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PREFACE 

This report is based on a concept originating at the Air Force Armament Laboratory 
te obtain aircraft/weapon separation data under dynamic conditions. The subsequent 
■mplementation of this concept was funded as a part of Project 670A, Task 08, Work Unit 
001. Work was accomplished by the ADTC Engineering Division, Airborne Instrumentation 
and Physical Sciences Branches. Mr. Carlos T. Gallegos, Mr. Jerry A. Wright, Mr. Jerry C. 
Hattaway, and MSgt Joseph A. Tremblay of these organizations performed the major portion 
nf the TER-9 design and buildup. Mr. Wright remained with the program throughout the flight 
test phase as the prime Eglin Test engineer. 

This technical report has been reviewed and is approved. 

0 rector, Weapon Systems Analysis Division 
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SECTION I 

INTRODUCTION 

A very limited body of data is presently available on the magnitude and variations of forces 
and delays inherent in an aircraft/weapon release system under dynamic conditions. These 
measurements must be made (or estimated) before the extent of associated weapon delivery errors 
and their contribution to system accuracy and weapon effectiveness can be determined. 

A program was originated by the Air Force Armament Laboratory (AFATL) in August 1969 
to design and build an instrumented triple ejector rack (TER) capable of measuring release timing 
and separation forces in a dynamic environment. In the early stages of buildup, a joint agreement 
was made among AFATL, the Air Force Avionics Laboratory (AFAL), and the Air Force Special 
Weapons Center (AFSWC) to include the resulting TER 9 as a subsystem of the Close Air Support 
System (CLASS), which was scheduled for flight testing at Holloman AFB, New Mexico. 

The TER-9 was static tested at Eglin AFB (Project 69DFV008) during November and December 
1970, and active flight testing began at Holloman AFB on 19 May 1971 and continued until 31 May 1972. 

As interest in the instrumented rack concept increased and funds became available, a Munitions 
Delivery Accuracy Program (ADTC Project 670AG018) was established at Eglin AFB to compile 
and analyze all available munitions delivery accuracy information obtained as by-products of test 

programs at the Armament Development and Test Center (ADTC). Included as part of this pro¬ 
ject was the design, buildup, and flight testing of two additional bomb racks to supplement the 
TER 9. Both a MER-10A and a MAU-12B/A have subsequently been instrumented and will be 
available for operational use in mid 1973. 
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SECTION II 

DISCUSSION OF TER-9 INSTRUMENTATION 

?c*ober 1969, formal approval wai, given for the design and buildup of the instrumented 
1 oomb rack. The following requirements were levied for eajh of the three rack stations: 

(1) Measure forces on all four sway braces. 

(2) Measure forces on both hooks. 

(3) Measure pressure in ejection chamber. 

(4) Detect pickle, cartridge fire, hook opening, and mechanical linkage event times. 

(5) Measure ambient cartridge breech temperature. 

(6) Determine initial store movement both forward and aft. 

(7) Measure ejector foot piston displacement. 

(8) Time correlate all measured events and functions. 

Soecial design criteria required that the completed configuration be suitable for recording 6 
minutes of data per mission and be capable of measuring each of the following parameters to 
the desired accuracy. 

(1) Ejection chamber pressure, + 5%. 

(2) Sway brace forces, + 5%. 

(3) Hook forces, + 5%. 

(4) Breech temperature, + 2°. 

(5) IRIG B time, + 1 millisecond. 

All work performed on this program was accomplished in house on a low priority/low budget 
basis, and completion of the TER-9 required 13 months. 

Physically, the TER-9 bomb rack (Figure 1) is composed of a rack housina which secures to the 
aircraft undercarriage and accomodates three Douglas 9610 bomb ejector units'(Figure 1). Power 
for rack release and ejection is provided by an electrically initiated ejector cartridge. Adjustable 
sway braces on each ejector unit provide a complete suspension system for bombs in carriage. 
Each sway brace has swivel pads which are attached to an adjusting screw to allow flexibility for 
varying store diameters and case rigidities. 

Instrumentation of the TER 9 required very few structural modifications to the basic rack 
‘rame. The Class II modification package prepared for this configuration is contained in Appendix 
A. Sensors were mounted to each of the basic ejector units and wired internally whenever possible. 

1These ejector racks are described further in the following informal document available at AFA^L 
(DLY): Standard .Aircraft Armament Characteristics. 96 IQ Bomb Ejector Rack. Douglas Aircraft 
Company Pamphlet, February 1965. 
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A primary design requirement for the instrumented rack was that it be an independent 
system capable of flying with a variety of aircraft. This was accomplished by designing an 
instrumentation pod (Figure 2) to house all recording and auxiliary equipment. This pod was 
fabricated from an empty bomb casing and reworked to conform to the physical and aerodynamic 
characteristics of a MK82 bomb. The dummy bomb was designed for carriage on either of the 
shoulder stations of the TER-9, thus limiting the release load to two bo^bs per mission. This was 
considered a worthwhile tradeoff for the flexibility attained. The Ciáss II modification package 

for this configuration is contained in Appendix B. 

