadian 
dysrhythmia that lands the aircraft crewmember; 
traveler in a different diurnal time from which he 
departed. 

Data suggest that psychO)Qglc and physlo
loqic effects may be temporar1ly serious for an 
individual immediately involved in siqnif!cant 
decisions before becoming adjusted to a time zone 
change. Psychological adjustment occurs fa1 rly 
rapidly, but physiologic (unctions, including the 
sleep;awake cycle, digestion of food, body tempera
ture, pulse rate, kidney function, hormone levels, 
alertness, and fatigue operate according to "circa
dian rhythm" associated with usual day-night cycle. 
An appreciable rest period is required for the 
traveler to readjust his rhythms to several days• 
residence in a new time zone 4 or more hours from 
his previous time zone. 

There is great individual variability in 
the effects of time zone changes and in one's speed 
of adjustment, especially ln the sleep;owake cycle. 
The young odjust more uslly, older individuals 
more slowly. All activities during the initial 
period of overseas rephasing should be paced delib
erately so that stresses are kept to a minimum. 

The single most essential requirement is 
to obtain carefully planned sleep and rest during 
the first 24 hrs. Meanwhile, decision-making is 
impaired and travelers unaware of this phenomenon 
may make errors of judgment. An eastword daytime 
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to £~.ope should be followed by ~ good 

'night's sleep before scheduled activities. An 
eastward nighttime flight calls for a morning nap, 
a leisurely afternoon, and early to bed that night. 

·· Conversely, goinq from east to west, the 
traveler literally :aces the sun across the sky and 
arrives at his destination with local time much the 
same as the time of departu~e. The many hours of 
elapsed time ~a~e a long day: early retirement and 
a long sleep are essential. If the traveler !.5 
rt-:tur::ing to home base of ::ustomary residence, 
whether moving to the eas: or especially to the 
·..,est, the resynchr~nization is usually more rapid 
but still requires a rest ~eriod. 

The International Civil Aviation Organiza
tion ( !CA.O) has e·,..':)lved a ':~avel-time formula to 
help ensure that ::istu:-tar.~e in circadian :hythm 
neither works a ha:dship ~o: ~mpairs cerebral func
tion on trips to distant places. Enlightened poli
cies of this type are being adopted by the manage
ment of progressive organ1zations and corporations, 
ensuring optimum e:'ficien::y on the part of their 
traveling represer.~ative. 7he i~mediate and long
:ange benefits to ~he ?aren~ organization may not 
be apparent at firs~. but they !"!.ave a sound b).olog
ical basis. The benefit to ~he traveler, in ~erms 
of lessening fatigue, of the use of formulas such 
as that used by t!"le !CAO is obvious. The ICAO 
formula is as follows: 

Rest period in tenths of days 

+ Time zones in excess of 4 + 

Travel time (hrs) 
2 

Departure time coef:icient (local time) + 

Arrival time coeffi:::ent (local :~~e) 

The departure (OT~; and a:rival :.me coefficients 
(ATC) are given in :he following :able. 

?eriod fhour 1 

0800-1159 
1200-1759 
!800-2159 
2200-0059 
0100-0800 

l 
] 

4 
] 

.~.rc 

4 
2 
0 
l 
3 

The inc:eased wei?~t gi·.,en the later hours for 
deoartures helps c~=pensate for the effects of 
lo~s o: s~ee·p. Also, the high ATC for the period 
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0800-1159 helps compensate for d1sruptions experi
enced during early morning flights plus the effect 
of arriving at the beginning of a workday ~ithout 
sufficient rephaslnq of the circad1an r:\ythms. The 
amount of pha.&e difttrencc is accuuntcd for in tilt! 
formula by the term ''time zones in excess of 4." 
Iri applying the formula, the following rules are 
observed by ICAO. 

a. The va.lut' obtained for rest period, in 
tenths of days, is to be rounded to the nearest 
higher half-day. Rest stops that add up to less 
than a day before rounding will not be scheduled 
unless the journey involves an overnight flight on 
tni&t:don travel. 

b. nTtavtl time, 
number of houcs of elapsed 
journey, rounded o! f to the 

in hours'' means 
timt: required tor 
nearest hour. 

the 
the 

c .. "Time zones'' are computed in increments 
of 15 degrees ot longitude f...rom-Greenwich, 

d. 1'Departure time'' and ''arrival timeu are 
local times. 

4. tlutrlti.Q!" 

Oood nutrition is essential for continued 
effective duty performance. The fS can serve as a 
source of information and include nutrition topi~s 
in periodic discussions with flyers. Diet guide
lines are available in the references listed below. 

a. Several fofm\Jlas are available for cal
culating a balanced diet: !The following calcula
tion examples use 1~0 lbs as ideal weight sample.) 

{I) To calculate basic caloric re-
quirements, toke adeal weight and multiply by 10, 
adjusting for agu and activities. 

1~0 x 10 • 1500 cal;day 

12) Carbohydrates: To prevent ketonu
ria, a minimum of I gm /lb of body weight is re
quired. 

!SO gm CIIO;day x 4 cal/gm • 
600 caljday as CliO 
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MEDICAL STATEMENT 
UH-60 BLACKHAWK. CREWMEMBERS 

BLACKHAWK. ACCIDENT, 14 APRIL 1994 

• 
For each of the individuals listed below, I conducted a review of the medical and dental 
records and found that all individuals had current flying class physicals and all were 
qualified for flying duties. All were on chloroquine for malaria prophylaxis without 
difficulties. 

The Armed Forces Institute of Pathology conducted autopsies on all individuals and found 
no pre-existing disease. "Submarining" injuries were found in all crewmembers and 
passengers indicating that all were in seat belts upon impact. Toxicologic screens for 
drugs and alcohol were performed and all were negative. 

Interviews with associates were conducted to obtain psychosocial background and 72 
hour histories (Atch I for crew rest). 

I saw no evidence of compromising pre-existent mental or physical defect from review of 
records, autopsy reports and toxicologic results. 

I' ' .... -~ . ---~ "' 
' (' . .-c..\ . . ---:::: ::::::. o-Y .. 

CHRISTOPHER J LISANTI 
MAJ, USAF, MC, FS 
Accident Board Flight Surgeon 



• . .. • 
AIR CREW REST -BLACKHAWK HELICOPTERS 

TIME IS IN ZULU 

Name Left work Asleeg-13 APR Awoke-14 APR Dut)'-14 APR 
13 APR 

McKenna, Patrick M. Unknown Unknown Unknown 0315 
Hall, Michael A. No work Unknown Unknown 0315 
Garrett, John W., Jr. 1415 1830 Unknown 0315 
Mounsey, Erik S 1430 Unknown Unknown 0315 
Bass, Cornelius A. 1530 Unknown 0200 0315 
Colbert, Jeffrey C. 1500 1830 0230 0315 
Ellner, Mark A. 1500 Unknown 0215 0315 
Robinson, Michael S. 1530 Unknown 0200 0315 



• 
TAB 0-7 

MEDICAL REPORTS 

0-7a Medical Summaries on Aircrews 

0-7b Optometry Consultation, Control Witness 25 

0-7c Ophthalmology Consultation, Control Witness 25 

• 

0-73 

0-7!, 
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()£PARTIIEJIT Of THE AIR FORCE 

UNITED STATES AIR FORCES II £UROPE 

IEKORAIDUft FOR: Individuals Concerned 

FROft: 39 BG/SGHO lBajor Gentilaanl 

!..-... SUBJECT: Su•aary of Eye Exaa ._,. 

• 
16 ftay 1994 

1. An eye examination was perfor•ed on on 24 April 1994. 
A suaaary of the findings are as follows: 

Vision: 20120 1n each eye at twenty feet and sixteen inches 
Dominant Eye: Left Eye 
External Exam: Pupils vere equal in diameter, round and react1v~ to bo~h 
l1ght anc focusing effort; There was no Marcus Gunn pupil (slgnlfles nc 
disease oi the opt1c nervel; There vas a slight droop ~o the r1ght eyel1d 
covering the top 1 """ of the pupil 1n du. illum1nation, the pup1l was 
not involved in normal illum1nat1on; full range of motion tc both eyes 
represe~ting normal eye muscle iunct1on; depth percept1on wa~ to 40 s~: 
ot arc Yhlch vas the max1mum on thls test; cole: vision by ps~edo1scchromatic 
plat~s tstandard m~lltary testJ was n~rma! 1~ both eyes: phcr:as Cre~~~se~t 
balance of the tvc eyes togethe~: was no~ffial hc:~zontally anc vert1ca:ly; 
Amsler Grid was nor".al ( 11easur1ng c:entral v1sual held) 
Subjec:t1ve Refract1on: No presc:r1pt1on nec:essary to acb1eve 2012! 
Slit La•p Evaluatlon: EyPs were quiet and wh1te. Very slight 1rritation 
to the c:ornea infer1orly in both eyes whic:h does not interfere v1th 
visior. or comfort 
Visual Field (Humphries 246 point full f1eld testl; Some superior
tempera: t1eld reduct1on c:orresponding to the eyelid droop in th~ 
right eye and the left eye had a sllght extreme superior field reduction 
correspond1ng to a min1mal l1d lag 1n the left eye. Overall considered 
unremarkable. Central !1eld clear without restriction or blind spots 
Ophthal•oscopy: lthrough dilated pupil) retina flat·to the ora serrata 
without holes or tears; Cup disc ratio .1 horizontally and vertically; 
arteriole/vein ratio 213; the fovea and qedia were clear 

Impression: normal ocular health/vision; mild lid droop secondary 
to aging changes of the skin around the eye (right eye slightly more 
than the leftl. Visual field changes not signiflcant since the v~sual 
field teet is done in d1mmer than average illumination. No superior loss 
was noted or expected in normal or daylight illumination. 

2. Questions may be directed to me a 

/ 
I 

676-6159. 

MARK F. QE~TILMAN, Major, USAF, ES: 
-'!<' C •. ,+ •• < w;"'lw'il "")..i;" Chief, Optometry Services 

C/~C:~ 
-; 
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CHRONOLOGICAL RECORD OF MEDICAL CARE 

39 TACG HOSPITAL {i.!SAFE) 

CERTIFICATE 
I certify that I am the Records Custocllan for the Accident Investigation Board : 
convened to investigate the crash of two U.S. Army Black Hawk helicopte~ in the no 1 

fly zone in northern Iraq on 14 April 1994, and that this is a true and accurate copy of , 
the record which is kept in my records system. / ""1'1!1'===' 

;.. -· "1./J. 
1/ ~ 9 !I WILLI A.\! L HARRIS, Capt, USAF, MSC 

Date7 Evidence Custodian, Incirlik Air Base, Turkey 

IS00-108 
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TAB0·7 

MEDICAL REPORTS 

0. 7a Medical Summaries on Aircrews 

0. 7b Optometry Consultation, Control Witness 25 

0.7c Ophthalmology Consultation, Control Witness 25 
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MEMORANDUM FOR RECORD 

To whom it may concern: 

... • 
I examined Control Witness #25 on 5 May 1994 who had the following 

ophthalmic examination findings: 

His history was significant only for Ehlers-Danlos Syndrome. No other eye 
history was elicited. 

On ocular exam, 
Vision was 20/20 or better in each eye 
Pupils and motility were normal 
Anterior segment exam revealed only prominent brow ptosis 
Funduscopic exam was normal 

His exam boiled down to his prominent brow ptosis, or drooping, which caused a 
significant superior visual field defect when tested. His central vision in the same eye 
was perfectly normal (actually better), but any object (or part of an object) greater tl14'!5 e.9Z 
degrees above the horizontal would be occluded from view. This would only be 
significant if he was only using that eye, since his other eye is perfectly normal in both 
central vision and visual field. 

My impression is that this condition should not adversely hamper his normal 
vision, as long as both eyes are being used to view an object. There may, however, be 
some loss of depth perception if the object is only being viewed by the normal eye; but 
recognition of an object should not be hampered. 

~~/~£__ 
~~SON 

1AJ, USAF, MC 
Ophthalmologist 

CERTIFICATE 
1 certifY that I a.rn the Reconis Custodian for the Acr.:ident ln~tigati~ Board 
convened to investigate the crash of two U.S. A.rmy Black Hawk hehcoptm m \he no 
fly zone in northern Iraq on 14 April 1994, nnd that this is a true and atr.urate copY of 
the record which is kept in my records system~ 1 . ~ 

f./-. 7/ 
}<j ]11, • <;tt W!LUA.\1 L HARRIS, Capt, USAF, MSC 

Date.?'" . Evidence Custodian. Incirlik Air Base, Turkey 
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NSN 7540-CQ-634-4127 

MEDICAL RECORD I CONSULTATION SHEET 
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TECHNICAL REPORT 
HUMAN FACTORS VISION EVALUATION 

• 
17 May 94 

AIRCRAFT EVALUATED: Two UH-60 Black Hawk helicopters, serial numbers 88-
26060 and 87-2600, and two F-15C fighter aircraft. serial numbers 79-0025 and 84-
0025. 

INCIDENT DATE: 14 Apr 94 

I. INTRODUCTION: The purpose of this evaluation was to provide information 
concerning the physical and psychophysiological factors that Influenced the vislbiUty 
of the two UH-60 Black Hawk helicopters preceding the accident. 

IL BACKGROUND: The accident involved the crash of two US Army Black Hawk 
helicopters. serial numbers 88-26060 and 87-26000, and the possible involvement of 
US F-15C fighter aircraft, serial numbers 79-0025 and 84-0025, and a US AWACS. 
aircraft serial number 77-0351. in the crash of these helicopters in the northern "no fly 
zone" of Iraq on 14 April 1994. 

Ill. EVALUATION: This evaluation included: a) determining the visual angles of the 
Black Hawk aircraft and their US flag marker features and a Red Cross given three 
different flight geometries; b) determining the range of possible apparent contrasts of 
the Black Hawk aircraft against the northern Iraq terrain; c) predicting whether the 
Black Hawk aircraft and/or their Red Cross and US flag markers were above 
identification threshold given the different flight geometries and the visual acuities of 
the two F -15 fighter pilots; d) discussing the potential visual impact of wearing USAF
Issued sun visors, and high-contrast "shooters" visors; and e) discussing the potential 
visual Impact of optical distortions in aircraft canopy and visor material. The details of 
each of these components of our evaluation are specified In and listed as different 
subsections. 

A. General Accident Human Factors Vision Information: 

The following human factors vision information was given to us by the 
Accident Board to conduct our evaluations. The lead F-15C fighter aircraft is referred 
to as Fighter-! (F-1), the tralllng F-ISC fighter aircraft Is referred to as Fighter-2 (F-2). 
The UH-60 helicopters are referred as lead Black Hawk (BH-L) and tra111ng Black Hawk 
{BH-T). 

Accident date and time; 14 Apr 94, 1130 hrs 

I .I 
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Environmental Conditions: Clear sky. no haze, 18,228-meter v!slblllty. l05 1ux sun 
illuminance 
Description of Terrain: 

2463-ft MSL valley ridge within mountalnous region (5-7-mile separation) 
Green terrain with gray rocks (reflectance not specifled, estimated to range 

between 7.6-10%) 
Black Hawk Information: 

Fuselage length= 50-ft. 7.5-in 
-with main blades= 64-ft, 10.0-in 

Fuselage width= 9-ft, 8.0-in 
-with ESSS (auxiliary wing tank sponsons) = 20-ft, 2.0-in 

Main rotor blade diameter = 53-ft, 8.0-in 
Black/olive drab infrared suppressive paint (7 .5% mean reflectance) 
ApprOXimate Altitude = < 300 - 500-ft AGL (200-ft AGL used for calculations) 
Approximate Ground Speed = 130 knots 
US Flag Marker Information: 

Located on cabin door and auxiliary wing tank 
OVerall dimensions = 3-ft by 1-ft. 10-in 
Blue portion dtmensions = 1.5-ft by 1-ft 

Star diameter = JI/B.tn 
Distance between stars = 25/B.in 
5 rows of 6 stars and four rows of five stars in an offset pattern 
Blue paint mean reflectance = 5.9% 

Stripe dtmenslons = 3-ft by 1. 75-in 
13 alternating red and white stripes 
Red paint mean reflectance = 32.2% 
White paint mean reflectance" 92.1% 

Red Cross Marker Information: 
Located on the belly (1). top (1). nose (1), and doors (2) 
Dtmensions = 22-in by 22-ln white field 
Red stripe dtmenslons = 18-!n by 6-in 
White paint mean reflectance = 92.1% 
Red paint reflectance = 32.2% 

F-15C Flghter Aircraft Information: 
Estimated ground speed = 450 knots 
F-1 Aircraft Geometry (see Atch 1, Figure 1): 

Altitude above Black Hawk = 500-ft (F-1) 
Horizontal separation from Black Hawk= 1000-ft (F-1) 
Slant ranges= 1118-ft (F-1) 
Slant angle= 26.5• (F-1) 

F-2 Aircraft Geometry #2 (see Atch 1. Figure 2): 
Altitude above Black Hawk " 300-ft 
Horizontal separation from Black Hawk= 1500-ft 

F-2 Aircraft Geometry #3 (see Atch l. Figure 3) 
Altitude above Black Hawk= 500-ft 
Horizontal separation from Black Hawk= 2000-ft 

F-15C Fighter PUot Information 
F·l Pilot: 

Corrected visual acuity = 20 ;2o·2 
Wearing USAF-Issued aviator prescription spectacles for myopic 

astigmatism 
Wearing USAF-issued hlgh·conttast "shooters" visor 

F-2 Pilot: 

2 



• -. -

Uncorrected Visual acuity = 20/20 
Wearing USAF-Issued neutral gray (15%) sun Visor 

Other lnfonnatlon 

. ... • 
F -1 first realized that a moving dot target on his radar target designator (TD) box 

was an aircraft at about 7 nautical mlles out. He could not Visually see the 
aircraft because of hls distance and the green terrain. 

At about 5 nautical miles out, F-1 "picked up" the rotary blades of the target In 
his TD box and knew it was a helicopter. F-1 passes BH·L at about 500-ft 
higher altitude and approximately I 000-ft horizontal separation to his rtght. 
He is traveling approximately 450 knots and has about 5·1 0-s total Visual 
identification time. He initially approaches BH-L by descending down with 
BH·L In the front of his canopy. and then he passes him from BH-L's left side 
and high, so that BH-L moved off to the r1ght side of his canopy and F-1 
Viewed him from his r1ght side. 

F -1 said the color of the helicopters was green camouflage and that they were 
camouflaged well against the green background. He indicated that the 
helicopter was darker than the terrain. 

BH-Twas Initially detected by F·l as what he thought was a shadow ofBH·L. but 
saw that it was another aircraft after he looked again. 

Neither F-1 nor F-2 saw any identification markings on either helicopter. He sald 
he did see sponsons on BH-L and that he saw ordinance on the sponsons. 
although he had only a partial view of the ordinance. 

This was the lnltlal US fighter aircraft fly-by of this Iraqi air zone. The air zone 
the Black Hawk hel!copters were flying In at the time of the incident had not 
been preViously brtefed nor preViously "sanitized" by a US aircraft fly-by 
(SOP). 

F-1 pulled away from BH·L to avoid a perceived threat of a possible attack by a 
Hind helicopter. 

BH·T aircraft was first detected by F-2 as a shadow, but he finally Visually picked 
up both helicopters at low altitude In an echelon left fonnatlon. F-2 passed 
BH·T on the south side approximately 1500-2000-ft laterally and high. and 
saw a dark camouflaged body. sloping wings with external stores, and no fin 
flashes or markings. F-2 pulled up to avoid a flight path conflict with the lead 
hellcopter and never got a good look at BH-L. 

F-2 said BH-Ts shadow was fairly defined. He said the helicopter had a dark 
camouflage body, a fairly blunt nose. and sponson that came down. He said 
he saw external stores on the sponsons. He said the helicopter had high 
engines and that the tall came back and then slanted (about 45°) coming 
back up. F-2 said he did not see any markings at all on the helicopter. F-2 
said that neither Visibility nor sun angle was a factor on his ldentlflcations. 

Both F-1 and F-2 said that the two helicopters appeared to be Hind aircraft. 

B. VIsual Angle Detennlnations: 

From the Information glven.to us In Section ll!.A.. we used standard physics 
and geometrical optics to detennlne the details of the flight geometries ofF-1 and F-2, 
as well as to calculate the Visual angles of the different helicopter features for F-1 and 
F-2. The following equations were used for these determinations: 

Slant range = [(aititude)2 + (horizontal separation)2]'1/2 ( 1) 

Slant angle= arctan[( altitude)+ (horizontal separation)] (2) 
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Visual angle (9) = arctan[(aircraft dimension)+ (slant range)] (3) 

See Atch 1 for the results of the aircraft geometzy and visual angle calculations. 
Figures 1 schematically displays the aircraft geometzy for F-1. and Figure 2 and Figure 
3 show the two different aircraft geometries for F-2. The physical dimensions for these 
aircraft geometries are also calculated In each respective figure. Table 1 of Atch I 
gives the visual angles of the Black Hawk aircraft and Its US and Red Cross flag 
marker features for the F-1 and F-2 aircraft slant ranges. In addition. Table 1 of Atch 1 
also gives the distances for F-1 and F-2 at which features "'Ould subtend critical visual 
angles for target detection (I.e., I can tell something Is there), target recognition (I.e .. I 
can tell it Is a certain shape). and target Identification (I.e .. I can tell it Is a US or Red 
Cross flag). For the visual angles calculated In Table 1 of Atch 1. we assumed that the 
projected angle of the target Is perpendicular to the line of sight. The actual projected 
;1sual angles are based on the slant viewing angle and the orientation of the sighted 
aircraft. The visual values given In Table 1 or Atch 1 are the largest possible values for 
the viewing distances and fllght geometries. 