Instrumentation in each ejector unit (Figure 3) of the TER-9 consists of strain gages mounted 
to each sway brace arm and hook, a pressure transducer within the ejection chamber, several contact 
switches, a linear potentiometer mounted beside the ejector foot piston rod, a thermister in the cart¬ 
ridge breech, and a 16mm downward-looking camera mounted within the rack housing itself. All 
rack sensors are wired through a signal conditioning unit in the rack housing and on to the dummy 
bomb instrumentation pod which contains an analog recorder, a VCO block, a control box, and 

an IRIG-B time code generator. 

(1) The analog recorder is a Sanders Associates, Inc., Airborne Magnetic Tape Recorder - 

Model DS 4100. 

(2) The IRIG B time code generator is a Mini-IRIG Time Code Generator, Model A, as 

developed by the ADTC Physical Sciences Branch. 

(3) The strain gages (Semiconductor SR-4, Type SPS2-12-12, as manufactured by BLH 
Electronics, Inc.) are attached with an epoxy solution to each sway brace arm and hook 
mechanism to determine unidirectional forces acting on the store at release. After installation, 
all strain gages were calibrated under actual static loads using Type C2M1 load cells from BLH 

Electronics, Inc. 

(4) A pressure transducer (ICP Piezotronics Model 102A03), is mounted in the top of the 
gun assembly within each cartridge ejection chamber to measure pressure buildup in the ch3mber- 
This required a small circular section at the top of each ejector unit to be removed and a threaded 
hole bored into the top of the gun for insertion of the transducer. Each transducer was factory 
calibrated and checked prior to installation in.the racks. Specifications on these transducers are: 

(a) Sensitivity: 0.5 millivolt per psi + 0.03 millivolt. 

(b) Resolution: 0.1 psi. 

(c) Resonant Frequency: 500,000 Hz (suppressed ringing near non-resonant response). 

(d) Rise Time: 1 microsecond. 

(e) Low frequency (5% down): 0.0005 Hz. 

(f) Linearity: 1% full scale. 

(g) Time constant: 1000 seconds. 

The pressure/time history measured in the chamber can be utilized to compute the resulting 
force applied to the bomb by the ejector piston rod throughout its function. Integrating this 
force curve over the time interval in which it acts yields what is commonly designated ejection 
velocity By expanding this technique to include other known forces acting on the bomb during this 
time interval, such as normal force and gravitational force the separation velocity, Vs, of the store 

can be computed from: 
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+ g COS ( + a ) COS (0 + + ) - 

Where: 

g = Gravitational constant (ft/sec^) 

P = Air density (slug/fr*) 

V = True airspeed (ft/sec) 

m = Bomb mass (slugs) 

S = Bomb reference area (ft^) 

Fe = Ejector foot force (lbs) 

Cn = Normal force coefficient 

t^ = Time of ejector foot first motion (sec) 

t2 = Time ejector foot bottoms out (sec) 

tf = Aircraft pitch angle, nose up is positive (deg) 

^ = Aircraft roll angle , right wind down is positive (deg) 

a = Aircraft angle of attack, nose up is positive (deg) 

<t> - Bomb rack ejection angle (deg) 

Several contact switches are used within the TER-9, primarily to determine the mechanical and 
electrical release sequence within each rack as a function of time. These switches measure the 
following events: 

(1) Cartridge fire pulse (fire pulr* received from aircraft). 

(2) First movement of mechanical linkage. 

(3) Store first motion both forward and aft. 

(4) Pickle pulse (if available from parent aircraft). 

A rod and sleeve type linear potentiometer is affixed externally on each ejector unit and 
physically mated by means of a semi-rigid transition plate to the ejector piston rod immediately 
above the foot pad (Figure 4). With this design, the potentiometer can freely follow the ejector 
piston rod for the duration of its stroke (nominally 3-1/16 inches) and provide a displacement¬ 
time history for each unit. This displacement function yields a convenient second method of 
determining the separation velocity of the store by curve fitting the data immediately prior to the 
piston rod bottoming out. In turn, the instantaneous velocity at this point, or separation velocity, 
can be computed. The potentiometers are capable of measuring displacement within an accuracy 
of t 0.5%. 
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A calibrated thermister is available for use within the cartridge breech of either of the 
shoulder station racks. The thermister replaces the cartridge within the ejector unit, thus, on y 
the station assigned to carry the instrumentation pod can bo utilized to measure breech temperature. 
This temperature is considered representative of the ambient conditions for the live cartridges in 
the two functional racks prior to ignition. No attempt was made to instrument the functiona 

racks to determine temperature variations during burn. 

A 16mm camera (Bell and Howell, Model No. LB 5A) with a 10 millimeter lens is mounted 
in the rear section of the TF.R-9 housing (Figure 2). This camera is oriented vertically down in 
relation to the bombs in carriage to determine separation characteristics, chiefly yaw and roll 
behavior. The camera is controlled in conjunction with the primary TER-9 instrumentation 
and is capable of recording on film 30 seconds of fallaway data. The camera is positioned directly 
above the centerline bomb fin transition section and permits data collection cn this bomb from 
the instant of release. A short delay is inherent in shoulder station releases while awaiting the bomb 
to fall below the camera into the field of view. A variety of lens filters can be utilized to maintain 
optimum contrast between bomb and background to facilitate film reduction. 
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SECTION III 

DISCUSSION OF CLASS/TER-9 FLIGHT TEST PROGRAM 

A close air support weapon delivery system (CLASS) mechanized around the measurement 
of range and range rate between an airborne UHF interrogator and a ground based UHF transponder 
has been developed by Litton Systems, Inc., for AFAL under their advanced development program 
698DF The CLASS was tested at Holloman AFB under the direction of AFSWC. Sufficient 
data were obtained from preliminary sled and airborne testing, to indicate that these range and range 
rate measurements would result in improved bombing accuracies, thereby making bomb rack and 
ballistic errors extremely important parameters when evaluating the contribution of component 
errors to overall system accuracy. AFATL furnished the TER-9 instrumented bomb rack and 
analysis support for the unit during the CLASS test program. AFSWC provided operational mainte 

nance support for the TER 9 system. 
The primary objectives of the TER 9 system within the CLASS flight testing program were: 

(1) To enhance the understanuing of the dynamic interaction of TER bomb releases and 
bomb ballistic behavior (AFATL). 

(2) To aid in conducting a thorough analysis of the CLASS system capabilities (AFAL). 

(3) To use experimental flight data to measure the magnitude and variances of TER-9 
release variables. 

(4) To determine the significance of the TER-9 variables in terms of accuracy and their 

effects on a MK82 bomb. 

(5) To utilize these measured paramete-s in conjunction with range refeience and aircraft 
release data to predict flow field phenomena acting in the vicinity of the bomb at release and 

the impact coordinates of the bomb. 

Objectives (1), (2), and (3) were met as expected. Some work was accomplished toward 
meeting Objective (4) as described in Section V. The amount of data collected was less than 50% 
of the anticipated total, consequently, the necessary data base was not available for an adequate 
assessment of this objective. Objective (5) could not be accomplished. Range reference data 
(phototheodolite) were collected from only four of the 43 bombs released from the TER-9, and 
of these four, only two provided sufficient data on the free fall bomb to be useable. Only those 
test procedures which are of specific importance to the TER-9 system will be discussed within this 
report . 

All CLASS bombing missions were flown on the same F 4D aircraft (S/N 65-0670), and the 
load configurations for each mission were the same: full fuel, standard TER with three MK82 
on left inboard, CLASS instrumentation pod on centerline (Figure 5). The TER-9 instrumentation 
pod was carried on the left shoulder position in all CLASS missions. Bomb release sequence was 

as follows: 

1. Left inboard rack, centerline position. 

2. Right inboard rack, centerline position (Eglin instrumented AFATL TER-9 rack). 

Hhe CLASS flight test program is documented in detail in the following document 

available at AFAL (NVA) : Clo« Air Support System (CLASS) F 4P FljflhUsst. Litton 
Guidance and Control Systems, February 1973. 



3. Left inboard rack, left shoulder position. 

4. Right inboard rack, right shoulder position (Eglin instrumented AFATL TER-9 rack). 

5. Left inboard rack, right shoulder position. 

Figure 6 shows the TER-9 in the loaded configuration for a CLASS bombing mission. Prior 
to flight, the following data were compiled for each MK82 bomb: (These data for each bomb 
dropped from the TER-9 are tabulated in Appendix C) 

( 1 ) Center of gravity. 

(2) Moments of inertia. 

(3) Weight. 

(4) Maximum circumference. 

(5) Ejector foot relative to center of gravity. 

(6) Anomalies, if any. 

Several aircraft delivery conditions were used during the test program; however, the majority 
were made from a level attitude at 5000 feet above ground level (AGL) (8910 feet above sea. 
lesel (ASL) and 450 KTAS). The target consisted of a wooden DAY GLO orange pyramid with 
a 20 foot square base. 

All MK82 bombs used in the CLASS program were painted to facilitate the determination of 
free fall attitude behavior. Each bomb body was painted white with DAY GLO orange markings, 
and the tail fins were systematically painted black and white (Figure 7). Each bomb and tail 
fin assembly was pre-fit, numbered, and as a set, randomly selected for flight. 

Range instrumentation consisting of phototheodolite, telescope, meteorological, bomb survey, 
and camera coverage was determined and scheduled on an individual basis for each mission. 

A data flow schedule was established so that each participating organization would have the 
necessary test data for their respective analysis effort. The following information, in addition to 
the TER-9 rack analysis, was required by AFATL to perform the TER-9 rack analysis: 

(1) Outboard camera film for bomb pitch estimates. 

(2) Aft strike camera film for initial bomb dynamics. 