Visual resolution for an Individual with 20/20 ;1sual acuity v!e\\1ng static, 
hi(lh-contrast (~ 0.90) targets (e.g .. black letters on a white background) Is generally 
held to be a visual angle of 1.0 arc-min. However. some reports Indicate that for Initial 
detection of negative-contrast targets (e.g., a Black Hawk that appears darker than the 
terrain), a minimum angular size of approximately 2.0 arc-min Is required. For 
example, Moms. Temme. and Hamilton 1 found that for high-contrast spot targets 
under high Illumination, a mlnlnlum angular size of just under 2.0 arc-min is required 
for threshold detection. Similarly, Hamilton and Monaco2 found that a target angular 
size of 1.8 arc-min was required, on average, for operational "tallyho" detection by 
pilots when the target projected area and the expected slant range were taken Into 
account. The VIDEM model3 of human target detection predicts that for a 13.6% 
contrast target. a mlnlnlum target angular subtense of 2.0 arc-min Is required for 
threshold detection. 

Based on this Information. we conclude that target sizes of approximately 2 
arc-min are required for Initial target "tally ho" detection, and target angular sizes of 1 
arc-min are required for detection of target features after the lnltlal target "tally ho" 
detection has occurred. Larger target sizes are required for target recognition and 
target Identification. The Johnson criterla4 lndicates that the minimum target sizes for 
recognition must be approximately four times larger than those required for target 
detection, and approximately six times larger for target identification. The Johnson 
crtterla was based static target viewing. Dynamic visual environments (such as the 
visual environment of this Incident). visual clutter within the scene, workload. and 
other factors may Increase the scaling factors for target recognition and target 

'Morris, A, Temme, LA, & Hamilton, P. 1988. What's wrong with the aviator's sun visor? Report of the 
28th Meeting of ASCC Working Pany 61 Aerospace Medical Life Support Systems, volume IV. 
Pensacola, fl..: Naval Aerospace Medical Research Laboratory. 

2Hamilton, PV & Monaco, W A. Air-to-air target detection by Navy pilots during ACM training. Naval 
Aviation News, 1987. 

3 Akerman, A & Hammil, H. 1986. Camouflage Handbook (AFW AL-TR-86·1028). Wright-Patterson 
AFB, Ohio. Avionics Laboratory. 

4 Johnson, J. Analysis of image forming systems. Image Intensifier Symposium, (pp. 249-273), Fort 
Belvoir, Virginia, 1958. 
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Identification significantly over those used for the Johnson crtterta.s Using the 
Johnson crtterta. and assuming the best case visual scenario (I.e., static, high-contrast 
targets). If a 1.0 arc-min target angular dimension Is required for detection after the 
Initial target "tallyho," a 4.0 arc-min target size will be required to recognize the target 
shape or target type (e.g., the target is a rectangle or the target Is a flag), and a 6.0 arc
min target angular dimension will be required to ldenti.fY the target (e.g., the target is a 
US flag). However, to identi.fY a flag marker as a US flag, the observer must be able to 
detect the detail patterns of the star field and alternating red and white stripe. 
Therefore. for the US flag marker to be Identifiable, these features must be larger than 
1.0 arc-min at the different slant ranges. Similarly, the red cross Within the white field 
of the Red Cross marker must also be resolvable (i.e., larger than 1.0 arc-min) for the 
Red Cross marker to be Identifiable. 

However, visual acuity Is highly dependent on target contrast.6 The 1.0· 
and 4.0-arc-mln angular sizes required for target detection and recognition, 
respectively, are for an observer v1rith 20/20 visual acuity vieWing relatively high
contrast targets. Medium· and low-contrast acuity is generally lower than high· 
contrast acuity. We recently determined the average acuity of six subjects, who met 
the visual requirements of a Flying Class II physical examination (per AFR 160-43), for 
targets of three different contrast levels. 7 We found their average acuities to be 20/13 
for 96% contrast targets, 20/18 for 11% contrast targets, and 20/40 for 4% contrast 
targets. All of our six subjects had corrected visual acuities of 20/20 or better. 
Therefore, using the 1.0- and 4.0-arc-mln minimum target angular sizes to predict 
target detection and recognition thresholds. respectively. Is only truly valid for those 
targets which have high contrast. This same point Is also true for the 1.0 arc-min 
detection threshold crtterton. 

Using the spectral reflectances of the paints used for the Black Hawk 
hellcopters (aircraft green #340311 and the US flag and Red Cross markers, we 
calculated the Weber contrasts8 of the different flag marker paint colors against the IR 
suppressive green Black Hawk paint, as well as the Michelson contrast9 of the red and 
white strtpes Within the US flag marker (Table B·l). These contrast calculations were 
made for the paints alone. as well as for the paints after transmission through the 
USAF-issued high-contrast "shooters" visor. For these contrast calculations, we used 
the average luminances of the different paints under the different vieWing conditions 
(no visor and high-contrast "shooters" visor). The average luminances were calculated 
by first determining, as a function of wavelength, the luminance of the paint between 
400· 700 nm. and then calculating the mean luminance over these visible wavelengths. 

. As Indicated In Table B-1, With the exception of the Weber contrast of -0.10 
calculated for the blue paint against the Black Hawk IR suppressive green palm, all of 
the contrasts calculated for the different paint combinations are relatively high. Using 

sManin, Task, Woodruff, & Pinkus. (1976) Element density and percent active area design requirements 
for liquid crystal displays (AFAMRL-TR-75-235). Wright-Patterson AFB, Ohio: Armstrong 
Medical Research Laboratory. 

6Wilson, HR. Psychophysical models of spatial vision and hyperacuity. In: D. Regan (Ed.): Vjsjon and 
Vi:;ual Dysfunction: vol. 10. Spatial Vjsjon. 1991: Boca Raton, Florida, CRC Press. 

7Thomas, SR, McLin Jr, LN, Garcia, P, LaPage, C, & Apsey, DA. Optical characteristics and visual 
consequences of laser eye protection. Optom & Vision Sci (Suppl), 1993:70, 98. 

BWeber contrast- [(Target Luminance· Background Luminance)+ Background Luminance) 
9Michelson contrast - [(Maximum Luminance -Minimum Luminance)+ (Maximum Luminance + 

Minimum Luminance)] 
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the 1.0 arc-min resolution cr!telia for targets of these contrasts levels Is not grossly 
inappropliate. Therefore. using the 1.0-. 4.0-, and 6.0-arc-min clitelia visual angles 
for predicting whether a US flag marker or a Red Cross marker on the Black Hawk 
helicopters were detectable, recognizable, and Identifiable, respectively, are not 
inappropriate provided that the effects of other factors inherent to the incident that 
can reduce visual ability are also taken into account. The three cliter!a minimum 
visual angles we are using for our predictions were also determined based on an 
additional assumption of static target viewing, whtch was not the case for the F-1 and 
F-2 pilots during their mission. The dynamic components of the actual visual scene 
Will also affect target detection, recognition. and identification. The ability to detect 
high-spatial frequency targets (Le .. fine spatial detail) generally declines as the 
temporal frequency of the target increases. 10 In summaty, all of our subsequent 
predictions about target yisib!llty. whtch are based on the calculations In Table 1 of 
Atch I . likely represent the best case visual scenalio, since the dynamic aspects of the 
>isual scene have not been taken into account. 

Table B-1. Mean Luminances and Contrasts of Flag Marker Features 

Blue 

Red 

White 

No Visor 
Luminance 

2142.8 

10242.2 

29295.2 

No Visor Shooters Visor 
Contrast Luminance 

-0.10 833.2 

3.29 7923.5 

11.28 12019.0 

Michelson Contrast of Red and White Strtpes: 

No Visor = 0.48 

Shooters Visor = 0.21 

All luminance values given in cd;m2 

Shooters Visor 
Contrast 

-0.65 

2.32 

4.04 

Given these clitelia and their assumptions. the visual angle Information In 
Table 1 of Atch I can be used to predict. for those targets having relatively htgh 
contrasts, whether F-1 and F-2 could detect. recogniZe. and identifY the different 
marker features on the Black Hawk helicopters. at their calculated slant ranges. In 
addition, we can predict the range at whtch F-1 or F-2 would have had to have been 
from the Black Hawk helicopters for the different marker features to have subtended 
the minimum cliterta siZes for target detection, recognition. and Identification rrable l. 
Atch 1). Calculations for a Red Cross marker on a Black Hawk helicopter were also 
made. at request. for compalisons With the calculations for the US flag marker. even 
though Red Cross markers were not on the actual Black Hawk helicopters In the 
incident. 

In Table 1 of Atch 1. all of the visual angles that are smaller than 1.0 arc
min are likely to not be discernible to the F-15C pilots at thetr different respective 
distances. For F-1 at the 1118 slant range, the outer dimensions of the US flag and 

IOWi!son, HR. Psychophysical models of spatial vision and hyperacuity. In: D. Regan (Ed.): Vjsjon and 
Vjsual Dysfunction: vol. 10 Slllltia! Yisjon. 1991: Boca Raton, Florida, CRC Press. 
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the Red Cross markers are greater than the 4 arc-min value required for target 
recognition. Therefore. we predict that ifF ·1 was able to acquire the US flag and Red 
Cross markers, he would have been able to recognize their outer border shapes. To 
IdentifY the US flag marker. F·l would have to be able to detect either the star field 
and/ or the width of the alternating red and white stripes within the flag. Therefore, 
the angular subtense of the stars and/or the Individual red and white stripe widths 
would have to be 1.0 arc-min or larger. Table 1 of Atch I indicates that the angular 
dimensions calculated for these features at the 1118-ft slant range were well below 1.0 
arc-min detection threshold value, and, therefore, were not detectable. Because F-2 
was further away from the US flag marker than F·l, we would also predict that he 
could not IdentifY the US flag marker. In fact. we calculated that an observer would 
have to be 501.3-ft from the US flag marker for the width of the stripes to subtend I 
arc-min, and. thus. be detectable. For both F-2 111ght geometries, both sides of the US 
flag marker were determined to be above target detection threshold, and at least one 
side was large enough to be above the 4.0 arc-min target recognition threshold. These 
calculations assume that the view of the US flag Is perpendicular to the observer. The 
calculated distances to achieve different target visual angles will Increase depending 
on the look-down angle between the observer and the flag target. 

The outer boundary of the. Red Cross marker was square shaped. The sides 
of the square was the same slze as the shorter side of the US flag marker. We 
calculated that the visual angles of the sides of the outer boundary were below the 4· 
arc-min slze required for target recognition by F-1 and F-2. For F-2 In flight geometry 
#3, this slze was below target recognition threshold. We calculated that the white field 
portions of the Red Cross marker would be large enough for target identification target 
recognition at a range of 1575.6 ft. We also calculated that the observer would have to 
be no further than 1718.9 ft from the target for the width of the red bar within the 
white field to be above detection threshold (1 arc-min). Thus, F·l and F-2 would not 
be able to IdentifY the Red Cross marker beyond a range of I 718.9 ft. In addition, we 
calculated that at 859.4 ft from the Red Cross marker. the width of the red bar within 
the white field would subtend 2 arc-min. The arms of the cross would sub tend 6.0 
arc-min, so the cross would llkely be Identifiable. 

Calculations were also done to predict the amount of time the US flag and Red 
Cross markers' horizontal dtmensions would subtend 4 arc-min crtterta sizes required 
for target recognition (Table B-2). For these calculations. we assumed the fighter 
aircraft was approaching the Black Hawk helicopter from behind at a speed of 450 
knots. The Black Hawk was assumed to be travellng In the same direction as the 
fighter at a speed of 130 knots. The 111ght paths of the fighter and the Black Hawk 
were assumed to be parallel. The times 1n Table B-2 are given for the F-1 and F-2 
slant ranges when the fighter Is abeam to the Black Hawk. The flag dimensions were 
adjusted based on the viewing geometry. The maximum horizontal size (max-hor·slze) 
is the slze of the horizontal dimensions of the flag. In arc-min. when the two aircraft 
are abeam. The vertical dimensions (vert-dim) of the flag that correspond to each max· 
hor·slze are also given 1n arc-min 1n Table B-2. The vert-dim sizes were also adjusted 
for the aircraft viewing geometry. The times associated with the flag dtmensions 
represent the amount of time that these dimensions subtended the visual angles 
identified In Table B-2. From these data, one can appreciate the amount of time tn 
which F·l and F-2 were capable of potentially recognlzing the outer boundary of the 
flag markers given their 111ght geometries and airspeed. 
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Table B-2. Estimated Time Specific Flag Marker Visual Angles Were Observed 

Slant range Max-hor-slze 4Arc-m!n 6Arc-mln Vert-dim 

1118 ft 9.2 arc-min 5 sec 2.5 sec > 3 arc-min 
1529 ft 6.7 arc-min 4 sec 2 sec > 3 arc-min 
2061 ft 5.0 arc-min 3.5 sec 0 sec > 2.7 arc-min 

The times calculated above will be reduced 1f the criteria visual.angJe sizes are .Increased, 

c. Apparent Contrast Determination. 

One of the most Important factors that influence target detection and 
identification is the target apparent contrast. II In real-world environments, the 
apparent contrast of the target against the background. which accounts for the loss In 
target and background contrast from atmospheric scatter. must be determined prior to 
predicting whether a target can be detected or Identified. To determine the apparent 
contrast (C.,) of a low-altitude aircraft being viewed against a terrain background from 
above (by a low-altitude aircraft). the following equation should be used: l2 

co= ct { 1 - K[1 - e3.912 Rtvl}-l 

Where: C1 =Target-background Weber contrast 
K = Sky-ground luminance ratio 
R = Slant range 
V = Vlslblllty along the slant range 

(4) 

This apparent contrast equation Is only valid In this viewing scen~o when the slant 
range and the visibility along the slant range are known. 

Using Equation 4, we calculated the range of probable Black Hawk apparent 
contrasts for the different aircraft slant ranges specified for F-1 and F-2 (Atch 1). The 
target (i.e .. Black Hawk) and background (I.e., terrain) luminances were determined 
using the following equations: 

Black Hawk luminance = rpalnt X (Esun + 1t) 

Where: S,a!nt = Reflectance of the Black Hawk palnt (7 .5%) 
Esun =Illuminance of the sun13 

Terrain luminance = rterraln X !E8un + lt) 

Where: fterraln =Reflectance of the terrain [7.6%- lOo/o) 
Esun = Illuminance of the sun 

(5) 

(6) 

ll Akerman, A & Hammi1, H. 1986. Camouflage Handbook (AFW AL-TR-86-1 028). Wright-Patterson 
AFB, Ohio: Avionics Laboratory. 

12 Akerman, A & Hammil, H. 1986. Camouflage Handbook (AFW AL-TR-86-1028). Wright-Patterson 
AFB, Ohio: Avionics Laboratory. 

13 This value was calculated to be 3.18 X 104 cd/m2 
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The reflectance of the Black Hawk paint was given to us by the Accident Board. 
The reflectance values used for the terrain were selected because they 
represented real-world reflectances measured for green terrains, 14 which would 
also give negative apparent contrast values. Testimony from both F-1 and F-2 
Indicated that the helicopters appeared to be darker than the green terrain. even 
though they were well camouflaged. These statements Indicate that the Black 
Hawk helicopters had a negative apparent contrast against the northern Iraqi 
mountainous terrain over which they were flying. The sun illuminance value [In 
lux) was also taken from the Camoujlage Handbook. 13 to be a good estimate of 
sun Illuminance during a clear April day at 1130 hours. 

The range of Black Hawk apparent contrasts rrable C-1) varied 
significantly for the different aircraft slant ranges. The exact apparent contrast of 
the Black Hawk cannot be accurately determined unless the actual reflectance of 
actual terrain over which the Black Hawk helicopters were flying Is known. In 
general. the greater the slant range of the fighter aircraft from the Black Hawk, 
the lower the possible Black Hawk apparent contrasts. However, there Is 
considerable overlap In the ranges of possible Black Hawk apparent contrasts for 
the three different aircraft slant ranges. 

Table C-1. Range of Possible Black Hawk Apparent Contrasts 
as a Function of Slant Range 

Terrain Reflectance 
Slant rang~ 7.6% 8.0% ~ ~ 

1118 ft -0.009 -0.045 -0.085 -0.121 

1529.7 ft -0.009 -0.041 -0.077 -0.109 

2061.6 ft -0.008 -0.036 -0.068 -0.097 

10% 

-0.181 

-0.164 

-0.145 

Contrast values can be transformed into percent contrast values by multiplying the values by 100. 

The VIDEM modeJ13 is one method by which the detectabillty of a 
target can be predicted from Its visual angle and apparent contrasts. From the 
VIDEM model. targets subtendlng the visual angles calculated for the Black 
Hawk aircraft and its marker features would have to have apparent contrasts of 
at least± 0.034 to be detected. In general, the smaller the visual angle 
subtended by the target. the greater the apparent contrast threshold. For target 
!dentlflcatlon, either the visual angle of the target or the apparent contrast of the 
target against the background would have to be increased above the respective 
threshold for target detection. As previously mentioned, the visual angle of the 
target would have to be Increased by a factor of at least six for target 
Identlflcation.l5 The VIDEM model assumes that the target Is viewed against a 

14Akerman, A & Hanunil, H. 1986. Camouflage Handbook (AFW AL-'IR-86-1 028). Wright-Patterson 
AFB, Ohio: Avionics Laboratory. 

15 Johnson, J. Analysis of image forming systems. Image Intensifier Symposium, (pp. 249-273), Fort 
Belvoir, Virginia, 1958. 
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homogeneous background (e.g .. clear sky). as opposed to a structurally rich 
terrain background (mountain valley with sparse foliage). Spatial masking by 
spatial frequencies contained withtn the terrain (!.e .• clutter) could potentially 
Increase the target detection and Identification thresholds above that predtcted 
by the VIDEM model16 or the Johnson crlterla.l4 

D. Effects of VIsor and Canopy Materials. 

With the exception of magnification optics. optical materials between 
the observer's eye and the target generally tend to reduce target and background 
luminance to some extent. If the optical material absorbs \1slble wavelengths of 
light by approximately the same amount. such as the USAF-issued (15%) sun 
Visor. the optical material would not be expected to affect the apparent contrast 
of the target, proVided that the Visor did not contain significant amounts of haze 
or scratches. Visor materials containing significant amounts of haze or scratches 
could reduce the contrast of a target. The mllltary standard for alrcrew Visor haze 
Is 2% or less. In case of the USAF -Issued sun Visor, the target and background 
luminances would be reduced by approximately 85o/o. 

If the optical material selectively absorbs visible wavelengths of light. 
both the luminance and the apparent contrast of the target could be affected. 
The apparent contrast of the target against the background would be affected If 
the target and/or the background reflected wavelengths ofvtslble light that were 
absorbed by different amounts by the selecti,•e absorption optical material. In 
addition. selective absorption filters (e.g .• Blue-blockers sunglasses) can also 
alter the color appearance of objects.I2,17,1B 

The USAF-Issued high-contrast "shooters" \1SOr selectively absorbs 
Visible wavelengths of light between 400 - 520 nanometers (nm). and. therefore. 
could affect both the luminance and color contrasts, as well as the color 
appearance of targets and backgrounds that reflect short Visible wavelengths of 
light. Blue target detection would be most affected by high-contrast Visor use. 
For the US flag markers on the Black Hawk helicopter, the blue portion of the 
flag was displayed against the IR suppressive green aircraft paint background. 
As shown In Table B-1. the effect of the high-contrast Visor was to Increase the 
negative contrast of the blue paint against the green paint background from -0.10 
to -0.65. Although the negative contrast was Increased. the appearance of the 
blue portion of the flag marker would likely be a darker black square on a black 
background. It is likely that this portion of the flag would have been poorly 
Visible. If Visible at all, had It been acquired by F-1, who was wearing the high
contrast "shooters" Visor. In addttion. Table B-1 shows that the Michelson 
contrast of the red and white stripes In the US flag marker Is reduced from 48% 
to 21% after transmission through the high-contrast Visor. This reduction In 
contrast could affect target detection at larger slant ranges. 

The effects of yellow lenses, such as the high-contrast \1sor, has been 
evaluated Jn the field and In the laboratory. The results of these studies, In 

16 Wilson, HR. Psychophysical models of spatial vision and hyperacuity. In: D. Regan (Ed.): Yilli1ll 
and Visual Dysfunction: yoL 10, Spatial vision. 1991: Boca Raton, Florida, CRC Press. 

17 Kuyk, TK & Thomas, SR. Effect of short wavelength absorbing filters on Farnsworth-Munsell HJQ. 
Hue test and hue identification task performance. Optom & Vis Sci, 1990:67. 522-531. 