(3) Bomb release signal from CLASS analog tape. 

(4) Avionics data from CLASS digital tape. 

(5) Meteorological data. 

(6) Range reference (phototheodolite, etc.) data on bomb from release to impact. 

(7) Bomb physical data. 

(8) Bomb impact coordinates. 
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However, items (1), (2), and (3) were not supplied for any of the bombs dropped from the 
TER 9, and Item (6) was available on only four bombs. The remaining items were supplied on all 
missions. 

The TER-9 data flow schedule is presented in Figure 8. 

A major problem area for the TER-9 system became apparent during the CLASS program: 
operational maintenance for the instrumented rack. The TER-9 was designed to withstand the ex 
feme shocks, vibrations, and forces normally subjected to suspension equipment on an airframe; 

hence, it is not a delicate piece of equipment. Because it is highly instrumented, the TER 9 
requires regular preventive maintenance to assure it can satisfactorily perform a data qatherinq 
function. 

Higher priority work and manpower shortages were continuing problems throughout 

the 13 month te"t program; as a result, the TER-9 had a low priority during the test and frequently 
failed to receive ihe necessary operational maintenance it required for peak performance. Except 
for the analog recorder having to be replaced after one mission, no other major system failure 
occurred in the TER-9. Nor did any system failure occur which, taken singly, would have impaired 
the overall data gathering function of the rack. Because of the limited on-site maintenance, failures 
were not detected until the raw data were transmitted to Eglin and reduced (up to 2 months 
later). By that time, the failures were repetitive and in several cases had become compounded 
yielding useless results. 

On four occasions, engineers from Eglin AFB repaired and completely calibrated the TER 9 
instrumentetion. The last such repair was accomplished in mid-May 1972. These personnel 
remained on-site for 11 days to provide support during the final phase of CLASS testing. During 
this period, 19 bomb drops (44% of the total recorded for the 13 month program) were success 
fully recorded. This implies that with proper maintenance the TER 9 system could be expected 
to perform at close to a 100% success rate, rather than the 55% rate actually achieved during the 
CLASS program. 

To assure consistency during the test program, each TER 9 ejector unit was assigned a pre¬ 
numbered pressure transducer and careful attention was given not to switch them between 
missions. The ARD-863 ejector cartridge was used on all missions in the alongated type chamber 
assembly. 

Midway through the program, it was found that the chamber pressure curves being recorded 
were falling off after peak more rapidly than had been anticipated. During the initial investigation 
into this phenomenon, each pressure transducer was replaced with a new unit and tested under static 
conditions. No appreciable differences resulted. Next, the time constant built into the electronic 
circuit was modified to counteract any premature bleed off problems, and after this modification, 
slight differencerare evident in the recorded pressure curve functions. These data more closelv 
resemble previous work accomplished in this area and are considered to be more representative 
of the actual pressure/time history within the ejection chamber. 

Some binding of the potentiometer rods within their sleeves occurred sporadically throughout 
the program. Initially, this was attributed to the bomb loading crews interchanging the specially 
machined TER-9 ejector piston rods with standard rods, thereby creating a severe finding within 
the potentiometers. This resulted in considerable dropout in the recorded data. The subsequent 
utilization of proper piston rods helped but did not eliminate the problem. Although the 
potentiometer performed correctly in ground tests, dropout continued to occur in flight. Aero¬ 
dynamic forces acting on this externally mounted assembly in flight apparently effect a binding 
action on the potentiometer mechanism. 
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Fallaway film from the TER-9 was recovered on 20 of the 43 recorded bomb drops. Fdm 
breakage within the magazine cartridge was a continuing problem throughout the test program. 
Many futile efforts were made to correct this problem, but no certain method was found except 
to discard the MB-1 cameras and replace them with another model (which was not feasible due to 
space limitations within the rack assembly). 

For analysis purposes, an important part of the TER 9 loading procedures required that the 
rack system instrumentation be turned on for 10 seconds both prior to and immediately following 
each CLASS mission. The pre mission data are recorded on the ground with all bombs in place 
and provide information pertaining to sway brace torques and baseline data for the determination 
of aerodynamic loading effects in flight. Post mission data are recorded on the ground after all 
bombs are expended and provide a means to determine the zero baseline for all sensors. Extra 
loading time is required to perform these tasks, and they were accomplished only on the final 
19 bomb drops. 
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SECTION IV 

RESULTS 

Data on 43 useable bomb drops were received at Eglin AFB for reduction. The TER-9 analog 
‘ape was digitized and formatted on a PDP-15 computer. Calibrations were applied during the 
d gitization process to convert each of the measured rack parameters into engineering units. A 
program was established for the CDC-6600 digital computer to edit and process the TER-9 data into 
meaningful form. These results are presented in Appendix D for the 43 bombs dropped during the 
CLASS program. The reduced data consist of a bomb release data sheet, force plots for all sway 
braces and hooks, displacement of the ejector foot, chamber pressure, and the force applied to the 
bomb during the release sequence. 