18 Hovis, JK, Lovasik, N, Cullen, AP. & Kothe. AC. Physical characteristics and perceptual effects of 
"blue-blocking" lenses. Optom & Vis Sci, 1989:66,682-689. 
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terms of the visual benefits of the yellow lenses, conflict with subjective reports. 
Many pilots think the high-contrast visor reduces haze and Improves contrast, 
and Is of benefit during alr-to-alr mlsslons.19 However. color alterations Induced 
by the high-contrast vtsor have been cited as a decrement for Its use during air
to-ground misslons. 19 Laboratory and field investigations fall to validate these 
subJective reports of the benefits of yellow lenses for target acquisition, but they 
do report color vision abnormalities when yellow lenses are worn. For example. 
Kislln20 found no calculable advantage In detecting defoliated native tree leaves 
with colored lenses. A field study examining the effects of yellow lenses of the 
ability of F-4 pilots (flying at high speed and low-altitude) at Identifying "real
world" targets found no difference In performance when the yellow lenses were 
used. 2! A more thorough review of the consequences of wearing yellow filters on 
visual performance can be found elsewhere.n 

The F-15 canopy also absorbs some visible llght. The pholnplc 
luminous transmittance of F-15 canopy Is approximately 80%. Thus, the 
canopy. as well as the visors, reduce the target luminance. In addition. haze In 
the aircraft canopy. as well as Its general physical conditions (I.e .. scratchiness) 
can also affect target luminance and apparent contrast. Haze in F-Ill and F-16 
aircraft polycarbonate canopy material have been found to reduced target 
contrast by as much 76o/o, 23 depending on the sun elevation angle. Reductions 
of between 0 - 76% would lower many of the possible Black Hawk apparent 
contrast values given in Table C-1 to below target detection threshold (as 
predicted by the VIDEM model). 

Many of the effects of visors and canopy materials on visual 
performance can be summariZed by the follOwing quote from a section from the 
Camouflage Handbook (paragraph beginning on the bottom of page 1.1-23): 

"Optical aids. such as binoculars and telescopes, may either a!d or handicap an 
observer. These aids often are detrimental to search. because they restrtct the area 
that can be searched at one glance. However. they may be useful for detection under a 
llml!ed range of adverse viewing cond!tlons. Also. magnlfylng optlcal aJds may be 
useful for idenUftcauon. once a target has been located. Other optical materials 
interposed between the observer and the atrcraft w!ll, usually, handicap hls capacity to 
detect or idenwy an a.ltCra.ft, either due to brtghtness Joss and/or coJot' shift caused by 
the transmtsston characteristics of the material or due to distortion caused by the 
optical quality of the material. Special colored ftlters--for example, yellow lllters--for 
"breaking" camouflage schemes have been found not to Improve detection in the field, 
probably due to these factors." 

19Minutes of the Visual Enhancement and Eye Protection (VEEP) Integrated Product Team Meeting. 
USAF Armstrong Laboratory, Brooks AFB. Texas, 9-10 April1994. 

lOKjsJin, B. (1968). The use of yellow lenses in Air Force operations (SAM-TR-68-93). Brooks AFB, 
Texas: School of Aerospace Medicine. 

21 Provines, W, Rahe, A, Block, M, Pena, T, & Tredici, T. (1982). Yellow ophthalmic filters in the visual 
acquisition of aircraft (SAM-TR-83-46). Brooks AFB, Texas, School of Aerospace Medicine. 

'"Minutes of the Visual Enhancement and Eye Protection (VEEP) Integrated Product Team Meeting. 
USAF Armstrong Laboratory, Brooks AFB, Texas, 9·10 April1994. 

23 Task, HL & Genco, LV. (1985). The measurement of aircraft windscreen haze and its effect on visual 
perfonnance (AFAMRL-TR-85.016). Ohio: Wright-Patterson AFB, Air Force Aerospace Medical 
Research Laboratory. · 
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In addition, reflections from visor and/or canopy material could also serve as a 
source of veiling glare, which would also lower target apparent contrast and affect 
detection or Identification threshold. 

Finally. optical distortions In alrcrew visor or aircraft canopy materials 
can also reduce target detection and Identification. The military standard for 
alrcrew visor materials Is given In Atch 2. Whether the optical distortion within 
an aircrew visor meets military standards Is based on a purely subjective 
evaluation of whether the visor optical distortion grating patterns are more 
similar to the "acceptable" or the "unacceptable" military standard patterns. 
Optical distortion of visor or canopy material Is not given as an objective number 
value, and to our knowledge, the effects of varying amounts of optical distortion 
In these materials on visual performance has not been systematically studied. A 
more objective measure of alrcrew visor and canopy optical distortion, which Is 
correlated to visual performance capabilities. Is needed for the military standard. 

E. Other Factors that Influence Target Detection and Identification. 

There are several other factors besides visual angle and apparent 
contrast that can Influence the target detection and identification capabilities of 
an observer. The Impact of several of these factors are discussed In an excerpt of 
the Camouflage Handbook.24 For example, the 450-knot ground speed of the 
fighter aircraft will add a temporal component to the visual scene that will 
Influence target detection. As previously mentioned, adding a temporal 
component to the target can reduce the detection and Identification thresholds of 
high-spatial frequency (I.e., small visual angle) targets. 

For target detection, recognition, and Identification, the fovea of the 
retina must be used for optimal visual performance. The more eccentric the 
portion of the visual field of which the target Is viewed, the lower the visual 
resolution ability of the observer. Visual acuities, such as 20/20 visual acuity, 
are typically only representative of foveal vision, which corresponds to the center 
of the visual field. Visual acuity drops dramatically as fixation shifts from the 
fovea. If F-1 and F-2 had to rely on peripheral viewing for their recognition or 
Identification of the helicopters or their marker features. their visual performance 
capabtllties would be lower than that expected when foveal viewing was used. 
The magnitude of these potential effects Is Impossible to predict without knowing 
which portion of their visual field was used and for which types of visual tasks. 

In addition. the features of a friend or foe aircraft of which the pilots 
were trained to make Identifications will also Influence how the targets are 
Identified. To accurately predict the range at which a Black Hawk aircraft can be 
Identified, one would need to determine the visual angles of these Identification 
features and the contrasts at which they remain above ldentlftcatlon threshold. 
The probability of making erroneous target Identifications, In general. Increases If 
the apparent contrast Is low, the projected visual angle Is obtuse, and/or the 
target presentation time Is short. 

F-2 Indicated that he first detected BH-T from a fairly detailed shadow 
of the aircraft on the ground. and from that shadow he predicted BH-T to be 
flying lower than 500-ft AGL. F-1 estimated the altitude ofBH-L and BH-Tto be 

24Akennan, A & Hammll, H. 1986. Camouflage Handbook (AFW AL-TR-86-1028). Wright-Patterson 
AFB, Ohio: Avionics Laboratory. 
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no greater than 300-ft AGL. For the calculations In Atch 1, we estimated the 
altitude of the Black Hawk helicopters to be approximately 200-ft AGL. The 
Camouflage Handbook13 lists minimum altitudes for avoidance of shadows on the 
ground by a "typical" helicopter. For a sun elevation of 70°, the minimum 
altitude is 1300 ft. The shadows cast from an altitude of 200ft may have helped 
the F-15C pilots In detecting the Black Hawk helicopters, but It Is unlikely that 
the shadow patterns could have aided their ablllty to correctly IdentifY the 
helicopters as being Black Hawks. 

The expectation set of the F-15C pilots at the time of the target 
Identification could also Influence their visual perceptions. For example, If the 
Black Hawk helicopters were flying In an area where they were not expected to 
be. the F-15C p!lots' visual perception of them may have been biased by their 
expectations of the types of aircraft they would likely encounter In that area. The 
Information brtefed to the F -15C pilots prior to their mission, as well as their 
expertences on previous missions. could also Influence their visual perceptions. 
Finally, the workload of the F-15C pilots at the time of their Initial detection. 
recognition, and ldentiflcatlon of the Black Hawk helicopters could also Influence 
their visual abilities. If the F-15C pilots were busy performing aertal maneuvers. 
their visual attention could have been reduced, thereby potentially lowering their 
overall '1sual abilities. 
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IV. DETERMINATION: 

A. Visual Detection and Identification of Black Hawk Aircraft and US Flag 
Markers: 

1. . THESE PREDICTIONS ARE BASED ON THE CALCULATIONS IN 
ATCH 1, AND THEY ARE ONLY VALID FOR THE CONDITIONS AND 
ASSUMPTIONS ON WHICH THE CALCULATIONS ARE BASED (SPECIFIED IN 
ATCH 1 AND SECTION m.B). The predictions are based on the assumptions 
that the helicopters and thetr marker features must subtend crttical visual angle 
sizes for target detection (1.0 arc-min). recognition (4 arc-min). and Identification 
(6.0 arc-min or 1 arc-min for identifying features Within the target) to occur. The 
crttical target angular sizes were based on visual resolution abilities of an 
Individual with 20/20 vision viewing static. high-contrast targets. The dynamics 
of the actual visual scene, visual clutter Within the actual scene. workload. and 
other factors can result tn significantly larger critical visual angle sizes (and 
therefore smaller vieWing ranges) to be required for target detection, recognition. 
and/ or Identification. Flight testing Is required to obtain better predictions of 
target detection and identification under conditions similar to those present 
durtng the actual Incident. 

2. US Flag Marker 

a. For F-1 at a 1118-ft slant range, the angular subtense of the 
outer boundartes of the US flag marker were calculated to be above our detection 
and recognition threshold visual angle sizes. To identify the flag marker as a US 
flag. we predict that either the star field of the flag and/or the stripes of the flag 
must be Identifiable. Therefore. the angular subtense of either the star field on 
the flag and/ or of the Width of the Individual red and white stripes In the flag 
must exceed the 1.0 arc-min threshold for target detection. We calculated that 
the angular subtense of the stars and the stripe Widths were Q.29 arc-min and 
0.45 arc-min. respectively. which Indicates these features were below detection 
threshold (1 arc-min). From these calculations and their associated assumptions 
(Atch 1). we predict that had F-1 acquired the US flag marker on the helicopters, 
he would have been able to recognize it as being rectangular In shape. but he 
would have very likely not been able to identify it as being a US flag. 

b. F-1 's use of the high-contrast v:lsor could have affected his 
visual abilities by reducing the luminance and contrast of the scene and altering 
Its color appearance. 

c. For F-2 at the 1529.7-ft slant range (geometry #2), we 
calculated the angular subtense of the boundartes of the US flag marker to be 
greater than that required for target detection and target recognition threshold. 
The angular sizes of the stars and stripe widths Within the flag were far below the 
1.0 arc-min threshold required for their resolution. Therefore, we predict from 
these calculations and their assumptions that If F-2 had acquired the US flag 
marker on the helicopters at the 1529.7-ft slant range, he would have been able 
to recognize the shape as being rectangular, but It Is doubtful he would have 
been able to resolve enough detail Within the flag to identify It as being a US flag 
marker. 

d. For F-2 at the 2061.6-ft slant range. the angular subtense 
calculated for the boundartes of the US flag marker were greater than that 
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required for target detection. Only the angular subtense of the longer portion of 
the flag boundary was large enough to exceed the 4.0 arc-min slze required for 
target recognition. The stars and stripe width slzes calculated at this slant range 
were far below detection threshold. From these calculations and their associated 
assumptions. we predict that If F-2 had acquired the US flag marker on the 
helicopter at the 2061 .6-ft slant range, It Is likely that he could have detected 
something on the helicopter. but It Is questionable If he could have recognlzed Its 
shape or !den tilled It as a US flag. 

e. Because the USAF sun Visor reduces target luminance by 
approximately 85%. use of this Visor by F-2 could have affected his target 
detection. recognition. and identiflcation abilities. However, unlike the USAF 
high-contrast ;isor. we do not predict that the sun Visor would have altered the 
color appearance of the US flag marker. 

f. It Is questionable whether the colors of the US flag marker could 
have aided F-1 or F-2 In their ldentiflcation at the slant ranges on which the 
calculations were hased. For very small Visual targets (I.e., < 0.5•). detection Is 
medicated by a wavelength additive mechanlsm which has similar spectral 
sensitivity as the achromatic luminance mechanlsm.25 It is likely that the US 
flag marker would have appeared desaturated at these slant ranges, or that the 
colors within the flag marker would have been poorly distinguishable. 

3. Red Cross Marker. 

a. The sides of a Red Cross marker were the same slze as the 
shorter side of the US flag marker. Therefore, from the angular subtense 
calculations discussed in section IV .A.l.. we predict that the F • 1 could have 
detected and recognlzed the shape of a Red Cross flag marker if he had acquired 
the target durtng his visual search. F-2 could have also recognlzed the shape of 
a Red Cross flag marker at the 1529.7-ft slant range. but not at the 2061.6-ft 
slant range. At the longer slant range, we predict that F-2 would have only been 
able to detect the presence of an unresolvable marker on the helicopter. 

b. In addition. we predicted that F-1 would have been able to 
recognize the white field sections of a Red Cross marker because they would have 
been larger than the 4-arc-mln slze at the 1118-ft slant range. F-2 could have 
also recognlzed the white field In a Red Cross marker at the 1529.7-ft slant 
range, but not at the 2061.6·ft slant range. 

c. The width of a red cross on a Red Cross flag marker was 
calculated to be large enough to exceed detection threshold (I.e., 1 arc-min) at 
approximately 1718.9 ft. This Indicates that F-1 could have detected the width of 
a red cross had he acquired the target. F·2 could have also detected this feature 
at the 1529.7-ft slant range had it been acquired. In addition. we predict that the 
width of a red cross bars would have subtended 2 arc-min at a range of 859.4 ft. 
F-1 and F-2 could have probably identi!led a red cross at 859.4 ft. 

25-Jbomas, SR. (1989). Spatiotemporal properties of peripheral color mechanisms. PhD Dissertation. 
University of Alabama at Birmingham, Birmingham, Alabama. 
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3. Black Hawk Outline 

a. The angular subtense calculated for the area of the Black Hawk 
helicopters at the three different slant ranges exceeded the size required for 
target identlftcation. However. unlike the flag markers, our estimate of the 
apparent contrast of the Black Hawk aircraft can not be accurately predicted 
from the information provided. According to the VIDEM model. an apparent 
contrast of± 0.034 is required for target detection. Either larger angular sizes or 
larger apparent contrasts wtll be required to recognize and correctly Identify the 
helicopters. The range of possible Black Hawk contrasts extended from -0.009 to 
-0.145% for the different slant ranges. The± 0.034 apparent contrast minimum 
value falls within the range of possible Black Hawk apparent contrasts for visual 
detection at all three aircraft slant ranges. Without knowing the actual 
reflectance of the terrain, we cannot accurately calculate the apparent contrast of 
the Black Hawk helicopters. and, therefore, we cannot predict whether sufficient 
contrast was present for target recognition and identlftcation. In addition, we do 
not know what features F-1 and F-2 were trained to use to identify the 
helicopters as being Black Hawks. although from their testimonies. they did 
believe that they saw several features that the were trained to use to identity 
Hind helicopters. Because a variety of other factors could Influence the 
perception of the helicopters. we cannot make any predictions about the visib!llty 
of the Black Hawk aircraft other than that they were above detection threshold 
and that their color was correctly Identified as betng green by F -1. 

B. Effects of USAF-Issued Visor Use 

1. The use of the USAF sun and high-contrast visors could potentially 
reduce the target detection and Identification abilities of the USAF F-15C pilots. 
The actual impact of the use of these visors Is dependent on the actual apparent 
contrast of the Black Hawk helicopters. Empirlcal field tests are the best method 
to determine the magnitude of these effects. 

2. The effects of the high-contrast visor on visibility are likely to be 
greater than those of the sun visor. because the high-contrast visor has a greater 
potential to reduce the apparent luminance and color contrast of the Black Hawk 
helicopters and their marker features. as well as alter the color appearance of the 
visual scene. In addition, the ab!llty to detect and/ or Identify the blue portion of 
the US flag marker on the Black Hawk helicopters could have been adversely 
affected by the use of the high-contrast visor. Empirical field testing Is the best 
method of evaluating the magnitude of these potential effects. 

C. Other Factors. 

1. The psychological state of the F -15C pilots could have Influenced 
their visual perception of the Black Hawk helicopters. The Information on which 
they were briefed prior to the mission, their previous experience flying over this 
area, and thetr expectations of what aircraft they would encounter tn this area all 
could have Influenced their perceptions. 

2. If F-1 and F-2 had to rely on peripheral vision to assist them In 
recognizing and/or ldentltying the helicopters. their visual abilities would have 
been slgnlflcantly less than those described for foveal (I.e .. center of the visual 
field) vision. For optimal target detection, recognition, and ldentlllcation 
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performance, foveal vision must be used. The magnitude of the reduction In 
vision resulting from eccentric viewing cannot be predicted without knowing 
which portion of the visual field was used and for which types of visual tasks. 

3. The visual resolution values used for these predictions assume 
relatively high-contrast, static targets are viewed. The dynamic component of the 
actual visual scene could definitely affect the visual abilities of F-1 and F-2. For 
small, high spatial frequency targets, the effect of adding the temporal 
component to the visual scene could have reduced the F-15C pllots' visual 
ab!llties. In addition, spatial masking bY the spatial frequency components 
(clutter) v.ithln the terrain could also raise the required thresholds for target 
recognition and Identification. 

4. The features which the F-15C pilots were trained to use to Identify 
a Black Hawk helicopter and a Hind helicopter could have lnftuenced their visual 
Identifications. In addition, the actual projected angle shape of the helicopter 
and helicopter marker Images could have lnfiuenced their Identifications. 

~ (0\ fl f!Z.~·-, (}, 
£7oN N. MCLIN, JR, ~. us.td]sc 
Technical Specialist 
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ATIACHMENr 1 

Visual Angle and Aircraft Geometry Calculations 

18 



• -},, __ 
Table 1 

Geometry 1 (See diagram In Attachment 1, Figure 1) 
Note lhilll tne anou1ar SUbliH'IM values am the largest PQ$sible to: the viewing dis.tartC<! given. 
Ptotee1ed angle, based on slam viewing at~gle and orientation o! argh!ed am::rah, will be smatter 
than the giv&n values wt'lictl usume the Sighted aircra1t is perpendi<:ular lo the line ol sight 

DiaVrrc.• •nd •ngl .. 
500 n above 6H (700 n AGL) 
1000 tt horizonlal to BH 
slant range... 1118.03 f'l: ot 
alant angle • 26.57 degreu 

tl•a •lu 
shaft aide "' 1 ft. 10 in o.s.e m 
long side ... 3 II 0.91 m 

340.78 meters. 

area• 5.50 O.til m"2 

angular sub1ense 
5.63 arc-mii"l 
S.22 arc-min 

51.91 are-min"'2 
0.45 are-mm 
0.29 arc-min 

lltt1?U• 1.75 in 0.04 m 
a tars• L125 in 0.03 m 

Geometry 2 (See diagram In Attachment 1, Figure 2) 

Di•tanc.a and •ngt .. 
300 fl atxwe BH 
1500 tt hon.t:on!a! to BH 
a.lani 1ange.. 15.29.71 tt Of 

~! angle .. 11.31 degrees 

ttag •lz• 
ahort side .. 
long side .. 
area
atnpes• 

angUlar s!J!)tef\Si! 
4.11 arc-min 
6.14 arc-min 
3, 76 4lirc·rnin"2 
0.33 are-mm 

stars.- 0.21 atc·mln 
S1t~s. of llso a·l!' factor of 0.73 smaller than F·1. 

466.25 meters 

Geometry 3 (See diagram In Attachment 1, Figure 3) 

DieUnc .. 1nd engfn 
500ft abo~ BH 
2000 ft tlonzontal to BH 
aiant range • 2061.55 r: or 
alan! angle .. 1 ~. 04 degrees 

flag •lu 
sl\orl a1da .. 
tong aocte .. ..... 
stripes. 
&tars-

angular subtensl!' 
3.05 arc-min 
5.00 are·m1n 
2.79 .are.mw'2 
0.24 are·min 
0.16 are-min 

Dimensions of the Black Hawk 
A"'ge 
Bladl Hawk dmoos100s 
F~leng!h 

Fus$8Qe w«:!!h wrth ESSS 
FUH~age ne;ght 

teet 
so tt 7.5 if\ 
20 fl 2 if\ 
9' t1 5 in 

EIWmatea ar~a 
5idt view 
plan View 
flOl'lt VI6W 

290.00 fl"2 
290.00 fl 11 2 
100.00 11 11 2 

Contrast Ulrts.hotd ~ 

626.36 meters 

1118 " motets arc-rrun 
15A3 155.56 
6.15 62.00 
2.87 28.95 

etpha112• 31598.410 arc..min112 
alphall2• 37598.40 arc-min"2 
atpha112• 12964.96 are-min112 
aide \1!tW 0.034 
plan VIew 0.034 

!font view 0.034 
Many laboralory expenment$ are based on detection of ci;Wial' disks, 
Alphe 1s 1he ruameter ol a disk (II equiValent area to ~nat ~ly project«$ by the Dircratl. 
Note: Alpha .. 68'1.5.6/slant rang~"(proj~ed are&fPl)"'.S 
Contrast lhreahold .. 0.0334 • 0.409/alpha"2 

• 

1529.7 ft 2061 tl 
~min arc-mm 
113.73 84.410 
45.32 33.63 
2Ll5 15.70 

20084.61 are-min"2 1021.91 arc-mir"2 
200S4.&1 arc~min 11 2 1027.91 arc-min"2 

6925.73 arc-min 112 354.45 arc--min"2 
0.034 0.034 
0.034 0.034 
0.034 0.035 



• 
U.S. flag 
DlaUinca for horizontal dlm.naion of U.S. flag to aubtand: 

2.00 min..arc 5156.62 It Stripe width 
4.00 min-arc 2578.31 II 
5.00 min-arc 2062.65 It 
6.00 min-arc 1718.87 ft 

Dl.tanca tor atripa width to aubtend: 

Table 1 _ ........... 
0.10 arc--min 
0.19 arc-min 
0.24 arc-min 
0.29 arc-min 

0.50 min-arc 
1.00 mm-arc 

1002.68 This assumes perpend10Jlar viewing of the fLag. The distance will be increased, depending on the look down angle. 
501.34 

Red Cross 
dlm.naiona 
bar widlh 6.00 in 
bar length 1&.00 in 
white field 22.00 m square 
Distance for the white field to aubtand 

2.00 arc-min 3151.27 II 
4. 0 0 arc-min 
5.00 arc-min 
6. o o arc-min 

Dlatanca tor bar width 
1.00 arc-mm 
2.00 arc-min 

•• 

1575.63 II 
1260.51 It 
1050.42 It 

aubtand 
1718.87 fl 

859.44 II 

• 
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• Attachment 1 

Below are schematics, based on the information you gave us, for 
geometries of the F-15 fighter aircraft relative to the Black Hawks. The Black 
Hawks were 200 feet AGL. Figure 1 shows the geometry when fighter-1 (F-1) 
was abeam with the lead Black Hawk (BH-L). The Black Hawk, flying at 
approximately 130 knots, is facing the same direction as F-1, who was flying at 
450 knots. Figures 2 and 3 are for the two additional fighter geometries we 
received for F-2 relative to the trail Black Hawk (BH-T). F-2 and BH-T are 
abeam, and traveling in the same direction. 

F-1 

500ft. 

1000 ft. 

Figure 1. F-1 is at a slant range of 1118 feet from BH-L and the look down angle 
is 26.5 degrees. 

1500 ft 

Figure 2. F-2 is at a slant range of 1529 feet from BH-T, and the look down 
angle is 11.3 degrees. 

Page 1 
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• Attachment 1 

F-2 

14.0 deg 

2000 ft 

Figure 3. F-2 is at a slant range of 2061 feet from BH-T, and the look down 
angle is 14.0 degrees. 

Dimensions of the U.S. flags. 

From the dimensions you gave us for the flags on the door of BH (3 ft x 1 
ft, 10 in), we calculate the maximum dimension of the flag to be 5.62 arc-minx 
9.22 arc-min when viewed from F-1 in Figure 1. The stripes on the flag would 
have a width of 0.45 arc-min, based on a size of 1.75 inches. The stars on the 
flag would have a size of 0.29 arc-min based on a size of 1.125 inches. This is 
small enough that the stripes and stars of the flag would probably not be 
visible, and the flags would most likely be below identification threshold. 
Compare this to the 1 arc-min detail of the critical features of a 20/20 Snellen 
acuity letter. These dimensions would be significantly smaller for different 
angular views of the aircraft. If the helicopter was flying straight and level, 
looking down from F-1 at a slant angle of 26.5 degrees would reduce the 
vertical dimension of the door flag by the cosine of 26.5 degrees to a size of 5.03 
arc-min. The curvature of the flag on the fuel tank might further reduce the 
visible vertical dimension of the flag. The overall dimension of a 20/20 letter 
is 5 arc-min. If the Black Hawk was approached from behind, it is highly 
possible that the flags were below threshold for identification and detection. 
The dimensions of the flag and angular sizes at different distances are also 
listed in Table 1. 

In Figure 2 the horizontal dimensions of the flag would be reduced by a 
factor of 0.73 for the 1529.7 ft slant range compared to the dimensions of the 
BH-L viewed from F-1. Stripes would have a maximum width of 0.33 arc-min 
and the stars would have a maximum dimension of 0.21 arc-min. 

For a slant range of 2061.6 ft, Figure 3 shows the dimensions of the flag 
would be reduced by a factor of 0.54 compared to the dimensions in Figure 1. 
For the geometries of figures 2 and 3, with low slant angles, the BH is being 
viewed more from the side, and the vertical dimension of the flag is not as 
reduced as for a higher slant angle. For the stripes to subtend 1 arc-min, the 
fighter would have to view the stripes perpendicularly from a range of 501 ft. 
For the stars to subtend 1 arc-min, the viewing range would have to be 322 ft. 
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• -. ............ 

Dimensions of the Black Hawk 

_ ... ~ 
Attachment 1 --~ 

Based on the dimensions of the Black Hawk, the fuselage length of 50 ft, 
7.5 in would subtend 155.6 arc-min from a viewing distance of 1118 ft, the 
fuselage width with ESSS of 20ft, 2 in, would subtend 62.0 arc-min, and the 
fuselage height of 9 ft, 5 in would subtend 29.0 arc-min. For objects of 
moderate contrast, they would have been easily visible. 

We estimated, using the profiles of Black Hawks in TM 55-1520-237-10, 
areas from a side or plan view to be 290 ft2 ,and 100 ft2from the front view. At 
1118 ft, the plan or side angular area would be 3.76 E+04 arc-min2, and the 
front angular area would be 1.30E+04 arc-min2. The VIDEM model and other 
aircraft detection models are based on the diameter (u) of a disk equivalent in 
area to the area that is actually projected by the aircraft. For VIDEM, for 
foveal viewing the contrast threshold (CT) of th~ {arget is given by: 

CT = 0.0334 + 0.409 I u2 

Therefore, the Blackhawk contrast threshold is not elevated significantly for 
short ranges of the geometries we specifically examined (estimated contrast 
thresholds at the 3 slant ranges are shown in table I). Threshold is predicted 
to be 3.34%. CT is elevated using this equation only when the projected 
angular size is much smaller. For example, using VIDEM, at 3 nautical miles, 
estimated alpha is 3.6 arc-min for a side view of the helicopter, and the 
contrast threshold is predicted to be 6.5%. 
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ATTACHMENT 2 

Military Specification Requirements for Alrcrew Visor Optical Distortion 

19 



Figure 7. 

ACCEPTABLE 

2 .. -- .... 3 

4 5 

UNACCEPTABLE 

6 7 

fl 9 

Examples of accepta.ble (1-5) and unaccepta.ble (6-9) shearing interferometric 
optical distortion patterns as stated in MIL-V-43511C. 
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TECHNICAL REPORT 

US ARMY UH-60 CRASH SITES 

I. Introduction: The purpose of this report is to describe the physical characteristics of the crash 
sites of two US Army Black Hawk helicopters; and to describe the dynamics of each crash by 
wreckage analysis. 

II. Background: The accident involved two U.S. Army UH-60 helicopters flying at contour flight 
altitudes, and in a staggered trail left formation. Both helicopters impacted in the mountainous 
terrain of Northern Iraq after being hit by air-to-air missiles. Eagle 02, the trail helicopter, was 
struck first, followed by Eagle 01. The helicopters crashed 1.2 nautical miles apart (diagram 1). 

III. Evaluation and Determination: 

CRASH SITE #1 UH 60 Serial #87-26000 

(1) Eagle 02 crash site description (71 nautical miles southeast of Zakhu, coordinates 
North 36 degrees, 46 minutes, II seconds, East 044 degrees, 05 minutes, 33 seconds). 

(a) The crash occurred on the floor of a valley that runs northwest to southeast and is 
approximately 2,000 feet wide at the point of impact Mountains skirting the valley average 4000 
feet in height. A trail (road) constructed of rock and mud skirts the southern side of the valley 
floor and intersects a paved road 1 112 miles north west of the accident site. 

(b) The helicopter impacted a terraced portion of the valley floor which was 
cultivated. The terrace is constructed of rock and approximately five feet high. No trees were 
located at the point of impact. 

(2) Flight Path Wreckage Distribution 

(a) Eagle 02 was proceeding along a valley on a heading of between 100 and 120 
degrees, with mountainous terrain on either side. Preliminary on site examination of the airspeed 
indicator, that was found in the wreckage, revealed that the airspeed at the time of impact was 
approximately 72 knots per hour. The airspeed indicator has been sent to Corpus Christi Army 
Depot for further teardown analysis. Using eye witness information as to where the helicopter 
was seen and location/elevation data obtained from a Global Positioning System (GPS), the flight 
altitude was determined to be approximately 122 feet Above Ground Level (N:JL) at the time of 
missile impact. The helicopter entered a right yaw that eventually corrected back to a heading of 
approximately I 00 degrees, and caught fire. The angle of impact was computed to be 
approximately eight degrees (diagram 2). 
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(b) The distribution of wreckage started 1,320 feet from where the helicopter struck 

the ground, and was scattered along the side of a ridge parallel to the route of flight (diagram 3, 
4), The scatter pattern began at !50 feet above the floor of the valley, descended down the face 
of the ridge as the helicopter descended, and continued along the valley floor until the helicopter 
impacted the ground. 

(c) The first piece of wreckage found was chaff out of the chaff dispenser located on 
the left side of the tail boom just aft of the tail boom attachment points, station 520 (diagram 5, 
line 1 ). A significant number of pieces ofPlexiglass from a cargo door window, station 343, 
(diagram 4, line 2) were found 60 feet further in the direction of flight, followed by a 10" x 10" 
piece ofthe helicopter window frame portion of a cargo door. A larger piece of a left side cargo 
door was found along the flight path and retrieved during one of the initial searches of the 
accident site. The two pieces of cargo door appear to match, and both have similar shrapnel 
damage from missile burst. The cowling from the left side of the fuselage, vicinity of the tail 
boom, station 455, (diagram 5, line 3) and Auxiliary Power Unit (APU), station 443, (diagram 5, 
line 4) as well as pieces of the APU were found along the route of flight from 1,095 feet to within 
258 feet of helicopter impact The upper fuselage at the tail boom attachment points, station 490, 
(diagram 5, line 5) and the APU access doors, station 420, {diagram 5, line 6) both revealed 
shrapnel damage. A 3' x 4' portion of the left side of the tail boom at the tail boom attachment 
point, station 500, (diagram 5, line 7) was found 250 feet from the helicopter initial impact point 

(3) Wreckage at Point of Ground Impact. 

(a) The helicopter's initial impact was into the bank of a stream bed. Damage analysis 
and eye witness information indicated that the helicopter was in a left roll, a relatively level pitch 
attitude was on fire in the vicinity of the APU, and did not enter a decelerative attitude prior to 
impact The helicopter was subsequently consumed by fire. Wreckage associated with the lower 
left side ofthe crew compartment, fuselage and the tail boom were found within 10 feet of the 
initial impact point All four tail rotor paddles sustained rotational damage either from helicopter 
debris coming off during flight or during the ground impact sequence. Pieces of the main rotor 
system were found in the initial impact area, but due to extensive foot traffic prior to our 
investigation, no ground scars caused by main rotor blade impact could be found. 

(b) Debris from the main fuselage was found on a terraced area 5 feet above and 51 
feet beyond the initial impact point in the direction of flight The main fuselage was totally 
consumed by fire. The main transmission was found with the mast and main rotor head attached, 
96 feet from the initial impact point All four main rotor blades were broken off at the main rotor 
hub and sustained substantial fire damage. A partial section of the cargo compartment floor pan 
was found 126 feet from initial impact in the direction of flight, The number two engine was 
found 184 feet from initial impact on the side of a 15 degree slope. The engine had no bum 
damage and minor impact damage to the exhaust section. 
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( 4) Determination: 

(a) It was determined that the missile detonated on the left side of the UH-60 fuselage 
in the vicinity of the tail boom attachment point, station 443.5, (diagram 5, line 4) for the 
following reasons: 

.L A significant amount ofleft side fuselage debris from in, and around the APU 
area was scattered along the route of flight. 

2. Left side fuselage cowling, the left cargo door, and the APU access doors have 
shrapnel damage. 

1. APU debris and APU parts were found along the route of flight. 

(b) The missile approached the helicopter from below the main rotor system. No 
main rotor debris was found along the route of flight indicating that the rotor blades were either 
undamaged or they did not start to deteriorate. 

· (c) Although the helicopter main fuel tank was probably damaged by shrapnel, the 
detonation did not occur in the fuel tank. Some fire was observed coming from the APU area 
prior to impact but no explosion was reported. 

(d) Either the pilot in command and/or the copilot were incapacitated after the missile 
detonation, or the flight controls were compromised by shrapnel. No decelerative flare was 
observed prior to ground impact. 

CRASH SITE #2 UH-60 Serial #88-26060 

(1) Eagle 1 crash site (72 nautical miles southeast ofZakhu, Iraq, coordinates North 
36 degrees, 46 minutes, 04 seconds, East 044 degrees, 05 minutes, 33 seconds) 

(a) The crash occurred on the base of a mountain range, in a draw that runs north
south up the side of the mountain. An active intermittent stream runs from the mountain ridge 
down the 48 degree slope of the draw .. The draw is formed by steep terrain (45 degree slope) on 
both sides. The terrain is characterized as extremely rocky with large boulders and thick 
vegetation, both grass and trees. The trees are on an average 8-10 feet in height. 

(b) The helicopter impacted on a 4 5 degree slope and in trees A man made terrace 
approximately two feet high, constructed of rock, runs through the point of impact. 

(2) Flight Path Wreckage Distribution 

(a) Eagle 01 was proceeding down a valley on a heading ofbetween 100 and 120 
degrees. An eye witness indicated that after the trail helicopter was struck by a missile, the lead 
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helicopter made a series of rapid left and right banks eventually turning to the left. The helicopter 
entered a left turn flying up a draw toward a mountain ridge line on the north side of the valley. 
The aircraft crashed on an approximate heading of 040 degrees. The airspeed could not be 
determined by analysis of the wreckage due to extensive damage. A section of the main rotor 
blade cut three trees on the side of a ridge line 678 feet from helicopter ground impact Because 
of the dynamics of the main rotor system, it is likely that the section of blade that struck the trees 
remained at the same elevation (altitude) as the rotor disk until it hit the trees. The location of the 
tree strike would place the helicopter at approximately 200 feet above the floor of the draw at the 
time of main rotor system disintegrated. The helicopter heading at the time of ground impact was 
determined to be 040 degrees. The angle of impact, approximately 56 degrees; was computed by 
identifYing a point on the surrounding terrain (trees that were cut by a three foot section of main 
rotor blade) that was parallel to the flight path ofthe helicopter, and measuring distances and 
elevations. 

(b) Two pieces of helicopter debris were found 3027 feet (.6 mile) from the helicopter 
ground impact point (diagram 7). One was a mounting bracket for the cargo hook swivel 
bearings, station 370 (diagram 9, line 1), and the other was a piece of cargo compartment sound 
proofing, station 400 (diagram 9, line 2) with shrapnel damage. The first sign of main rotor blade 
deterioration (honeycomb) was found 2118 feet from helicopter ground impact. The helicopter 
began major deterioration approximately 900 feet prior to ground impact loosing at least one main 
rotor blade and part of a tail rotor paddle. Pieces of engine cowling, station 410 (diagram 9, line 
3) and fuselage, station 380 (diagram 9, line 4) were scattered over the next 300 feet. 

(3) Wreckage at Point of Ground Impact. 

(a) The helicopter impacted the side of a mountain on 45 degree sloping terrain and 
was totally consumed by fire. The wreckage was confined in an area approximately 50 feet in 
diameter with selected components distributed on a heading of 040 degrees. The small scatter 
area is indicative of a steep impact angle (56 degrees). 

(b) The main fuselage and left engine was found at the initial point of ground impact. 
The fuselage was consumed by fire. The left engine sustained extensive fire damage. The right 
engine was thrown free of the wreckage impacting approximately 55 feet from the main fuselage. 
The location of the engines is an indication that the helicopter impacted left side low, in that the 
left engine remained at the initial ground impact point, while the right engine was thrown in the 
direction of flight. 

(c) The main transmission with the mast and main rotor hub attached came to rest 41 
feet from the main fuselage. Two main rotor blades, although destroyed in the fire, were still 
attached to the main rotor hub. No evidence of the other two main rotor blades was found at the 
helicopter ground impact point, however, a significant portion of two blades was found along the 
flight path. 
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(d) The tail boom was consumed by the fire. The tail rotor gear box and tail rotor 

hub were located 41 feet from the main fuselage. All four tail rotor paddles (blades) were broken 
off at the hub. The tail rotor system, as well as the tail rotor gearbox, routinely depart the 
helicopter when a severe imbalance condition develops. Because a portion of a tail rotor paddle 
was lost during flight and the fact that the tail rotor system and tail rotor gearbox did not rip free 
due to a symetrical imbalance, it is believed that tail rotor was not being driven just prior to 
ground impact. 

(4) Determination: 

.!! Missile impact occurred along the flight path at the approximate location where 
extensive helicopter debris began, 909 feet from helicopter ground impact. Parts found previous 
to this point were blown back during detonation or were moved by visitors to the site. 

h The missile went through the main rotor system prior to striking the fueselage. This 
would explain the extensive main rotor blade damage which occurred prior to the helicopter· 
striking the ground, and is supported by an eye witness account of the missile impact. 

& Neither the pilot in command nor the copilot could have controlled the helicopter 
during the impact sequence due to the destruction of the main rotor system. 

Atch: 
I. Dia I. Overview of both crash sites 
2. Dia 2. View of crash site I 

. ~ L ' f/ A . : Cf-~.~0 j)vc:t...,-:_c<.-
oANIEL W l\1EDINA, CW5, USA 
Technical Advisor 

3. Dia 3. Flight path wreckage distribution of crash site I 
4. Dia 4. Main wreckage distribution of crash site I 
5. Dia 5. Component locations of parts found at crash site I 
6. Dia 6. View of crash site 2 
7. Dia 7. Flight path wreckage distribution of crash site 2 
8. Dia 8. Main wreckage distribution of crash site 2 
9. Dia 9. Component locations of parts found at crash site 2 
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STATEMENT OF CERTIFICATION 

I am CWS Daniel W. Medina, assigned to the US Anny Safety Center, Ft Rucker, AL as an 
accident investigator. I am a technical advis'or to the AFR 11 0-14 Accident Board investigating 
the crash of two US Army Black Hawk helicopters and the possible involvement of US fighter 
aircraft in the crash of these helicopters in northern no-fly zone oflraq on 14 Apr 94. In March 
1973 I graduated from the U.S. Anny Safety Officer Course conducted by the University of 
Southern California. I have served 12 years as a safety officer at company and battalion leveL I 
served five years as a safety officer at Anny Europe level with the task of training safety officers 
and evaluating unit safety programs. I have 4400 flight hours as a helicopter pilot. 
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FLIGHT PATH WRECKAGE DISTRIBUTION 
SITE 1 

TAIL NO. 87-26000 

1. DISTANCES ARE IN FEET 
2. DIRECTIONS ARE ESTIMATED IN DEGREES MAGNETIC 
3. DISTANCES AND DIRECTIONS ARE RELATED TO CENTER 

OF MASS OF MAIN WRECKAGE 

DIAGRAM 3 
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ITEM 
25 
26 
27 
28 
29 
30 
31 • 32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

SITE 1 N 
MAIN WRECKAGE DISTRIBUTION 

LEGEND 
DESCRIPTION 
RIGHT STABILATOR PART 

LEFT ESSS PART 

TAIL ROTOR PYLON 

TAIL BOOM PART 

LEFT WHEEL STRUT 

SEARCH UTE 

PEDAL, TAIL ROTOR CONTROL 

MAIN ROTOR BLADE PART 

TAIL BOOM PART 

OIL COOLER FAN 

LEFT ENGINE 

MAIN TRANSMISSION 

HYDRAUUC ASSIST MODULE 

SLEEPING BAG 

CARGO FLOOR PIECE 

RIGHT ESSS FUEL TANK 

RIGHT ESSS PYLON 

RIGHT ENGINE 

TAIL NO. 87-26000 

DIST DIR 

"" CMAG 

96 290 

98 280 

56 275 
53 278 

51 255 
50 258 
50 258 

40 300 

43 278 
15 300 

5 300 
0 0 

10 110 

13 112 
30 115 

47 I 108 
75 120 

88 120 

STREAM 
--~ 

WRECKAGE 
BURN AREA 

SLOPE INFORMATION 

100 

INITIAL IMPACT: 2° DOWN SLOPE TO THE RIGHT OF FLIGHT PATH 
2° UP SLOPE TO THE DIRECTION OF FLIGHT PATH 

MAIN WRECKAGE: 5o DOWN SLOPE TO THE RIGHT OF FLIGHT PATH 
o· SLOPE IN THE DIRECTION OF FLIGHT PATH 

IMPACT ANGLE BETWEEN FLIGHT PATH AND INITIAL IMPACT 
POINT: a· 
DISTANCES ARE MEASURED IN FEET 
DIRECTIONS ARE MEASURED IN DEGREES MAGNETIC 
DISTANCES AND DIRECTIONS ARE MEASURED FROM 
MAIN TRANSMISSION (36) 

DIAGRAM4 
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AIRCRAFT COMPONENT LOCATIONS 
TAIL NO. 87-26000 

DIAGRAMS 
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CRASH DIAGRAM 

------------, 
PROFILE VIEW OF TERRAIN 

AT WRECKAGE 

--

. """'--
/ MAINROTOR 

/ BLADE PARTS I 

GRAPHIC 
REPRESENTATION 

ELEVATION IN FEET~ ' 

FLIGHT PATH 
(040) 

SITE 2 

• •• i~// ' 
~:' .. -..'~-"" 

v BURNT TREES ., • " 

t GROUND IMPACT POINT 
I SITE 2 

" N 36° 46' 11" 
I " / E 044° 05' 33" 

CJ 

I 
"<:::! 