On those missions where the TER-9 test and calibration procedures were rigidly followed, the 
data collected consists of both pre-mission and post-mission measurements for each rack parameter 
•n addition to the flight data. As is illustrated in Figure 9, these pre-mission and post-mission 
system calibrations (A and D) are extremely important in assessing the TER-9 flight results. On 
missions for which post mission calibrations were not taken, the zero baseline load is not obtainable, 
hence the word relative precedes each of the sway brace and hook plots (Appendix D) for missions 
in this category. The forces shown on these missions are adjusted relative to the zero aerodynamic 
load (Figure 9, Item c). On missions for which pre-mission system calibrations were taken, this 
loading is superimposed on each of the sway brace and hook plots as a series of integral signs 
( / f / J ) prior to bomb release. 

All items appearing on the bomb release data sheet (Appendix D) are self-explanatory or have 
been discussed in previous sections of this report with the exception of the ejector moment arm 
and the mission code. The ejector moment arm is the distance the ejector foot acts behind the cen 
ter of gravity of the bomb, thus inducing a nose-up pitch to the bomb during ejection. Each mission 
code number is followed by either C or S to denote the station from which the bomb was released: 
centerline or right shoulder, respectively. 

The results for each of the 43 bombs dropped from the TER 9 are arranged by mission in the 
following order: 

(1) Bomb release data sheet. 

(2) Left forward sway brace strain. 

(3) Left aft sway brace strain. 

(4) Right forward sway brace strain. 

(5) Right aft sway brace strain. 

(6) Forward hook reaction. 

(7) Aft hook reaction. 

(8) Ejector foot displacement. 

(9) Ejection chamber pressure. 

(10) Ejector foot force. 
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When insufficient data were available, the plots are not included in Appendix D. Asterisks ( ) 
appearing on the bomb data sheets indicate that valid event times are not available or that 

insufficient data were available for calculations. 

Each of the plots presented in Appendix D represents unedited measured data. No smoothing 
process was used in their generation. Bomb downrange and crossrange impact coordinates have 
been deleted from the release data sheets in order to keep this report unclassified. The headings 
were purposely retained to allow handwritten entries if desired. If this is done, the classification 

of this report must be upgraded to Confidential. 



SECTION V 

DISCUSSION Or RESULTS 

The impact coordinates of each bomb released during the CLASS flight tes* program were 
carefully surveyed with respect to the center of the target pyramid. These results were extremely 
important in assessing the worth of the system. Litton Systems, Inc., conducted the post-mission 
analysis work on the CLASS program to isolate all known error contributors such as pilot, air 
craft rack, and system errors. Individual bomb sensitivity to these and all other known errors 
was determined, and the measured miss distance of each bomb was adjusted accordingly. This 
adjusted miss distance could then be attributed to all unknown errors (commonly called ballistic 
errors). 

The detailed breakout of error contributors for the CLASS bombs was not available for this 
report, ano an alternate approach was undertaken to provide a measure of the unknown, or 
ballistic error, for the 43 bombs released from the instrumented TER 9 rack. Aircraft position, 
velocity, and attitude profiles were obtained from a combination of available aircraft phototheodohte 
and onboard avionics data, and, in conjunction with the known bomb physical and aerodynamic 
charactenshcü, were utilized to compute a six degree of-freedom theoretical bomb trajectory for 
each drop. The actual bomb downrange and crossrange travel was determined by obtaining the 
difference between the aircraft/bomb position at release and the known imoact coordinates The 
resulting average impact error between the actual and theoretical bomb trajectories was found to 
be significantly larger than the preliminary CLASS rr^ults were showing. 

For this type analysis, however, the results are extremely dependent on precise knowledge 
of the bomb release point, which in many cases had to be derived from a best estimate of the 
release time due to the unavailability of the actual data. 

It is generally believed that the centerline bomb on a TER-9 bomb rack tends to immediately 
pitch-down upon release from the parent aircra t, thus resulting in a downrange bias short of the 
intended target. This pitch-down motion is rvt so characteristic of a shoulder station release 
Sideview fallaway photography has substantiated this phenomenon in a number of test programs 
however, no such film coverage was successfully accomplished in the CLASS program. The first 
motion switches on the TER-9 rack did, however, provide forward and aft bomb release timing 
information. This is shown in Figure 10 for each bomb, grotped according to release condition. 
The data indicate that the initial motion of the CLASS center.ine bombs, when released in level 
mode, was to separate from the rack, aft end first in the major.ty of cases. This motion evidently 
results from the ejector foot nominally acting 3 inches behind the center of gravity of the bomb 
This same moment arm acts on the shoulder station as well, but as Figure 10 shows these bombs 
tend to separate more cleanly. 

Thus, at first glance, the TER 9 rack data appear to be contradictory to observed fallaway data. 
However, the largest contributor to this phenomenon, the aircraft induced flow field effect is 
unknown. For lack of additional data, it must be assumed that this effect overpowers that of initial 
rack ejection as measured on the TER 9 to produce the pitch-down motion normally observed. 
Had sufficient phototheodolite or other tracking of the bombs been successfully accomplished 
this would have provided the data base necessary to examine the flow field problem. 