I 

I 

MAIN 
WRECKAGE 

DIAGRAM6 
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FLIGHT PATH WRECKAGE DISTRIBUTION 
SITE 2 

TAIL NO. 88-26060 

1. DISTANCES ARE IN FEET 
2. DIRECTIONS ARE ESTIMATED IN DEGREES MAGNETIC 
3. DISTANCES AND DIRECTIONS ARE RELATED TO CENTER 

OF MASS OF MAIN WRECKAGE 

DIAGRAM 7 

ITEM 
1 
2 
3 
4 
5 
6 

I 
. 

8 
9 . 

10 
-,1 

12 
13 

-i4 
15 

-TO 
17 
18 

19-29 

LEGEND 
DESCRIPTION DIST DIR 

(Fl) (MAG 

SOUND PROOFING, CARGO CMPT 3027 040 
·-

1/2 ROUND BEARING CLAMP 2802 039 
-· 

ICS CORD, 3FT LONG 2568 041 

211a --
PIECE HONEYCOMB, M/R BLADE 040 

-
FIBERGLASS PANEL 2' X 2' 909 040 -

MAIN ROTOR TIP CAP 8S8 041 

PIECE WINDOW PLEXIGLASS 798 1040 

·t 798 
-· 

PIECE ENGINE COWLING 040 

PIECE M/R BLADE,I6' LONG 798 039 

PIECE ENGINE INTAKE COWL 798 036 
- -

PIECE FUSELAGE 858 073 
3 CUT TREES; 2 X 2" DIA, 1 X 6' DIA 798 073 -
PIECE M!R BLADE SKIN, 36' LONG 798 073 

PIECE M/R BLADE SPAR 798 073 

ENGINE COWL PARTS 768 040 

ELECTRICAL CONNECTOR MULTI-WIRE 468 040 

PIECE T/R BLADE 318 040 
-

PIECE COWLING SUPPORT 190 050 
MAIN WRECKAGE CENTER OF MASS 0 0 



• ITEM 
19 
.20 
cld~ 

23 --24 
25 
26 

_'f.l 
28 

29' 

'I 
l ' 

• 

SITE 2 
MAIN WRECKAGE DISTRIBUTION 

TAIL NO. 88-26060 
N 

LEGEND 
DESCRIPTION 

APU DECK 

PIECE TAll B00t.4, RIGHT __ 
MIXIHGUNIJ 

MAIN FUSElAGE 

TAILROJOR 
.. --

LEFT ENGINE 
ESSSTANK 

MAIN TRANSMISSION 
API! ENGINE 

GROUND SCAR RIGHT ENGINE 

RIGHT ENGINE 

DIST 
(FI) 

_!~ 

.... !!._ 
411 

.. -
41 

41 
35 

'32 
0 
35 

55 
71 

DIR 
(MAG) 

4811 

195 

215 -
230 

-~~ 
235 
250 -

0 

200 

100 
~-

125 

040° 

DIRECTION OF 
IMPACT 

WRECKAGE BURN 
AREA 

POINT OF IMPACT SLOPE INFORMATION 

25°DOWN SLOPE TO THE RIGHT OF FLIGHT PATH 
45°UP SLOPE IN THE DIRECTION OF FLIGHT PATH 

IMPACT ANGLE BETWEEN FLIGHT PATH AND INITIAL IMPACT POINT: 56° 
DISTANCES ARE MEASURED IN FEET 
DIRECTIONS ARE MEASURED IN DEGREES MAGNETIC 
DISTANCES AND DIRECTIONS ARE MEASURED FROM MAIN TRANSMISSION (26) 

DIAGRAMS 
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AIRCRAFT COMPONENT LOCATIONS 
TAIL NO. 87-26060 

DIAGRAM9 
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TABO 

ADDITIONAL SUBSTANTIATING DATA REPORTS 

0-I UH-60 Black Hawk 88-26060 

0-2 UH-60 Black Hawk 87-26000 

0-3 E-3BAWACS 

0-4 F-ISC 79-0025 

0-5 F-ISC 84-0025 

0-6 Human Factors 

0-7 Medical Reports 

0-8 Optics Report 

0-9 Crash Site Analysis Technical Report 

0-IO Technical Report, F-ISC IFF/AAI Systems 

(See also Classified Addendum) 

0-11 Technical Report UH-60 BlackHawk 

IFF/AAI Systems 

• 

0~1 

0~2 

0~3 

0-4 

0-5 

0-6 

0-7 

0-8 

0~9 

0-IO 
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Technical Report 

F-15 Air-to-Air Identification-Friend-or-Foe (IFF) Interrogation (AAI) System 

Aircraft Evaluated: F-ISC, Tail Numbers 79..0025 and 84-0025 

Incident Date: 14 April 1994 

I. INTRODUCTION: The purpose of this evaluation was to determine whether there is an F
ISC AAl (APX-76) systems explanation for the report of the lead F-15 pilot that he had a brief 
positive Mode IV reply, followed by negative reply, while interrogating two UH-60 Black Hawk 
helicopters using the APX-1 00 IFF transponder. 

ll. BACKGROUND: The accident involved the crash of two US Army Black Hawk 
helicopters, serial numbers 88-26060 and 87-26000, and the possible involvement ofUS F-15 
fighter aircraft, serial numbers 79-0025 and 84-002S, and a US AWACS, aircraft serial number 
77-0351, in the crash of these helicopters in the northern No-Fly-Zone ofiraq on 14 April1994. 

m. EVALUATION: A thorough evaluation was conducted of the serviceability of the AAl 
systems installed on aircraft 79-0025 and 84..0025 on 14 April. (Tab 04b; Tab OSb) 

In addition, the F-ISC manufacturer, McDonnell Douglas Aircraft Corporation, was contacted to 
determine if there are any known anomalies with the F-1 SC AAI system. The Department of 
Defense (DOD) IFF Program Office at Warner Robins Air Logistics Center, GA was contacted to 
determine if they were aware of any IFF anomalies that might be relevant to the mishap. 

The Theater Air Command and Control Simulation Facility (T ACCSF) at Kirtland Air Force 
Base, NM developed a computer model to simulate the F-ISC and UH-60 dynamics during the 
intercept. The 57th Test Group at Nellis Air Force Base conducted flight testing involving 
F-15Cs and UH-60s to recreate the electronic identification (EID) portion of the intercept. 

IV. DETERM:INATION: The AAI systems ofboth aircraft were evaluated for serviceability. 
An historical records review, ground functional check, pilot assessment, and teardown of key 
components was conducted on each aircraft. Information compiled from these efforts indicates 
both aircraft's AAl systems were most likely serviceable at the time of the mishap. (Tab 04b; Tab 
05b) For the purpose of this determination, it was assumed that the AAl systems were 
functional. 

Representatives from McDonnell Douglas Aircraft (MD A) Corporation indicated they were not 
aware of any known F -15C AAl anomalies that would explain a momentary Mode IV reply and 
then a negative response for the remainder of an interrogation. MDA did indicate the possibility 
that IFF replies from two close-proximity targets might overlap, corrupt the encoded reply and be 
interpreted as a negative reply by the interrogating platform. (Atch 2) 



• ~ 

. ' ... - . .. • 
A representative from the DOD IFF Program Office confirmed the theoretical possibility of reply 
signals from two close proximity targets interfering with each other and preventing the interro
gator from receiving either signal. The more likely possibility, according to the representative, is 
that the interrogating platform would only receive one of the two replies. (Atch 3) 

Computer simulation testing at TACCSF indicated that, with the F-15 radar in certain modes, the 
F-15 AAI system was not consistently capable of successfully interrogating and receiving IFF 
responses from two UH-60s flying in close proximity ( 1000 feet apart). (Atch 4) 

The simulator results revealed the probability of a IFF response being received by the AAI system 
was "largely determined by the amount oftime the coolie switch is held over during any particular 
interrogation request." The T ACCSF report also specified that "it was often necessary to hold 
the coolie switch in the interrogate position for several seconds to obtain a response while in 
Track-While-Scan or Search modes." (Atch 4) The coolie switch is the multi-function switch on 
the F-15 throttle used to initiate AAI interrogations. Due to radar scan pattern, it is possible that 
an F-15 interrogation attempt might not be successful because the radar antenna sweep pattern 
(during the period of the interrogation) does not highlight the interrogated aircraft. 

Flight tests were flown at Nellis AFB with one or two F-ISCs interrogating two Air Force MH-
60s flying in close proximity (less than 1000 feet apart). The results of those flights indicated the 
F-15 had a high success rate interrogating the MH-60s in Mode IV. The unsuccessful 
interrogations were explained by intermittent test conditions such as terrain masking and the 
absence of a radar lock-on (correlation). (Atch 5) 

5 Atchs 
I. Statement of Certification 
2. Memo from MD A, 9 May 94 
3. Memo from Mr Grafton, undated 

FREY M. SNYDER, Maj, USAF 
F-15 Maintenance Board Member 

4. Test results- TACCSF (see classified addendum) 
5. Ltr from 57 TESTG/CC, declassified (see classified addendum 

for complete document) 

7 
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STATEMENT OF CERTIFICATION 

I am Major Jeff Snyder, assigned to the 48th Fighter Wmg, RAF Lak.enheath England as 
the squadron maintenance officer, 493rd Fighter Squadron. I am the F-15 maintenance 
board member on the AFR 110-14 Accident Board, investigating the crash of two US 
Army Black Hawk helicopters and the possible involvement of US fighter aircraft in the 
crash of these helicopters in the northern No-Fly Zone of Iraq on 14 Apr 94. I have held 
various positions as a FI06 and F-15 maintemmce officer, squadron commander, and 
logistics staff officer over the past 15 years. I have been a maintenance training squadron 
commander and equipment maintenance squadron commander. I served as Research 
Fellow at RAND Corporation and as Chief, Maintenance Plans and Policy Branch at HQ 
United States Air Forces in Europe. I received my Master's Degree in Logistics 
Management from the Air Force Institute of Technology. I have been associated with the 
F-15 since 1983. 

Date: _5"-+-/_1 t,.L.:./9c....:.4 __ ~~-•.US~ 
F-15 Maintenance Board Member 

Atch 1 
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MOA·E Response to F·15 IFF Questions 
09 May 1994 

a WRALCFAX OS M>s¥ 94 Jerry Kelly {WRALC} fax concerning F·1 S IFF Q1Jestions relal.lr: "J !he F-15/ 
Blackhawk incident · 

b WRALCFAX 09M!IV 94 Jerry Mobley {WRALC) fax eonceming F·15 IFF questions ,._, 10 the 
F·151Blackhawk incident 
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MDA-E Response to F-15 IFF 

Questions 
09 May 1994 

• • • Enclosure (1) to 
310-F15· 24759 

The following information is provided to answer the questions included in Reference (b). 

1. From the Reference (b) information MDA received, we assumed the following: 

AAI Operation 
Master mode • AUTO 
Code switch - 4A or 4B 
81, 52 switches - 0, 3 
Code switches - N/A 

Radar- STT 

2. - When the AAI is in AUTO Master Mode (81, 82 set as above) and the Radar in STT the 
following occurs: 

When the Interrogate switch is depressed, the AAI will interrogate for 116 milliseconds in each 
of the following modes 4, 1, 2, 3. 

a. If no DETECT or I DENT is sent to the radar by the AAI, the radar will cycle the 
INHIBIT BIT and interrogations will continue (1 cycle per second) as long as the 
interrogate switch is depressed. 

b. If a DETECT or INDENT is sent to the radar by the AAI, interrogations will cease, 
but the symbol (circle or diamond) should remain displayed until the Interrogate 
switch is released or the radar breaks lock. 

3. Replies to "Questions to MDA" • 

a. If the fighter had a circle displayed, and the Interrogate switch was not released, the 
circle should have remained until the Interrogate switch was released. 

b. Why did the circle disappear and no replies received on subsequent interrogations? 
"Beats me• 

c. Can the situation be replicated in the lab? Not completely, it is impossible to duplicate 
all the real life variables such as: transponder antenna patterns of the helicopters, 
effects of the helicopter rotors on the IFF signals, and multipath effects. 
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MDA-E Response to F-15 IFF 

Questions 
09 May 1994 

. .. Enclosure ( 1) to 
• 310-F15· 24759 

The following information is provided to answer question 3 included in Reference (a). 

Question 3. Is MDA aware of any research or any problems with interrogating two targets in close 
proximity to one another (within one mile apart)? 

Answer: A condition known as garbling can exist when replies are generated from two targets in 
close proximity to one another. Garbled replies are replies which overlap so that pulses 
of one reply occurs in an unused pulse time frame of the other reply, thereby corrupting 
the code. This condition is not F-15 unique. This condition has the most affect on SIF 
Correct Code operations where neither reply is decoded. The code pulses of the replies 
are spaced in increments of 1.45 microseconds from the first F1 pulse. The reply pulse 
position tolerance is± 0.10 microseconds, so if the delay changes by 0.10 microseconds 
(increase or decrease) the interrogating system should correctly decode the replies. 

Example: 

Reply pulse position: 

Fl Cl Al C2 A2 C4 A4 X Bl Dl B2 P2 S4 D4 F2 

Two replies, each with a code of 43 in Mode 1. · 

Fl Cl Al C2 A2 C4 A4 X Bl Dl B2 D2 B4 D4 F2 

Jl n n n n_ 
.Pl Cl Al C2 A2 C4 A4 X Bl Dl B2 D2 B4 D4 F2 _n n n n fl 

Result of combined replies: 
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MDA-E Response to F-15 IFF 

Questions 
06 May 1994 

.A ... • Enclosure (1) to 
310-F15- 24757 

The following information is provided to answer the questions included in Reference (a). 

Question 1. Are there any anomalies of the AAI system that could result in false targets during an 
AAI interrogation? In mode 1 or mode 4? 

Answer: If the system is installed correctly and working properly, there should be no false 
targets. 

Question 2. Does MDA have any info on false returns associated with AAI interrogations with 
simultaneous IBS BIT lights? 

Answer: 
. 

Assuming that the question is interpreted to mean that the IBS is inoperative {no 
blanking provided) and that the Transponder is replying to AAI interrogations. In this 
situation there would be no false returns for ranges of concern, there possibly could 
be a response that would appear near zero range at the bottom of the VSD display. 

The answer to question 3. will be provide. later. 
A 



• Engineering Report 
Close Proximity IFF Targets 

DoD AIMS Program Office 

• 
Question: Is the DoD AIMS Program Office aware of any problems associated with 

interrogating aircraft flying in close proximity of each other? 

It is the expert opinion of the undersigned engineer, that it is feasible for aircraft flying in 
formation (with both transponders on) to interfere with each other and prevent either one from 
being identified by an interrogating aircraft. In some scenarios both could be identified. 
However, with all systems working properly the most common occurrence is that one will be 
identified and the other rejected. 

This could happen in all modes (Modes I, 2, 3/ A or 4), but because of the pulse spacing and 
decoder operation of the Mode 4 reply, it would be more prevalent in Mode 4 operation. 

~~~ 
A TTl Contractor 
DoD AIMS Program Office 

I, Travis B. Grafton have been associated with the Mark XIXII system since 1962. I have 
installed the equipment in A TC facilities. From 1980 to 1987 I was the DoD AIMS Program 
Engineer having the responsibility for the overall integrity of the Mark XII system. I retired in 
1987 from ci vii service and in 1993 returned to the AIMS Program Office, providing contractor 
engineering support. 

Atch 3 
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• CONFlDEN'fltt 

· DEPAF!TMiNT OF THi AlA JIIC .. ..:E 
!7TH TeST GROUP (ACC) 

N!LUB ;i.IR FOAC! BASE NEVAO;i. 

MEMORA:NDT.JM FOR Colonel Fain 

FROM: 57 TESTO/CC 

USAF Investigatin& Officer 
Incirlik AB, Turkey 

SUBJEC!: F-15 Mode 4 Test 

• 

1. (U) Test missions were conducted on 10/11 May. The first day consisted of 2 F-ISC's and 2 
HH-600 ''Pave Hawk" helicopters and the second mission using 1 F-ISC and 2 "Pave Hawks". 
The purpose of thia test was to evaiuate Mode 1/2/4 replies. 

. . . ~ 
[Classified material deleted (145 words)] 

3. (U) These profiles were flown using F-lSC's (APO 63nO radar, CAN radar tape, s1.s2 of 
0.3) The HH-600 "PaveHawk" was confi&ured using the APX-100 IFF system. Nine runs were 
accomplished, 2 high iltitude, and 7 low illitude consistina of 100 interroiatio!l.'l. During the f'1tst 
high altitude run we were able to accomplish interrogations witb the helicopters in a four by one 
mile wide canyon approximately 1000 feet deep. 

[Classified material deleted (46 words)] 

/fl/!{{L/1; ' 
TED J. CARTER, Colonel, USAF 
r"'"""""'o"'ri· .. 

CERTIFICATE OF DECLASSIFICATION 
... l oertif)· that the information contained in this d<x:ument has been declassified from 

b.Jy1!'1ii:tiT!II.I... ·to v'NCLASS!~. f'! 1\U • 

\'\ffi{j~9.i . ·. ~M~ DAC , DC _....:.._ D«Jas.sification T earn Chief, HQ tiSEUCO~ 

Atch 5 
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TECHNICAL REPORT 

UH-60 BLACKHAWK IDENTIFICA TION-FRlEND-OR-FOE (IFF) SYSTEM 

Aircraft Evaluated: UH-60 Black Hawks, Serial Numbers 88-26060 and 87-26000 
Incident Date: 14 April 1994 

I. INTRODUCTION: The purpose of this evaluation was to examine potential reasons 
which could have resulted in unsuccessful Mode IV interrogations of the Identification
Friend-or-Foe (IFF) systems on the UH-60 Black Hawk aircraft, serial numbers 88-26060 
and 87-26000. 

II. BACKGROUND: This technical report was prepared for the official AFR 110-14 
aircraft accident investigation into the facts and circumstances surrounding the crash of 
two US Army UH-60 Black Hawk helicopters (Eagle Flight) and the possible involvement 
of US fighter aircraft in the crash of these helicopters in the northern No-Fly Zone oflraq 
on 14 April 1994. Aircraft 88-26060 arrived at Diyarbakir AB, Turkey on 14 June 1993, 
and had a total of 1222.0 flight hours on the airframe prior to the last mission. Aircraft 
87-26000 arrived at Diyarbakir AB, Turkey on 14 June 1993, and had a total of 1247.3 
flight hours on the airframe prior to the last mission. 

The assessment of the UH-60 Black Hawk's Mode IV capabilities and irregularities, if 
any, was conducted in an effort to account for inconsistencies in the available evidence 
related to the functionality of the Black Hawks IFF Mode IV. Specifically, the testimony 
of one of the F-15 pilots indicated that he interrogated Mode IV, and received one 
"friendly" response, followed by two negative responses. (TAB AC36/para2) The second 
F-15 pilot indicated he received only a negative response. (TAB V28/Q90-91) 

Mode I and Mode II interrogation returns were observed by A WACS, but no evidence 
was found to indicate that AWACS controllers attempted a Mode IV interrogation of the 
UH-60 Black Hawk helicopters transponders. Analysis of one Black Hawk transponder 
(87-26000) showed indications that Mode IV was on and that the IFF caution light was 
not on. (TAB Olb; 02b) Tear down analysis of the second transponder (88-26060) has 
not been completed. (TAB Jl e) 

Given these inconsistencies in the evidence, it was appropriate to conduct an analysis of 
the potential reasons for unsuccessful Mode IV interrogations of the UH-60 Black Hawk 
transponders by the F-1 Ss. 



• • 
ill. EVALUATION: 

This evaluation was conducted by reviewing applicable technical manuals and publications 
and by consulting experts in the field of IFF systems operations. Possible scenarios which 
could explain a failure to respond to a presumptively proper F -I 5 IFF interrogation were 
developed and analyzed. 

The general serviceability and mechanical condition of the transponders and the 
cryptographic computers was evaluated in separate technical reports (TABs 0 I b; 02b) 
and is not included in this assessment. \\'here appropriate, the results of the tear down 
analysis conducted on the aircraft IFF system components is incorporated into this 
evaluation. 

Specific maintenance procedures with possible relevance to the mishap were investigated. 
The Eagle Flight Detachment policies and procedures for loading Mode IV codes into the 
aircraft and for operationally checking the validity of those codes were reviewed. The 
Detachment's adherence to Department of the Army maintenance policies and procedures 
was also evaluated. 

IV. DETER1\UNATION: 

A. BACKGROUND. 

The IFF system consists of the AN/APX-100 (Transponder), the KIT JC (Cryptographic 
Computer), and two omnidirectional antennas, one installed on the top fairing between 
engine exhaust ports (top center of the aircraft, behind the rotor blade mast), and one on 
the lower fuselage in the center portion of the aircraft, under the transmission section. 
(TAB AA20/p3-63, para3-158) 

The AN/APX-100 transponder set is designed to provide automatic radar identification of 
an aircraft to all suitably equipped challenging aircraft and surface or ground facilities 
within the operational range of the system, provided a compatible code is entered into the 
interrogation system and into the transponding system. (TAB AA20/p3-63, para3-l57) 
The system receives, decodes and responds to interrogations of operational Mode I, IT, 
InA, me and IV codes. The AN/APX-100 can transmit specially coded identification of 
position and emergency signals to interrogating stations, if conditions warrant. (TAB 
AA20/p3-63, para3-157) 

There are five independent coding modes available to the operator. The first three are 
non-secure and may be used independently or in combination: Mode I provides 32 
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possible code combinations and is a method for an interrogating system to track military 
aircraft or ships. Mode II provides 4096 possible code combinations to the interrogator; it 
is used to track a specific aircraft. Mode IIUA provides a geographic identification of 
military and civilian aircraft positions to an interrogating station. Mode IIUC indicates 
pressure altitude, to the nearest 100 ft increment, ·of the military or civilian aircraft being 
interrogated. (TAB AA20/p3-63, para3-157) Mode IV is an encrypted, secure mode that 
transmits a coded pulse to an interrogating system to identify a friendly aircraft. A 
compatible code for the operational time period must be loaded into the interrogating 
system's KIR I C and the transponding system's KIT I C for the interrogator to receive a 
friendly indication. (TAB AA21/p2-3, para2-4.2, p4-8, para4-6.1) 

The AN/ APX-1 00 transponder provides two indications to assist the aircraft operator in 
evaluating the effectiveness of the transponder's response to an interrogating signal. The 
"reply light" on the transponder will illuminate if a compatible code has been received and 
a response is being transmitted; there is also an audio tone in the operator's head set to 
indicate that the transponder system has been interrogated by an incompatible Mode IV 
code. In addition, the aircraft Master Caution light will illuminate, along with a specific 
Mode IV segment light on the caution advisory warning panel, to alert the crew if the 
transponder has not replied to the Mode IV interrogation. (TAB AA21/p4-7,para4-5.1.5, 
p4-8, para4-5.2.1) 

The current Mode IV code must be loaded into the transponder prior to each mission. 
The Mode IV codes for each day of any given month are imprinted on paper tape. There 
is an individual tape segment for each day of the month. The first step in loading the 
Mode IV code into the transponder is to load the specific code for the day into the KYK-
13 (Electronic Transfer Device). The KYK-13 is loaded by connecting a KOI-18 (Tape 
Reader) to the KYK-13, inserting the coded paper tape, and running the tape through the 
KOI-18. The loaded KYK-13 is then disconnected. (TAB AA21/p4-21, para4-16.3) 

The KYK-13 is connected (with a plug-on data transfer cable) to the KIT lC 
(Cryptographic Computer) in the aircraft. When the·proper switch on the KYK-13 is 
turned to the load position, the code is passed from the KYK-13 to the KIT 1 C and is 
loaded and available for access by the transponder. If the KIT lC is not loaded properly, 
the aircraft Master Caution light will illuminate, along with a specific Mode IV segment 
light on the caution advisory warning panel, to alert the crew that the transponder has not 
accepted the code. (TAB V60/p3, para4) 

It is possible to load the codes for two consecutive days into the KIT I C. If pending 
operational requirements will make it impossible to reload the Mode IV code prior to the 
beginning of the next day, two days of codes would be loaded. At the end of the first day, 
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the next day's Mode IV code may be selected by using the code AlB switch on the 
transponder. Failure to change to the new day's code at the end of the first day will make 
the system's Mode IV code incompatible with other Mode IV systems during the second 
day. (TAB AA21/p4-9, para4-6.3) 

The internal aircraft checks will only indicate whether a valid code has been properly 
loaded, not whether the loaded code is the proper code of the day. 

B. ANALYSIS OF POTENTIAL IFF SYSTEM PROBLEMS 

Keying Mode IV into the IFF system prior to flight. Mode IV codes are issued by a 
Communications Security Custodian for a one-month period. For the month of April 
1994, the codes used by Eagle Flight Detachment were the proper edition of the Mode IV 
codes. (TAB Vl21/pl, para4) (Atch 3) 

Loading the Mode IV code into the transponder requires the Eagle Flight Detachment 
operations NCO to obtain the daily codes from the Pirinclik AB, Turkey, Communications 
Center. This was accomplished on 31 March 1994, when the Eagle Flight NCOIC went 
to the Communications Center where he signed for and received the canister containing 
the daily codes for the calendar month of Aprill994. (TAB Vl21/p2, para4) The 
canister and daily codes were secured in the Eagle Flight operations office safe. (TAB 
Vl2lfpl, para4) 

The night before the 14 April helicopter mission. the Detachment NCOIC removed the 
code for the next day from the safe and loaded it into the KYK-13 (Electronic Transfer 
Device). (TAB V58/p3, para!) The KYK-13 was stored in the secure container 
overnight, then signed out on the morning of the scheduled flight by the chalk one (lead) 
pilot. There is no evidence as to show whether the pilot transferred the KYK-13 to the 
crew chief. (TAB V58/p3, para I) 

The crew chief normally keys the KIT I C for Mode· IV prior to inission take-off from 
Diyarbakir AB. In the past, the civilian contract maintenance personnel have been called 
on to assist a crew chief with the loading of the KIT I C. The civilian maintenance 
personnel have more experience with the equipment used at Diyarbakir AB, than do the 
military crew chiefs who rotate into the unit at irregular intervals. The civilian 
maintenance personnel testified that they had encountered no avionics discrepancies that 
they could not properly repair. (TAB V61/pl) (For a listing of transponder maintenance 
writeups, see TABs Olb and 02b.) 
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When the crew chief has a problem with the loading process, the civilian maintenance 
personnel are available to load the KIT !C. (TAB V61/pl, para4) After the KIT lCs are 
loaded and the mission depans, the KYK-13 is retained at the flight line. (TAB V58/p3, 
para l) 

There are several ways that the loading procedure could be done improperly. The code 
provided by the Communications Center could be incorrect; the information could be 
passed incorrectly to the KYK-13, as a result of a malfunction of the KYK-13 or KOI-18; 
or the KIT I C could malfunction and not receive the "fill." There is no evidence to 
indicate that any of these problems occurred during the preparations for the mission on 
14 April 1994. 

There is evidence that Eagle Flight loaded the KYK-13 with the proper Mode IV code for 
14 April 1994. On IS April1994, the Pirinclik AB Communications Center COMSEC 
alternate manager (the individual who issued the codes to Eagle Flight's NCOIC) went to 
the Detachment's operations office and verified visually that the unit had used the proper 
code for 14 April 1994. He personally verified the prior destruction of the code for 13 
April 1994, and observed that the code for IS April 1994 was present in the canister. 
(TAB V121/p3, para!) 

The COMSEC alternate manager also noted that he had personally issued the codes each 
month the two months prior to April, and for the month of May 1994. He testified that he 
had never heard of any problem being encountered with codes he issued, and he has never 
been told that a code he issued had been found to be incompatible. (TAB V121/p3, 
para2) 

There is also evidence that the loading process was accomplished properly. The NCOIC 
testified that he loaded the KYK-13 the night of 13 April, and signed the KYK-13 over to 
the pilot of chalk one (lead) the next morning. (TAB VS8/p3, para!) On 14 Apri~ the 
crew chiefs were observed opening the avionics compartment doors (hoods) of the 
helicopters, which is where the KIT 1 Cs are located: The military personnel did not 
request the assistance of the civilian contract personnel in loading the KIT I Cs. (TAB 
V61/pl, para 4) If the KIT IC had not been loaded properly, a cockpit light should have 
illuminated, notifYing the crew that there was a problem with Mode IV. (TAB V60/p3, 
para4) 

The crew chiefwho loaded the KIT IC was killed in the crash. On 28 April1994, the 
other Eagle Flight crew chiefs were evaluated on the performance of keying procedures 
for the KIT I C. Operations personnel provided a correctly loaded KYK-13. Each crew 
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chief performed the Mode IV keying procedure in accordance with the applicable 
technical manuals. (Atch 4) 

Analysis of the two KYK-13s from Eagle Flight was accomplished by Tobyhanna Army 
Depot, Tobyhanna Pennsylvania. The two KYK-13 electronic transfer devices were found 
to be functioning properly. (TAB Jig) 

The available evidence indicates that the IFF transponder keying of88-26060 and 87-
26000 on 14 April was accomplished with the correct code for the day and that the 
loading procedures were accomplished in accordance with applicable directives and 
technical manuals. 

Operational check of Mode IV prior to flight. Pilots are required to check the 
operation of the transponder system including the Mode IV, as part of their run-up 
checklist, and a cockpit test of the system will show if the Mode IV has been keyed and if 
the system has retained the code. The unit SOP states that all IFF systems must be on and 
operational prior to and throughout the mission. (TAB AA11/p2, app c3) 

Eagle Flight Detachment military and civilian maintenance personnel were interviewed. 
Testimony indicates that the Mode IV in-cockpit self test was done before every mission 
take-off from Diyarbakir. If that check was not positive, the aircraft would not be allowed 
to fly. (TAB V60/p3, para4) 

There was no external testing equipment at Diyarbakir to check the operation of the 
transponder. (TAB V60/p3, para3) The Mode IV external check was normally done by 
contacting AWACS after take-off from Diyarbakir and requesting interrogation and 
verification of Mode IV function. In the Detachment, it was common practice to request a 
Mode IV interrogation more often than the 25 flying-hour scheduled check (TAB 
V49/p2, para3-4) The Mode IV on aircraft 88-26060 was last checked on 13 Aprill994. 
(TAB VSI/p2, paraS) The Mode IV on 87-26000 was last checked on 6 April1994. 
(TAB H2b) Both Mode IV checks were successful.' There was ·no evidence of a Mode IV 
check of the aircraft by AWACS on 14 Aprill994. (TAB 03f) 

Shut·down procedures during en route stops. The Eagle Flight mission on 14 April 
1994 included a stop for passengers at Zakhu, Iraq. Post-landing procedures are specified 
in Army Technical Manuals (TAB AC29/pp8-15, 8-17). Avionics (including the 
transponder) shut-down procedures normally begin prior to power being removed from 
the aircraft. The Mode IV code switch must be moved to the "Hold" position and then 
released. Electrical power is then turned off. If the Mode IV code switch is not moved to 
the "Hold" position prior to turning off electrical power, the transponder loses the Mode 
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IV code from its memory. (TAB AC29/p3-66) A diagram of the AN/APX-100 
transponder is attached for reference. ( Atch 5) 

The unit standard was to accomplish all tasks "by the checklist." This fact was brought 
out by testimony. (TAB J2b/pl, para 2; V50A/Q59) When asked to consider the history 
of the Detachment's performance of the Eagle Flight mission, the remaining pilots could 
recall only two to three occasions where a single aircraft lost its Mode IV code as a result 
of not moving the code Hold switch to the "Hold" position prior to removing electrical 
power. No pilot could recall a situation where both aircraft lost their Mode IV codes. 
(TAB VI03/p9, para2-3; V48/p13-14) 

Detachment pilots testified that if their aircraft lost the Mode IV Code, they would call 
and advise AWACS of the problem prior to departing to continue the mission. (TAB 
VI03/p9, paral-3; V48/p14, para!) There is no evidence that AWACS received such a 
communication from Eagle Flight on 14 ApriL 

Mode IV code turned off during flight. The testimony of the remaining Eagle Flight 
pilots established that the practice in the Detachment was to fly with Mode IV on and 
squawking the code at all times. (TAB V49/p2, para4; V50A/Q47-50, Q67-68; V51/p3, 
para!; Vl03/pl0, para2-4) An aircraft would be rejected for a mission if the transponder 
was inoperable. (TAB V48/p7, para4) 

There is some evidence that Eagle Flight pilots were concerned about receiving IFF 
caution lights (indicating their aircraft was being interrogated). (TAB V33/Q261, Q272-
274) The frequency oft he "lock-ons'' and the corresponding concern for the safety of 
their aircraft and personnel was passed on to the CTF headquarters. (TAB Vl03/pl4, 
para3-S) There is no evidence that this concern caused any Eagle Flight pilot to tum off 
the Mode IV during flight. 

An indication concerning the operational status of the Eagle Flight Mode IV function is 
contained in the testimony of the F-15 flight lead. He reported he had received a Mode IV 
friendly response on his initial interrogation attempt, but had received no response on 
subsequent attempts in radar search and in radar single target track. (TAB ACSb) The 
pilot further indicated that he thought the initial friendly response was consistent with a 
known AAI anomaly. (TAB V26/Q35) However, the Board could find no evidence to 
support the existence of such an anomaly. 

Except as noted below, if the UH-60 Black Hawk's transponder Mode IV switches were 
turned off during flight, an interrogation of Mode IV by an F-15's Air-to Air IFF system 
would result in illumination of the Mode IV caution light. (TAB AA2l/p4-8, paraS-4.2.1) 
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However, the tear down analysis conducted by the Naval Air Warfare Center, 
Indianapolis, Indiana. on the transponder taken from the wreckage of aircraft 87-26000, 
revealed that at the time of the incident, the IFF caution light circuits were in positions 
which were not consistent with illumination of the IFF caution light. {TAB J2elp 1) 

The tear down analysis notes that the electrical circuits would have been in different 
positions if there had been an incompatible code interrogation, or a mechanical failure 
within the system. (TAB J2elp 1) lf the code is lost or the transponder experiences a 
hardware failure, the system cannot be staned again in flight. The code will remain lost 
until a new code is entered into the KIT I C, or until the transponder is repaired by 
maintenance personneL Eagle Flight could not have reloaded a lost Mode IV code during 
the mission, because the KYK-13's with the codes were secured on the flight line at 
Diyarbakir AB. (TAB V58/p3, para 1) There is no evidence that Eagle Flight stopped 
enroute to perform transponder maintenance. 

There are four switches which could be used to tum off, or change the operation of the 
Mode IV function. (see, Atch 5 (transponder diagram)) These comprise the transponder 
master switch, and three Mode IV function switches, the A-B-zero-hold switch, the test
on-out switch and the audio-light·out. 

The tear down analysis could not determine the position of the audio-light-out switch on 
aircraft 87-26000's Mode IV control. The audio-light·out switch is discussed first, 