In terms of effect on delivery accuracy, the most significant bomb rack contributor found 
in the CLASS test program was separation velocity, i.e., the total velocity with which the bomb 
leaves all contact with the aircraft/rack directed along the line of ejection. The centerline 
ejector unit operated fairly consistently throughout the program as can be seen in Figure 11 An 
average separation velocity for this station by botl the displacement and pressure methods was found 
to be 7.1 ft/sec. Neglecting the effect of gravity acting during a nominal 67.5 millisecond ejector 
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stroka, the ejector unit itself imparted an average velocity of 5.0 ft/sec to the bomb. The standard 
deviation about the mean value (STD) was calculated to be 0.7 ft/sec. Some inconsistency was 
noted in the right shoulder releases. This is evident from Figure 11 on missions 98, 101, 108, 109, 
and 113, where the displacement method yields only about 50% of the velocity computed by the 
pressure method. The reason for this discrepancy can be seen in Figure 12 where the ejector foot 
displacement and corresponding chamber pressure history measured on a correlated mission (106S) 
is overlayed on the plots generated from one of the missions in question (108S). Note that although 
the two pressure curves are nearly identical, that the slope of the corresponding displacement curves 
tend to deviate for the last 1 inch of the ejection stroke. The slope of the curve in this region is 
indicative of the instantaneous velocity of the ejector foot at the end of its stroke, or in other 
terms, the separation velocity of the bomb as computed by the displacement method. 

Although it is possible that the ejection chamber might have experienced a bleed-off problem 
prior to the botioming out of the piston, two similar r issions in the same time frame did not 
experience this problem nor could any correlations be found to tie this phenomenon to any other 
rack or release parameters. It is highly probable that these shoulder station bombs experienced 
the effect of an induced aerodynamic force acting to retard the release. Again, if the CLASS 
program had produced bomb phototheodolite and fallaway film coverage, the data would have 
provided some insight into this problem area. Using all available data, the average separation 
velocity measured on the right shoulder station was found to be 4.9 ft/sec by the displacement 
method; whereas, the pressure method yielded 5.7 ft/sec. Eliminating the five questionable 
drops results in a much closer match. The separation velocity (Vs) computati >ns are as follows: 

Centerline Right Shoulder 
Mean 

Pressure Vs (ft/sec) 7.0 

Displacement V. (ft/sec) 
All3 7.2 
Partial^ 

Ejection Stroke (msec) 67.5 

aAII missions. 
'^Neglects five questionable shoulder missions 

Relating these errors to oomb rr iss stance, a 0.9 ft/sec error in ejection velocity contributes 
to approximately a 20 foot error in ground impact ooint (Reference 1). Ejection velocity is the 
initial velocity impaned by the rack ejector foot only directed along the axis of ejection. 

Standard 

0.7 

0.6 

3.6 

Mean 

5.7 

4.9 
5.9 

73.2 

Standard 

0.8 

1.5 
0.9 

2.3 

The TER-9 instrumentation was designed to provide simultaneous monitoring of centerline and 
shoulder stations. This design permits recording the parameters not only from the release station 
but also from the off-station. When the centerline bomb is released, the off-station data (shoulder; 
provides a rough measure of any resulting reaction to the rack frame itself. Because the centerline 
bomb is first to release, the off-station data during a shoulder release is far less valuable as a source 
of data. A tendency was noted in the off-station data during a centerline release for the left sway 
braces to load up an additional 200 to 300 pounds starting approximately 13 milliseconds after 

Reference: 
1. Traiectory Sensitivity of the MK82 Low Drag Bomb to Pertinent Delivery Parameters. 
AF AT L AMR-69-20, December 1969. 
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cartridge fire. A corresponding unloading of the right sway braces was also evident. Subsequent 
Motion appeared to be oscillatory. The period of the first and most severe oscillation was found 
io be ¿0 to 45 milliseconds, with the motion damping out 0.3 to 0.4 second after release. 

Prior to each CLASS flight, both the TER-9 instrumented rack and the CLASS system time 
code generators were synchronized to IRIG-B range time. From the limited data obtained, an 
at^emp* was made to determine the time delay from the CLASS computer release signal recorded 
on the avionics analog tape to cartridge fire initiation recorded by the TER-9. The results showed 
extremes ranging from 14 to 129 milliseconds, with the mean falling at 67 milliseconds. The 
reliability of these numbers is questionable, however, because the data on which they are based 
were gathered on two independent systems, each experiencing a different factor of drift from the 
norm after synchronization. 