because the operational setting of that switch may have affected the functioning of the 
Mode IV and the IFF caution lights during the mission on 14 April. The functioning of 
the remaining transponder switches follows discussion of the audio-light-out switch. 

The audio· light-out switch has switch positions which enable or disable various Mode IV 
caution functions. In the audio position, the Mode IV reply light and Mode IV audio tone 
are enabled. In the light position, the Mode IV reply light is enabled and the Mode IV 
audio tone is disabled. In the out position, both the Mode IV reply light and Mode IV 
audio tone are disabled. The press-to-test function of the Mode-IV reply light is also 
disabled. (TAB AA21/p4·7, para4·5.L4) 

Investigation by Naval Air Warfare Center engineers indicated that the "out" switch 
position may also prevent Mode IV cautions. (TAB J2e/p3, para3) The technical manuals 
concerning operation of the audio-light-out switch state that only the Mode IV reply light 
and Mode IV audio tone are disabled. (TAB AA21/p4·7, para4·5.1.4) 
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If it is assumed that the IFF caution light is also disabled when this switch is moved to the 
out position, the caution light would have been prevented from illuminating, even if 
presented with an incompatible code interrogation or a hardware failure. 

Testimony of the remaining Eagle Flight pilots esiablished that the practice in the 
Detachment was to fly with Mode IV on and squawking the code at all times, and that the 
pilots relied on the transponder caution functions to warn them of potential problems. 
(TAB V49/p2, para4; VSOA/Q47-50, Q67-68; VSI/p3, paral; VI03/p10, para2-4) 
Disabling the caution functions would have eliminated the pilot's ability to know when the 
transponder has failed or the aircraft has been interrogated by an incompatible code. 

In addition, the OPC ACO required all aircraft operating in the T AOR to squawk Mode 
IV. (TAB AA0Nol.2, para3o) Evidence indicates that, following an independent Air 
crew Training and Aircraft Maintenance Inspection conducted from 29 March to 5 April 
1994, the Detachment Commander (flight lead) and other members of the Detachment 
were commended for their " ... highly professional and safe mission accomplishment." 
(Atch 6) Disabling the IFF caution systems would be inconsistent with the assessment of 
the unit's approach to the conduct of a safe mission. The evidence suggests that it is 
unlikely that four Eagle Flight pilots would have disabled their Mode IV caution functions, 
thereby disabling the IFF caution light in a non-illuminated position. 

Assuming that the audio-light-out switch was not in the "out" position, and that the 
console IFF caution light was not disabled with that switch in the "out" position, the 
functioning and switch settings of the remaining transponder switches must also be 
examined. 

The transponder master on-off switch has switch positions for on, off, standby (for use 
during warm-up, or while on the ground), and emergency. If the master on-off switch is 
turned to the off or standby positions, no Mode codes are transmitted, and no 
interrogations received. However, even if the master on-off switch is in the off position, 
the console IFF caution light will be illuminated. The IFF caution light will also be 
illuminated if the transponder has a hardware failure. (TAB AA30/p7, para4) If the 
master on-off switch is in the emergency position, the aircraft transmits a special code 
received on Modes I, II, and IliA by all other monitoring aircraft, to include the AWACS. 
(TAB AA20/p3-65, para3-160) 

The evidence demonstrates that the Eagle Flight aircraft transponders were squawking on 
Modes I and II codes. (TAB Z4) Except as noted above, this indicates that the master 
on-off switch was not in the off or standby positions. In addition, there is no evidence that 
the emergency code was being transmitted by Eagle Flight aircraft, which indicates that 
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the master on-off switch was not in the emergency position. The evidence indicates that 
the transponder master on-off switch was turned to the on position, and that power was 
being supplied to the transponders at the time of the incident. (TAB AA20, p3-63, para3-
157) 

The transponder Mode IV function is controlled by three switches, including the audio
light-out switch discussed above. (see, Atch 5 (transponder diagram)) The first switch 
includes positions for A, B, Zero, and Hold. The A and B positions select the code for a 
particular day from among two loaded codes. This switch cannot be used to tum off the 
Mode IV function. The Zero switch setting on the transponder causes the loss of the 
Mode IV code from the KIT IC (Cryptographic computer). (TAB AA21/4-9, para4-6.3, 
4-7) 

The Hold switch setting is spring-loaded to return the switch to the A or B position and is 
used to hold the Mode IV code in the transponder during enroute shut downs. (TAB 
AA21/p4-5, para4-5.1.1) The switch setting cannot be used to turn off the Mode IV 
function. If the switch is turned to the wrong position for that particular day, the IFF 
caution and master caution lights will illuminate for 2.5 seconds when the aircraft is 
interrogated with the correct code. (TAB AA21/p4-8, para4-5.2.1 a) 

The tear down analysis of the electrical circuits revealed that the IFF caution light and 
master caution light were not on at the time of the incident. Except as noted above, this 
indicates that either the system did not receive any interrogation with an incompatible 
code; or it received an interrogation, and the codes set in the interrogator's and Black 
Hawk's transponders were compatible. 

Engaging the Zero switch setting will also result in the illumination of the IFF caution 
light. (TAB AA21/p4-5, para4-5.1.1) The system cannot be reset (to extinguish the IFF 
caution light) without either reloading the code or performing maintenance on the 
component. Except as discussed above, the evidence indicates Zero switch setting had not 
been used and the Mode IV code had not been lost at the time of the crash. (TAB 
AA21fp4-8, para4-5.2.1a) 

The final switch has positions for test, on, and out. The "test" setting of the test-on-out 
switch is spring-loaded to return to the on position following the self test, and cannot be 
left in the test position, if functioning correctly. The "out" setting can be used to 
separately tum off the Mode IV function. When the "out" switch setting is engaged, the 
Mode IV caution light is illuminated. (TAB AA21fp4-5, para4-S..l.3) As noted above, 
the available evidence indicates the IFF caution light was not on at the time of the incident 
and there is no evidence that Eagle Flight could have reloaded the Mode IV code or 
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performed maintenance on the transponder during the mission. Accordingly, it is unlikely 
the "out" switch setting had been used at the time of the crash. 

The capability of the IFF system to send a response through the IFF antenna and wiring 
system was also examined. The UH-60 Black Hawk uses essentially the same wiring and 
antennas to transmit responses to both Mode II and Mode IV interrogations. (TAB 
AAJO/p8, para3) There is evidence that both UH-60 helicopters were transmitting the 
proper Mode II code. (TAB Z4) Accordingly, the evidence indicates that its likely that 
the antenna systems were functional and were capable of transmitting a response from any 
IFF Mode, including Mode IV. 

As discussed earlier, there is no evidence that the Mode IV code loading procedures were 
defective. There is no evidence to indicate that the UH-60 Black Hawk pilots deliberately 
turned off the Mode IV code on both helicopters while in flight The available evidence 
suggests that the transponder Master switch and Mode IV switches were in the on 
positions and that aircraft 87-26000 was transmitting a Mode IV code. Analysis of the 
functional capability of aircraft 88-26060's transponder cannot be accomplished until the 
results of the tear down analysis are received. 

Line of sight interrogation/response. The AAI interrogation and response system is 
"line of sight" dependent. Either the AAI interrogation or the reply from an aircraft 
transponder can be blocked by atmospheric conditions, objects or terrain which interfere 
with the path of the signaL (Atch 7) 

The terrain along the flight path of the UH-60 Black Hawks is highlighted by mountains, 
steep hills, and narrow valleys. (TAB Rl) When operating in the TAOR in support ofthe 
MCC, Eagle Flight routinely flew at a tactical level, generally staying below ridge lines to 
avoid detection. (TAB VIOO/Q20; VIOONQ16,18) 

The terrain in the area of the incident, coupled with the low altitude flight profile of the 
UH-60 Black Hawks, provides some evidence that "terrain masking" may have prevented 
a successful reply to any interrogation by the F-ISs. 

Effect of helicopter low level night profile on the correlation between the F-15 fire 
control radar and AAI interrogator. The interrogator line of sight is controlled by the 
fire control radar (FCR) which must point the interrogator main beam at the target being 
queried. The fire control radar (FCR) used on the F-ISCs involved in the incident was the 
ANI APG-63. It is a multimode pulse doppler radar designed primarily for engaging high 
speed (i.e., narrow doppler spread) targets. 
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In this aircraft, the AN/APX-76 interrogator system is slaved to the FCR line of sight. 
The FCR uses the target doppler to track the target and point the interrogator (Atch 8, 
para2) Aside from the potential loss of line of sight due to obstruction caused by the 
mountainous terrain and relative low level of the targets, failure of the fire control radar to 
achieve and maintain a solid lock on the target aircraft could also have resulted in a failure 
of the AAl to display a IFF response from an interrogated transponder. (Atch 8, para I) 

Testimony of one of the F-ISC pilots indicated that at the range of the first interrogation 
of the Black Hawks, the FCR system was indicating a negative altitude for the helicopters. 
This is an indicator of an unstable radar lock (TAB V26/Q35) 

For slow moving, low altitude rotary wing targets, the doppler signature is dominated by 
rotor doppler of the helicopter, not the body doppler caused by the aircraft motion. 
Moreover, when tracking targets close to the terrain, the FCR main beam will also pick up 
a doppler return from the terrain. The terrain doppler return results from the relative 
motion ofthe ground to the speed of the F-15, creating doppler clutter from which the 
FCR must pick out the slow moving helicopter. (Atch 8, para 2) 

The ANI APG-63 can have difficulty locking on to slow moving targets flying at low 
altitudes. The problem is exacerbated by formation flight of the helicopters, because the 
rotors' doppler signatures tend to cancel in the center. The FCR computer will have 
difficulty identifYing a single doppler target, which will result in a poor lock. (Atch 8, para 
2) 

The APX-76 incorporates a mode IV automatic evaluator which supplies mode IV reply 
information to the FCR computer. That information is correlated with the radar return of 
the target that the FCR and APX-76 believe sent the mode IV reply. If the response 
received from the transponder agrees with the position of the target displayed on the 
pilot's radar scope within the "correlation window," then an IFF reply is displayed on the 
radar scope at the radar targets position. Conversely, if the IFF return and the radar 
return do not match within the "correlation window;" the APX-76 reply evaluator would 
present a no reply to the pilot (even though the transponder may have responded to an 
interrogation). (Atch 8, para3 & 4) 

When the APX-76 receives a reply, it requests the FCR to verifY that the reply was from 
that target. If the FCR had shifted to another target because it did not have a solid lock, 
it would declare that the reply did not come from the same "doppler target" it had 
interrogated. The APX-76 reply evaluator would present a no reply to the pilot. (Atch 8, 
para 4) 
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Interrogator side lobe suppression (ISLS). Each interrogation by an Air-to-Air 
Identification-Friend-or-Foe (IFF) Interrogation (AAI) system consists of a set of mode
identifYing pulses. Pulses are transmitted from AAI systems in beams referred to as 
"lobes.'' The main lobe is the beam with the greatest signal strength. All other lobes are 
referred to as "side lobes" or "back lobes." To prevent transponders from replying to side 
lobe and back lobe interrogation, the AAI system inserts an ISLS pulse. (TAB AA21/p3-
3, para3-5.5.2.1) 

When a transponder receives an ISLS pulse equal to or of greater strength than the Mode 
identifYing pulses, it will know it is a side lobe and the transponder will not reply. In areas 
where there are multiple interrogations occurring, the ISLS pulse reduces "clutter" on the 
interrogator's screen by eliminating side and back lobe responses. The ISLS pulse also 
prevents or reduces the chance that replies on the main interrogating beam from distant 
contacts would be inhibited, and consequently not be processed by the interrogator's 
processor. (TAB AA21/p3-3, para 3-5.5.2.2) 

If the radar lock by the lead F-ISC was made when his wingman was in a position offset 
to the side (90 degrees abeam), it is possible the wingman's IFF transponder signal was 
processed through the side lobe of the lead F-15's interrogation receiver evaluator. Ifthis 
occurs, the wingman's signal would be stronger and could cancel out any signal reply from 
the UH-60 as well as the wingman's signal. 

In addition, if the radar lock by the F-15 was done at an offset to the direction of the fire 
control radar antenna of the fighter, it is possible that the UH-60 Black Hawk 
transponder's response would have been prevented by ISLS, due to the fact that the main 
beam of the interrogator is in the direction that the fire control radar antenna is pointing. 
This would cause the Black Hawk to be interrogated by the side lobes of the interrogator, 
thereby causing the ISLS pulse to process a nonresponse by the transponder. There is no 
evidence available to determine whether the F-15 AAI interrogation (including the ISLS 
pulse) prevented the UH-60 Black Hawk transponders from responding. The interrogator 
side lobe suppression may have been related to the accident. -

The potential effect ofiSLS may also be exacerbated by the fact that the F-15 AAI 
receiver incorporates a Receiver Side Lobe Suppression (RSLS) function. RSLS is an 
interrogator system function that tests transponder replies to ensure they originated from 
the antenna's main beam. Two receive channels are used. One receives its replies from 
the "sum" or directional channel and the other through the "difference" or omni channel. 
The interrogator compares the level of the two channels. The "sum" or directional 
channel must produce the larger signal for the reply to be accepted. (TAB AA21/p5, 
Glossary) 

13 
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There is no evidence available to determine whether the RSLS function may have 
prevented acceptance of a UH-60 Black Hawk reply to an F-15 AAI interrogation. The 
receiver side lobe suppression may have been related to the accident. 

Mode IV signal canceUation. Also considered was the possibility that two aircraft 
operating in close proximity might cancel out or otherwise affect the return response to an 
F-15 interrogation. The UH-60 Black Hawk aspect of this issue was referred to the 
Project Manager, Aviation Electronic Combat, 4300 Goodfellow Blvd., St. Louis, 
Missouri, who provided a preliminary analysis that indicated that he had no evidence to 
support the existence of such a cancellation problem. An independent input provided by 
the Naval Air Warfare Center, Aircraft Division at Indianapolis, IN. The Naval Air 
Warfare Center report indicated that the AAl interrogator should have seen, at a minimum 
one valid Mode IV response. (Atch 2) 

The F-ISC manufacturer, McDonnell Douglas Aircraft Corporation, and the DOD IFF 
Program Office confirmed the theoretical possibility of reply signals from two close 
proximity targets interfering with each other and preventing the interrogator from 
receiving either signal. A DOD IFF Program office representative indicated a more likely 
possibility was that the interrogating platform would only receive one of the two replies. 
(TAB 010/p2, paral) 

Atch ~~ 
1 Tear down Analysis Facilities 
2 Interference Blanking Memorandum 
3 COMSEC Material Report 
4 Tech Adv Inspection 
5 Transponder Diagram 
6 Extract- Report ofCASSD inspection 
7 Extract - Line of Sight Propagation 
8 Interrogator - Fire Control Radar memorandum 
9 Tech Adv Qualifications 
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~.M. Yattor4, PK4-30~~~ 
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l.. ~ 9 May 19~-4 the t'O'l.lOVL'""lS CJU••t:iOh, trot\! t-o:.... RA.i.I'\J(ob.t~;~ \l.~o• poae::! 
cor.cerninq t.~e ep•ration o!' the A.NJ).t~-lCC (V), i:-: t.l"le c.emts:)(t or 
ovo~al1 &yste~ opwr&tion 1 i.e. th• 1nter2~9•t~re intorpre~otio~ o~ two 
aia~ltAnw~•. V~li4 XOPE • r••p~r.a.-t 

I! Poth ~~~·lDO(V)e were on, and in NODX • at thR ~1~ 
of the 1nci<ie..."lt at. !a51,.:.e e.t'J! reespc;n•JL"'tfJ to mode 4 int.errt91.tione, 
~uld the int•rrovator, i.e. the APX-76, rv~oqniz• valid ~ODE 4 

. respons<!liJi 

As•·~n; th.A<c b~-h trylt(;r.r.e (U:.• ir.te:rr~~t~r an~ 't:tanepon~•re) -we:-• 
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POST ACCIDE"'T NSPECTIO.\ 

L\GLE FLIGHT DETACH.\IE\T 
A\ 10\ICS OPER-\ TIO:\ A"'D .\l-\L'\TE'iA:"CE 

• 
Dt'i3.!ie: C';'era·~Jonalie:::.~mf a;;~ operat1ona! eYa.Juauor: v.as ac.:vmphshed on a;rcraf: 

sur.:rvabii!:~ a:~d commuruLC!IVr.~ eqUJpmem ins:aJJe.:, '?r.-: l11·60.-\ Black H2wk u1ill:y 
helh::m::e:; assigne:: 10 Eafie Filgh; detach.-nent located a: Divarbak.lr .-\lr Bast. Turkey 
Tes;m; anc evaiuwon was pe:;·,,rmec or, :b April ! o:~ h CW~ John Ha''· Pro_>tc: 
E.xecu::-.e Office Di\"lSIDr: .. -'.">tauon Eiectromc Cor..bz:. 5,: Low;. \ussou~. a!lC SSG 
Freddu: Holme:.. 4;h Bde. 3d lr~·amr:. Dtvision (\lech). Gtebelstad:. Germa~: The 
purpose of the tesung wa:. to de: ermine the operation!) s:an:s of the aircrafL tdent!r\ 
mat!lte:-Jance deficiencies. and evalua1e maintenance personnel knowledge of main;enance 
procedures on communication and aircraft sur.ivabiil;' eq<.Jipment Aircra.;'i inspecw~ 
were serial numbers 87-24656. 8i-2600L 87-24555. Sc-]463-l 

hems checked 

a A'-." . .I,LQ- J 4~.-'. Passi,·e Jru'7;; Red (IR) Co:.: me; \Ieasure s,·s:err._ Pro\·Jde> 
hehcO;'te:- protection again5~ ls: an.:! :!nd genera:ior: lR m:ss::;es. ope~ating in ~ar;js. L __ -'· 
and ...j A.:eas co\erej 

(!1 S\·stem Operatior. 

(:;1 Jam Code Sel!i:Jg 

13) .1\Jr crew knowledg~ 

1..:' l"nit equiomen; testing procedures at A">la:io~. L"ni: \laintenan~e (A\ 1..-:\lt 
Je,·el and A\·tation lntenned1a1e \la.m:ena.nce (A\ l..\l1le .. e: 

b M 130 Chaff Dispenser system. Pro\ ides aircraft protection against radio frequency 
(Rf) systems by dispensing Rf reflective material into the atmosphere to inhibit threat 
radar lock. on aircraft Areas co,·ered. 

( l) System Operation 

(2} Program Salvo/Burst Setting 

(3) A.ir crew knoV.ledge 

1.::! l nit Equ!pment testing p:ocedures a: (A\ 1.."\11 and (A \"L\1! ie-. e: 
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c A '\1 APR-39 AIV)l Radar Warning Receiver Syster:l Detects Rf radar signal and 

provides the air crev. a vi sua! dispia' of thiea: radar signal :\reas Covered· 

( l) S\S!e:7. Operation 

(: l s,ste:n Installation 

(3) Emine• ldentificauon Data Versior: '\umber 

( -1) Alr crew knowledge 

(:5) L;nit Equipment testmg procedures a; (A \'1.~1) and (A \T\1) level 

d ARC -l ~ HA. \ 'E QUICK l (HQ!) UHF Radio. Pro\1des UHF Amplitude 
Modulated air-to-air and air-to-ground radio communication:: and communications on 
Guard c emerge~,:~ frequency! The A.RC -16..; has aHA\ 'E QLlCK mode (ami jarr: > 

v..ruct: ws.es 2 f:e:uency hopping rr.e:hod to c::-.2.. the freq:.1en.:y seh::..:-1e: many tirn:;s a 
seconc' .A.reas covereci 

I l) Svs:e;n Opera:io:1 

121 :~ir ere·.~ kn0\\iedge 

c ~ 1 lJrJ: Eqwpment tesw;g ::rocedu•es a: (A\ 1. :.11 ar.d (A\ T\ 11 le\ e' 

e AX .. .IJ>\-100 Transponde~ Svstem P:c:\ides automatic radar identification of the 
aircra."lto a!! suitab!' equ1pped challenging a:;:raft. surface and ground facilities \\ithi:J the 
operating range of the s,·stem A;e~s covere;:: 

( l) Sysw;; Opera:ion 

(2) Code Setting Procedure 

(3) Air crew knowledge 

(4) Unit Equipment testing procedures at (AVUM) and (A \T\f) leveL 

3. Results of testing and evaluation. 

a. ..1._ '\'A.LQ- I-i-i:\ (para 2a ) All areas ir,spected were being corieeth accomplished 
in ac.:0rda:1ce with T\1 I 1-5865-:::(:-12 and T\155-15::'0-::'37-JO 

b \I 130 qma 2b) .-\11 areas inspected .. ,e:e being correcth acco:n;::'s:Ced in 
accor.::a:Jce with T\19-1095-206-::'3. T\19-..;.:0-10-497-13 and T\155-15::'~-:37-10 
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c AcV APR-39 A(\') I (para 2c ) All areas inspected were being correctly 

accomplished in accordance with appropriate maintenance and operator manual> 
Hov.e,e; the A.'\·'.AJ'R-39 A(\')l self-test on aircraft 8~-~463-l indtcated the processor 
failed the memo:-.. tes: Eagle mamtenance perscnne' cha~gec proces;or The A'\ .-\PR-
39 A(\.ll on ~rcraf. s-:-.~4634 passeC the sei:~~tes,: Se;{~te:=:t w!!; res~ the fPi l:'G O~spl2y. 
processor. and frontreac receJ\•ers 

d ARC -16-l HQ I (para 2d .l .-\1: areas in;peeted were bemg correct!v accompl:shed in 
accordance with appropnate maimenance and operawr manuais HQl is instaliec on the 4 
FH 60 atrcran evaluatec The F-1 ~ aircrafi and AWACS aircraft are equtpped witr. 
HQII The ARC-IN HQI is no: compatible v.ith the A.RC-164 HQII. however. ARC-
164 v.ith HQ!l can be adjusted to be compatible at the unit ieYei to operate v.1th the ARC-
164 HQL 

e A;'.;!,AJ'X- 100 (para ::!e l Al! areas inspected were being correctly accomplished in 
accordance ~~ith T\1 ll-5S95-li99-J: and T\1 5:.-l5:C•-:3i-l(• 

4 Determination 

a ir..., ..... ;; su~'l\"a'b;''f\" ~q· .. ::"'!..,.-->n· l?•·lr;r·· .. ,--')~ 'l~? (.;;..,.: c~.::.. .. -:.·iona: ..... ,;;, • \..JG.~t ,, do •. ..._ ;..;;:--"'ll'-'. ,,_.,\.,; ..... ~J ·"'~~ ~ ... • ·,,i c lr.._; ...... ,, : !.;!,,. 

perceni operational rate io~ a\·iv:-~.:s uf)vr: c;:;;-r.pieiion of in~?ectiC·;'i 

b Lnit personnel l'oere operauonali1· knowledgea!:tle on all communica11on and 
aircraft survi\'ability equipinem systems S1·srem operation and maintenance status on all 
communication and aircraft survi\'abih:y eqUipment was found to be correct!: 
accomplishec The processor which failed were the oru\' piece of equipment that was not 
iound 10 be fullv operational As stated preYtousiy. i: wa> replaced b1 maintenance 
personnel which made the S\'Stem operador.i There wa:; an Armv Khooi traine.:: 
Elecuor~c Warfare Of!ker (E\\'0) who was assigned 10 Eagle Fitght Detaciunem. on· 
board the lead lJH-60 helicopter at the time of the accident. . One of his responsibilities 
was to insure unit personnel were knowledgeable on the operation of aircraft survivability 
equipment. 

/JL,;' z5 7{£( 
.AOHNB_~( 

CW2, USA 
A' iation Technical Addser 
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DEPARTMENT OF THE ARMY 

Headquarters V Corps 

• 
Corps Aviation Safety and Standardlzation Detachment 

APO AE 09ltl5 

AETV-AV-SS (95-1) 11 April 1994 

MEMORANDUM TERU Deputy V Corpe Av!a~1o:o O~iicer 

FOR V Corps lnspector Ge:oeral 

SUBJECT: Trip Report, Operation Provide Comfort 

1. Unit visited: 12th Aviation Brigade Detachment in support of 
Operation Provide Comfort. 

2. Dates of visit: 29 March - 5 Apl'~C 1994 

3. Purpose of visit: Conduct on site inspection of aircraft 
maintenance and aircrew training. 

Personnel from CASSD involved: ~~4 Manr. and MSG Wachtarz 

5. Entry/Exit Briefings: Conducted entry briefing with CPT 
McKenna (Detachment Co~~ander) on 3! March 1994. Conducced exit 
briefing with CW3 Holder (Operations Office!') and CW3 Henry 
<Maintenance Officer) on 4 April 1994. CPT McKenna was required 
out of sector on 3 and 4 April 1994. 

6. Findings/Observations: 

a. Maintenance: 

( 1) Four UH-60 aircraft historical records were 
reviewed. Even with personnel rotatio~ requir~ments, the records 
were maintained ef!iciently. No deficiencies were noted in two 
aircraft records. Four minor discrepancies, details at 
enclosures l through 4 (Tab Al, were noted in two of the aircraft 
records. 

(2) Aircraft six month files were well maintained with 
no deficiencies noted. 

(3} Three aircraft equ1ped with the Auxiliary Fuel 
Monitoring System were inspected with no deficiencies. Aviators 
responded that the system is very dependable. 

(4) In May 1994, the Detachment will loose a highly 
qualified person (MOS 76Yl to maintain tech supply. 
Additionally, the Detachment will soon convert to the Unit Level 
Logistics System-Aviation (ULLS-A) computer system and this will 
require that a highly qualified individual is available to 
establish and maintain the new system. 
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AETV-AV-SS (95-1) 
SUBJECT: Trip Report, Operation Provide Comfort 

( 5) MW~ Ma~.n conducted P""- i light inspect 1 c~, cc. three 
aircraft and flew twc of the sirc~a~t. All airc~af~ i~spected 
were very clean and appeared well maint~ined. Both t~~ 

Detechme~t maintenance personnel and t~e Serv-Air pe~scnnel 
distinguished themselves by their resp~nse time tor ma:ntenance 
assistance during miss1on pr~parationE. Appropriate personnel 
should be commended fo:o their efforts to ~;,sure that t!-.e aircraft 
were on time and mission capable. 

b. Flight Standardization/Aircrew Training Progra~: 

()) Per the recommenda:ion of the CASSD, the Com.'nander 
C/6-159th Avn Regt is maintaining all Individual Aircrew Training 
Folders CIATF) at the unit's home base. Inspection o! IATFs was 
completed for this unit 9-14 January 1994. 

(2) Both the mission SOP and the Night Vision Goggle 
(NVGJ SOP were reviewed. Both SOPs were well ~Titten with clear 
and concise directive information to conduct both the c~ssion and 
NVG training. NVG training and operational requirement~ 
established in the SO? are in com?liance with current ~A. 
USAREUR, end V Corps NVG directives and guidance. 

(3) The inspect1on teac was provide~ the oppor:unity to 
participate on a flight mission. Individual fll&ht evaluations 
were not conducte~. CPT McKenna, WOl Garrett, CW3 Holden, and 
their crew chiefs/gunners should be commended for a highly 
professional and safe mission accomplishment. Du~ing a very 
tluid env1ronment, from the miss1on briefing through the mission 
debriefing all crew members demonstrated only professional 
concern for mission accomplishment w1th no deterioration of 
safety. 

7. Operational Observations: 

a. The 12th Avn Bde currently has one liaison officer (LNO) 
on station at Incirlik Air Base. lLT Geis should be commended 
!or his exceptional coordination efforts for the team's visit. 
lLT Geis exhausted all means in an attempt to keep the team on 
schedule and provided the team with indispensable assistance. 

b. The Combined Task Force (CTF) Commander has established a 
minimum enroute altitude of 4,500 feet above ground level (AGL) 
tor the Low Level Transit Routes (LLTRJ that the £agle Flight 
Detachment utilizes. The team was briefed that this altitude 
restriction was established to provide protection !rom the small 
arms threat environment. 

2 
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AETV-AV-SS (95-1) 
SUBJECT: T~ip Repo~t. Operation Provide Comfort 

c. The lnterp~etatio~ o~ the cu~re~: Air Coo~dina::c~ Order 
CACO} requ!~es the airc~af~ tc accom?lls~ a~ ex~reme ra~e o~ 
decent upon a~r1val and maximu~ cllmb ~a~es at the Tur~ey/lraq 
boarder. 

d. Mission aircraft a~e not config~rec with long ~ang~ 
communicatior. equipment. 

e. Mission airc~a!t are currently configured with the 
Trimble Navigation T~impack global pos!ticnin~ system (GPS) 
equipment. 

!. Mission aircraft are currently configured with the 
External Range Fuel System (ERFSl. 

8. RECOMMENDATIONS: 

a. That the 5-!58th Avn Reg: and the 12th Avn Bde assis: 
C/5-l59th Avn Regt in prov1d1ng the flight detachment with a 
highly qualified individual io convert to ~he ULLS-A system end 
to ensure tr.at t~e tech s~pply is ccntinueC tc be maint~ineC in 
an appropr:ate manner. Anothe~ option. that the 12th Avn Bde may 
consider, is adjusting the Se~v-Air contract fer en additlonal 
individual to perfo~rn these !unctions. 

b. That the 12th Avn Ede conside~ providing an assistant LNO 
at Incirlick Air Baee. Many o! the observed LNO duties kep~ lLT 
Gels out of the office. Attempts of telephone communication were 
many times delayed due to these "ou~ of office' require~~n~a. A 
senior NCO (SSG o~ above) should provide sufficient manpower 
requirements to maintain co~~unication and ase:st with the 
numerous duties being performed by this office. 

c. That V Corps coordinate with USEUCOM and CTF to conside~ 
lowering the minimum enroute altitude on the LLTR from 4,500 !eet 
AGL to 2,000 feet AGL. See enclosure 5 (Tab Bl !or detailed 
discussion and rationale. 

d. That V Corps coordinate with USEUCOM and CTF to change 
the ACO to read that descents may commence at turn point tour on 
the LLTR to no less than 2,000 teet AGL at the Turkey/Iraq border 
and that, on return, a minimum altitude of 2,000 feet AGL be 
achieved at the Turkey/Iraq border with the cruising enroute 
altitude of 8,500 feet mean sea level (MSLl achieved at turn 
point 4 with weather permitting. See enclosure 6 (Tab C) for 
detailed discussion and rationale. 

3 
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AETV-AV-SS (95-lJ 
SUBJECT: Trip Report, Operation Provide Comfort 

e. Tha: V Corps assist the 12th Avn Bde and the 5-158 Avn 
Reg: in obtaining long range radio co~~unication !o~ the 
D&tachment airc~af~. e!the~ Sa~ell1~e (ommunicatlor. (SA:COM) or 
Hlgh Frequency (HF) communication equipment. See enclosure 7 
(Tah D) tor detailed discussion and rationale. 

' That V Corps assist the 12th Avn Bde and the 5-158th Avn 
Regt in obtain1ng an integrated GPS navigational systec for the 
Detachment aircraft. See enclosure 8 (Tab EJ !or deta~led 
discussion and rationale. 

g. That 12th Avn Bde and the 5-158th Avn Regt consider 
replacing or augmenting the ERFS with the internal "Roblnson· 
extended range fuel system. That V Corps assist in ob:aining the 
requ:red system(£). See enclozul"'e G ('Tab FJ !ol"' detailed 
diec~ssion and l"'ationale. 

h. That CPT llc:Kenna, CW3 Holden, ar:.:: the memb,rs o: both the 
rear and fol"'ward Military Coord1nation Centel"' (f..!CCJ be cotr..mended 
for their extraoPdinary e~foPls to ensure that the ins;ecticn 
tea~ wag afforded eve~y oppoPtU0ity tc revi~w all aspec:s of the 
Eagle Flight Detachment's opera:icn. 

9 Encls 
as 

CF (w/enclsl: 
CDR, 12th Avn Bde 

v'CDR, 5-156th Avn Regt 
CDR, Clo-l59th Avn Regt 
DET CDR 

I 

~~ 
MW4 (f). USA~ 
Team Chief 
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GENERIC 

INTERROGATOR LINE OF SIGHT 
(LOS) 

GENERIC 

INTERROGATOR ANTENNA PATTERN 
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/ REARLOBE 

/ 
MAIN BEAM 

SIDE LOBE 
' 

THE INTERROGATOR LINE OF SIGHT (LOS) IS DETERMINED BY 
THE AXIS OF THE MAIN BEAM OF THE INTERROGATOR ANTENNA AS 
•• 'S ... A' • EO o·· ...... tr- u,.... .... ,..,. ....... "T"9-,............ ,.., tr- "'',.....reT·"" ... nr- 'T't_:r- I 1""\C" 
II~ I LL , ... I nt:: .;;:UniU rL...I-'\ I rVnfYL I I'lL Vff""':C. • IVI'f VI" I I L LV...> 

IS NORMALLY AUGNED WITH THE WEAPONS TARGETING AND/OR 
SIGHTING SYSTEM SUCH THAT THE TARGET BEING ENGAGED IS THE 
BEING INTERROGATED. 

• 

• 

• 
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DEPARTMENT OF THE ARMY 
PROl!CT ... AIIAGER. AVIATION ILICTROI<IC COMO AT 

«J~ GOOOHUOW JO:JLIVA~D. S1. tOUll, MO U120·11~S 

McMORA.'\DUM FOR ACCJDE~T JNVESTJGATJON BOARD 

SUBJEC..I: D;scuss;or: o: lnterrog~lrl: ~n::l Fiie O.m1ml Radar (FC:R) )lllc~a~liur. 

• 

l. The interrugxtur llr:e of sight IS controlle<.l by lh" f>re connol 1 ada: (FCR) wilicll m~s: p:w;: :h~ 
interrogalOr main be;;::;~; th;; 1argc1 being qu<::·1e~. Asit.lc frum tlJ~ JlOle:lti"lloss of l>r.c n' s:g::: 
due to obslru\.lion ca•Js:e:l by the mountainou> i•!!rhin anJ rcl~1ivc it)·.,· Je,·ci oi thr '"I'JF"'· fiiilurc 
of the f:x conro; rnd~~ 1~1 F;~hlcvc and :n~:r.u:;:: a s~:did !o~!\ of t:~L: tt1~g~: r.r:t.::nft c.:ould e!s:; o;;:,::~~
ii 'oss o~· J::-:c ;Jf sigh~ :;7" c:;u!d hH\'::.; n.:~ultcC i:~ fa:h;~C tw ;~-;rr:.:1~:;.: rc:-p;);:.'.: r.::~ Jr.:c;Tnt;.-::1(;;:. 

1. The FCH llSCd or: lb~ F·l 5 involved in th1s incidcm "'~-' th~ AS/APG·61. This is lh~ vn"i;oo! 
ra..4t.r SUI~""ll 01 ,~1 \\'l'th !;...;(;" 2 1 ~"""~;4f! ~ 1 l~ 'sOl"";'~"{ d~ .. ~·p·s· jf IY)i th .. fjf'S' FCR 10 l::·"h;ey·~:,. ir:Jk~~·~·xn Ua rt' ,.. · •• .... ,,.,_ • tl, v, •. _. v. ~f.,.. • •· • • • ""• '" • • v l \... .. ·~ ... .. 

s~n0 1 r<...,._t.:n ,....""a'"'; 1;·, J· 'S 1:1 mult·:r:·~..;,. D' ·~"" .~."'lp···,.., rn .. 'a· tJc..,:o.n1 ... ~ rr··--:.··! 1\ :.,. ":1:"1~ .... ,r.., ... -2 1' .•• ·~ .~u._ t ~~:· :.......... , , ,; , ;, •'''-·'-' ~ •t::;.. ~ .. ,.;:~;, .... , ~·~; ... ~ / :,,, ... , !. J.,,. \.., :-r._:.. ·O ....... .. 

S 'l""~ (l. 0'-'•'r,~,q,: c· .......... ~,.. .. ": ... eo·IJ t~!"-'t<'\1t• l ... ·t;·c. .. j .. ~-::.•· ~I'" A"'..; 'A..PX· ""(.. ; .. ! ~· , .......... ,..:.-.• .... t , ... _ IS :~'\_ . ..... ""·~· """'r':-''"";-;-'> .;;~..., ... 5 .... ~ .. oJ.,, .. a .............. . ,, , .,., ... ~.; • ..,.~ ... ,·.-.~}:. ...... .. 

slaved to tf:(' FCR f::-:e o~· s;gh:. Th: FCR est:.:' the large~ Copp!:I H:> llt!;;k th: ~nrge~ ;n~C pJtl:: t:u: 
ir:tt~rrn~:.t~:");. 1~:ge:s =~c jdcnufi~: i~ the FCR \.:um::r.Jt:: by the:: dop;~!:!r. Fo: f1xe..: wing terg:ts 
operating at i:igh sp:;:.z.j an::! at a hi tudes tho: ;;lace grnund clultei dvpplcr ou• of tll~ FCR ms1~ 
bcHm, the dopple~ s!g:-:e:urc i> fairly tlistinc!iv~ and CO\'ers a n~rrow dopple: frequ~ncy >:J~ca:. 
Fnr slow tnO\'ing lO\ ... ah!wde rotary \\'ing H1rg\:l~ h:nv~ve:. the dopp!:::: sig;lftturc ~~ C;:~r.:H~!ut·d D:• 
rolor dopplc: of 1l1e hcll;;cp:cr no1 the hody tJnppkr c~~>t:..! b) the aircraft motion. Add:ticm~!ly 

v..··tt~ targets ClOSe to the tcnein th:: FCR m;:.n b~~:r:; will b: p:ci<fnE up t dop?le1 ret;;:-~~!::.~~:~ 1:::: 

tcrrn:n resuhmg frurr: the re.:a:ivc mo~ion e:f lh~ gro~,.;nJ 1u the s;.;eeC of Lhc F-15 cre8tir.g d:1pr.L.::r 
(;Juner from which the fCR mu>< pick OU! the slow r;mvitlg hciiwptcr. R~dars sue f. as t!:c. 
AN/APG·63 will hw•c difficulty locking unto slow moving largcts in_thi~ situRlion at altitudes 0f 
150 lccl or lower. Formatton flight of the heli">j1Hors also complic,;~tcs the situatiou because~~~ 
rotorn doppler sign~ture which will dominate lend tn c<nc;;l in the center (i.e. passage of rnln~ 
moving in opposite directions). Th~; rc.:;;ulting 1111gcr doppler p1cturc prc~cmcd 10 1hc FCR 

computer will be chorac,;terizcd h>· a broad dopplet ~p~clrum which will be varying making it 
difficult for the FCR wmputer to identify it as a ~ingle doppler target Me tesull in a poor lock. 

3. The APX· 76 inco:porRtes a mode IV automnt!C evuluator which supplies mode IV reply 
information\() the FCH computer to he correlated with tile doppler o;· the target 1hr.: the FCR end 
APX. 76 bclil:vc scr:: :he mode IV reply. In tl:e event thuith~ FCR b&:. • number of p:>t~:::i~: 

doppler lurgcts (e.g. from c. broat! ~r'-'~lrum let get) Bi !lie same o' nc~rl; t!:e same range the FCR 
will not b~ ar·i~ to cn~relatc a voiid mmk JV rc:p!y '''lib the tP.rgct~ uoppkr. ln n~;~ ~iiua;ior. 
without a St>l!d 1:->ck the APX· 76 roulrl p~c..:;cn< ~no re;;ly to th<: pi h)! eve::; thoJgh th~1c w;,, r. 
valid reply. If the FCR did not have a solid lock on tk t~rgct when the irncrrogator >c;:: iL' 
intcrrogalion the FCR would not be able tu correlate the reply tv the 1argc1. 
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SF AE·A V -AEC 
SUBJECT: c ISC~SS!On of Interrogator enc Fire Contr_ul Rttdar IFCR) lnte:iH.:IiD~ 

In til is siwaticr: "ht:J !h~ A . .PX- 76 receives r. reply h rclju~'t> the FCR 10 vc:if~ the: !he rc;J:; wbs 

from thai targ~•- 1f 1ile FCR hac shiiled 10 another targc! b~ause i: tliJ no1 hhve a soii;:' inci: i: 
\\'C'ultl declare tha: !he reply diu no: come fror.: the sr.:ne ··oopplc: :arge:" n had intcrrog•'.~:::. 
The APX-76 reply cvolua:vr wuuld pre.,ent <1 no reply \0 the pilo:. 

4. The. 3h::Jvc d!sc~:ssior: simplifi.:s in the c:-,:rcm~ a very cDmplc' ~ituatinn antl t:•n n::: 
co;;:lu$lvcly \l:?.1ermme thtt thls is in fact wh?.i happened 1o {;dus:: a fe!leC tcsp.ons:; H.> v::!i~ 0-ndc 
I\' p·"· 1'"'1'f'H1Ht;)rl' '.\'he'!" rhe 1e is ...... ~~·v ,·n-1,· .. ,., 11·11". il'lnl tlle"e \\.'{.;~" ~Jsn \'l;lli .... "!'Ode ]V IC'!J~ .. s h"'•t'"" ,~ ....... " 0 • 1. ,. . .• • . • 1.. .... • ,.u ._;;;. .... n 1 • .... .• '-' 1., l ,,,... 1 .,., •E 

lr~nsmi\lc-1 by \he ~ir::rafL The d1sc:.:ssion d:.>es however prcs~r.1 & p:bsibk explsnH~<v:l ni whM; 
could ha\'l! cat.:s:j c fr:il~d rcsnor.s:.:. A m0rc deta!led llna!· .. ·;;;s <:f the ~it1:snion i~ bcinr: c.0;1ducte.c 

' ' -
llY h.1ih )\;2v;· f.!;:! Pdr l'urcc cxp.;r.s on 1hc.sc S)'Stems ~!,J will b~ >up;; I Je-d ;,s soDn ~~ cvrr:pic;:;;: 

~ Point c! ccr;~~:: o:: thiS m~:tcr i~ \1L \1/i!l:c;n Sit:hl)!s:m~ DS.'\ 6~~-533.:. or ~i.H:1:-::c:..::2. 
(:;1~} 26."1-55:'4. 

{/L?-(#L·~ 
Tli0:\1AS E REr~KOI3ER 
Colonel. A da110n 
Pro.icct Mam;ger 
Aviation Electromc Combat 

I 
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STATDIE~T OF QL~LIFIC.-\TIO\S 

I a::: (\"•:: John B. Hall. assig::~.::' to the Project E~e:un'e Ofiice ProJe:t .\lan2for 
A\·i.:!~lor. El:::.:tronic Comb;:;i iP\~ AEC1. S:. Locis. \10 as: an eiecuoni~ \\arfa;c 0f;lce: 
i .l.."'r1::: te:r_··u.,;:;) adYisor to th~ :\F~~ ll 0~ i; AccJCcn: Bo:;;: JD\·~stig:Hmf: the- cr2sl-. o:- t\\0 

l'S .-\::-:-::-· Bbck Hawk heiicopie~s and th~ ;-ossib;~ in·:c!\tr::e::~ o:-L·s nghte:- o.;::-:~:tf: l:-: 
the cr~sb 0:-these he]Jcopters 1:, nonhem no~fiy zor:e o:Ir=:~ on!~ Apr 9.;. I h.::Ye 
ane:~cied tf.e 0:a\·y Electronic \\,·ar:.:ue cou;se at Pens3coLa '3\·a~ Air SL3tion a.r1d th:: 
\1uh:~Srtc~ra! Eiec~ron)c \\.a:-:·ar;; course a: (te.:>r~::- \\ as:-.;r.gtoi: L:ru\·ers:::·. 1 h:;\·'!" 
served::: yea:s as a electronic wa.::·are of;Jcer at b2rt2.ll)i: acc.d k,e:. J hl\"e ser • .;;.' 
:: yelfs as an assistant program m::.nager a: P\1 .-\.EC wn:~ t;le task ofuaininf: elec<ror.i~ 
wlffare oflicers and assisting in th~ de\eiopment of a.:,an~ed electronic wlffare 
equipmenL 

/ L/ t?f't?.., t 4"' 
(D.liE) 

I " 
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3 May 94 

MEMORANDUM FOR DEPUTY BOARD PRESIDENT 

SUBJECT: Property Damage 

I. An assessment of private property damaged at the accident sites of the two Black Hawk 
helicopters is: 

a. Site #I (MFI77698) 

- An onion field, approximately 50' by I 00' in size 
- Scorched ground, approximately !50' by I 00' in size, caused by aircraft fire 
- Gouges in the ground due to the impact of the aircraft 
-Approximately 3 trees (about 8' high) burned by the aircraft fire 
-Fuel spill that killed vegetation in several places ranging from 30 feet to several feet 

in length along the right side of the ridge line (along the flight path) 
-Pollution of ground and stream at point of impact from fuel, oil. hydraulic fluid, and 

composite materials (aircraft debris) 

b. Site #2 (MFI93703) 

- Scorched ground, approximately I 00' by l 00' in size 
-Three (3) trees cut in half(originally 8' high) by the aircraft's rotor blades 
- Gouges in the ground due to the impact of the aircraft 
-Approximately 10 trees (ranging from 5' to 8' high) burned by the aircraft fire 
-Pollution of ground and stream near the point of impact by fueL oil, hydraulic fluid, 

and composite materials (aircraft debris) 

2. This assessment was conducted by myself and CWS Dan Medina of the US Army Safety 
Center on 26 Apr 94. 

'Q:Q ---· 
LE~~YER Lt Col, USA 
Technical Advisor 

I 
I 
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MEMORANDUM FOR ACCIDENT INVESTIGATION BOARD/ Lt/Col Lawler 

FROM: Captain James E. Hurley, MCC Contracting Officer 

SUBJECT: Estimation of Damage caused by the Two Helicopters 

~. Presently I am Squadron Commander at Goodfellow AFB TDY to Zakho Iraq as 
the MCC Contracting Officer. My background. I have an undergraduate degree in 
engineering and an MBA. My first three years I was a navigator in a C-130, then 
medically grounded. My last eight years I have been in the acquisition career 
field. 

2. A claim for $100. 00 to pay the land owner was negotiated and paid 
immediately after the crash for site one. The climate/tension and the need to 
have the local community work with the coalition to provide security and help 
with the immediate clean-up prompted a quick amiable settlement. I feel the 
amount paid was fair and reasonable to both parties. 

3. The helicopter crash at site two in my estimation caused no financial 
burden to the land owner. The steep hill was not tillable therefore unusable as 
an income producing property. 

4. Actual pollution seemed to be held to a minimum. The first people on the 
site stated to the best of their knowledge all the liquids (fuel, oil etc .. ) 
burned immediately. 

_j!_ c;La 
JAMES E. HUR EY 
Captain, US 
MCC Contracting Officer 
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MEMORANDUM FOR RECORD 

20 APRIL 1994 

SUBJECT: PAYMENT FOR DAMAGES 

1. Farmer approached our interpreter (Shafik Taha Ahemed) 
concerning the damages to his farm land. Mr. Ahemed asked the 
farmer (Mr. Mohammed Amin Khorhid) what a reasonable price would be 
tocompensate his damages. 

Damage to onion field and crop $50.00 u.s. dollars 

Removal of helicopter parts $30.00 u.s. dollars 
Any debri after investigation on his land affecting 
his farming 

Damage to fence/support structure $20.00 u.s. dollars 

TOTAL $100.00 u.s. dollars 

2. To verify this farmer actually 'Owned the land Mr. Ahemed 
inquired within the local community. All the responses carne back 
affirmative, Mr. Khorshid does own the land. 

3. Mr. Ahemed contacted me with the above imforrnation and asked 
what to do. Considering the situation I felt an immediate 
settlement to be prudent. The settlement is fair and reasonable. 
The farmer became more amiable to working with the coalition in 
terms of tying up his land for an extended period of time. 

Lt-E!!u~Y. 
MCC, CONTRACTING 

CAPT, USAF 
OFFICER 
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MEMORANDUM FOR RECORD 

16 APRIL 1994 

SUB.JECT: PAYMENT FOR DAMAGES 

1. FINANCIAL DAMAGES TO dinJwaunecl Arnt'n kbor.rh.-JoNION FIELD 
AND PAYMENT FOR-"REMOVAL of;. THE HELICOPTER .IS SUMMARIZED BELOW. 

DAMAGE TO ONION FIELD AND CROP Co/ 
COST OF REMOVAL OF HELICOPTER PARTS 

~ ADDITIONAL COSTS (SPECIFY BELOW) 

3o / 

2. PAY}lEN1' OF THIS DAMAGE CLAIM CONSTITUTES FINAL PAYMENT FOR THIS 
Hl\TTER; FARMER AGREES THAT NO ADDITIONAL CLAIM HILL BE SUBMITTED TO 
THE US OR ANY OTHER COALITION GOVERNMENT. 

SIGNATURE OF FARMER 

NI\ME OF FARMER 
I 

SIGNATURE OF US REP 

tii\ME OF US REP 

SIGNATURE OF WITNESS 

NI\ME OF vliTNESS 
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