The TER-9 downward looking camera mounted in the aft end of the rack frame provided 16mm 
fl!rT1 coverage of bomb release. Usable photographs were obtained from 24 centerline and 10 shoulder 
jomb drops. A film reader was utilized to obtain quick estimates of yaw and roll behavior. In all 
but one case (16 March 1971 C/L), the bombs were found to begin their initial yawing counter¬ 
clockwise with respect to the aircraft heading. All shoulder station bombs yawed to some degree; 
whereas, no measurable yawvcould be detected on three centerline bombs The initial yaw angles 
for the bombs are as follows: 

Release Mean, 
Station degree 

Center'ine 4.8 

Shoulder 9.0 

Standard 
Deviation, 
degree 

Range, degrees 
Minimum Maximum 

2.9 0 12 

3.6 2 15 

On the average, the period of the yaw oscillation was 0.95 second. Over half on the downward¬ 
looking film received was either not identified by data and mis*ion or the corresponding TER 9 
rack data were not obtained. Thus, only a small sample remained for comparison and analysis with 
other test paramaters. As would be expected, it was found that the observed yawing motion con¬ 
tributed to the bomb falling short of its predicted trajectory. This effect was most pronounced 
on four bombs with initial yaw angles exceeding 10 degrees. 

Bomb roll behavior waj much more difficult to reduce from the film because this required 
the film reader to identify and record the position of one fin from frame to frame. This was 
accomplished on only a sampling of missions. Based on an assumption of a constant came; a 
frame rate it was determined that the bombs linearly increased in roll for the first 2 seconds 
after release, achieving a typical roll rate of 6.5 rev/sec at this time. Roll data could not be 
assessed after the bomb dropped more than 75 feet below the aircraft; this point is reached 
approximately 2 seconds after release. 

Trajectory calculations and resulting predictions of ground ir.ipact fnr unguided bombs, 
whether produced by a digital computer or from an on-board avionics solution, are determined 
using the best available data for average bomb, atmospheric, and separation parameters. The 
TER-9 instrumented rack compiled data not only on the magnitude of these parameters but also 
on their variability. These data for the 43 CLASS bombs and the associated impact errors on 
the ground are summarized as follows: (The miss distance was determined from Reference 1 based 
on a nominal level release, 450 KTAS from 5000 feet AGL.) 
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Parameter Measured Miss 
Value Distance, ft 

Release Time Delay: 
Cartridge fire to piston 1st motion (msed) 12.9 9.9 
Piston 1st Motion to end of stroke (msec) 

Centerline Rack 67.5 51.5 
Shoulder Rack 73.2 56.0 

Release Time Delay Variation, 1 » (msec) 
Centerline Rack 3.Ö 2.7 
Shoulder Rack 2.3 1.7 

Initial Yaw Angle (deg) 
Centerline Rack 4.8 8.8 
Shoulder Rack 9.0 34.0 

Mass Variation, 1 » (lb) 5.6 2.5 

Diameter Variation, 1 a (in) 0.03 1.4 

Transverse Moment of Inertia Variation, 1 (slug/ft^) 1.0 2.0 

Separation Velocity Variation, 1 » (ft/sec) 
Centerline Rack 0.65 14.0 
Shoulder Rack 0.85 18.0 

Center of Gravity Variation, Í«* (in) 0.30 7.0 

Some indications are eviden ♦rom the sway brace and hook plots obtained on each mission 
that last minute aircraft maneuvers may be detected in the loading and/or unloading of the sensors. 
There are also indications of hooks momentarily hanging-up prior to bomb release. No attempt 
was made to interpret all of these data. To do so would, in most cases be only conjecture until 
such time that a sufficient data base is established upon which conclusions can more validly be 
made. It should be noted inat the results presented in this report are the first of their kind and 
represent measurements taken under controlled conditions utilizing one bomb rack mounted on 
only one pylon position of one aircraft. The applicability of these results to other conditions 
remains unknown at this time. Future plans call for the instrumented TER-9 to be reconditioned 
and all exiting strain gages replaced with load cells for direct force and load measurements. 
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APPENDIX A 

TER-9 CLASS II MODIFICATION PACKAGE 
AND STANDARD OPERATING 

PROCEDURES 
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MODIFICATION ÎNSTR'jrTIONS AND CERTIFICATION 

J TER 9/NK-82 Bor.ih 
• • 1 ' : » n • • 

»1. inspection RR.^iT^Mfcfrrs 

•• £r.f TU^ht, <111 t-c «r<-«rpl I shed a'fer the Insti uountat Ion Is hung 
"n tha *irc»sfl. The prenight S »P wU i •» m, l.leH-^lth tcdlf Ustión packSKC 
lo. N0I70-Í. * 

C. • oal tit ....i H a 

c. Phase «r Hjütly Inr-ecilor. Inrurt rUctrtral *irfur, lor loose connactlons 
» .d frayed or chatri'. wires an I t'»e no-tnt lu;> hrorbetry for merhanlcal integrity. 

(1) A/C Work Area: Tt:K*9/tuc r,o-ih 

(2) Itan No, on APGC Forci ISA: All 

(3) Tine: 1 Hour 

(4) Phase or Hourly Inspection: Every Twenty-Five Plight Hours 

(5) Responsible Section/Phone No: ADTVE-31-l, 882-2611 

d. Spacial Inspection: None required 

2. The Electrical Power requirements will be outlined In tha modification package 
Na. N0170-5 «Ntlch will authorise carriage on the P-AD, #8698. 

3. Opon completion of this modification and a determination that the Iton la 
operational and safa for flight, the Systea Engineer will sign-off the modification on 
tha APCC Porra 15C. 

A. At the time that the Claas II Mollification Is signed off, tha ADTMF-31 Dock Chief 
will provide ADTVE-33 with a copy oí the Class II Mod Peckage and a set of drawings 
marked to show any deviations that occurred during the physlcsl Installation In the 
aircraft. Tha Information should Include weights and station locations that wert to 
be established at the time of Installation 

3. ttsiWTiOT f?res: Nona 

6. HgOrPICATIOMINSTFUCTIOVS: Nono 

7. AIRBORNE CPE RATIONAL * ÜEC.oyr None tc.ulrr! 

I 

8. PLIGHT !.IMITATIONS: PH 
Ir tha Clara II MOO M0170-S. 
modified TER. 

Plight limitations on larris ;e and Jettison will be spedtfled 
l'orrlai-,e of MK-^J bombs only U permitted on this 

■i *. , 
I “ ' '*• *T| N I N .I..»* "I 

APCC ISB 
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MODIFICATION INSTRUCTIONS AND CERTIFICATION 

1 PHOJIC HO 

1069-13 TER 9/MX-«? flonb 69DFVOO0 
••OOIMC »^lON 'NSTHtlCII m«. »>. 4* ‘WM4TI' Si^sr •■Mi»i r• ' •heetM •• f-i|tilr?<1) 

9. ffigmm.-Ct^SSlFICATION (of Eqvilpf qt or Mod AtfchwntA): UNCUSSIFUD 

^0, SFRÇIAI WKIOKT AND RALAJICg DATA: a. If líeme arc removad from TER or bomb, then 
the Meeamooent of tiiertta and CG ’oust be determ n«<l to he certain they are In limita. 

b. On the MX-82 Bomb the actual weight, CG, and moment of Inertia In pitch and 
wain muet be determined for uaa In eatahllehlng flight limitation# la Claee II MOD 
MOI 70-5 

U. gPgCUL CTSTRUCTIom• None 

'll Ml« M ; 

I t.t rrH(.. ii i« ;» » Mw «»ion or.'ain« n. known 

m O'* I n t «si » « 
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1976 l 

JLi Lanf-Ilean 90°. 10«». f 3.5 with 16aai , « 
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i 
l 
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TT S-9 WIT!! INSTALLED DELIVERY 
ACCUTí\CY IüGTRVMENTATIOíJ, 

. ( 

I WOP. NO. 1069 -13 

PROJECT NO 690FV008 
\ • 

D 
3 
D 
D 
D 
D 
D 
0 

D 
C 
B 
D 
D 
B 
B 
D 
D 
D 
D 
B 
0 
D 

C 
C 
D 
C 
C 
D 
F 
F 
D 
F 
D 

* 

* 

* 

* 

* 

* 
* 
* 

i* 

* 

* 

* 
* 

* 
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SK-2715D-TW 
SK-2719D-TW 
SK-2725B-TW 
SK-2734D-TW 
SK-2735D-TW 
SK-273ÍD-TW 
SK-2745D-TW 
SK-2752D-TW 
SK-2784D-TW 

SK-2787D-TW 

SK-2823D-TW 
SK-2842C-TW 
SK-2856B-TW 
SK-2858D-TW 
SK-70D-7-TW 
SK-70B-28-TW 
SK-70B-36-TW 
SK-70D-58-TW 
SX-70D-96-TW 
SK-70D-99-TW 
SK-70D-120-TW 
SK-705-122-TW 
SK-70D-123-TW 
SK-70D-191-TW 

SK-70C-213-TW 
SK-70C-214-TW 
SK-70D-215-TW 
s:<-7oc-2H-rw 
SK-70C-217-TÍ 
70VIJC-23D 
70VLX80F-1 
70VLX30F-2 
70VU(81D 
70VLX85F 
70VLX50D 

Eo-nb (MK 82) Modified (a08U) 
Ease Plnfe (DTL) 
Support Block /DTL( 
Cut-Ouc Section • (dtt> 
I0'* DU 4¾ 
?0ubler • .OTI,)* 
^acer (DTL) 
Pinte & Bracket (DTL) * 
Ter Rack (A.-Bullt Brktry) (Sub-As.'y 

tîountlng Plate & Supproe Ana (Ã«'y 

Bone Plate - (DTL) * 

nlícc^pt^10 ?lat# f Plate, Two-Connector (DTL) 
Ter & M-82 Bomb (Aae*^ ' 

Zl nZ‘ '",a T" «"V ‘ I« 
Spacer Block (DTL) 
Aft End FnIrin» Fabricating‘XDTL & An< 
Adjustable Potentiometer (Sub-AnaV 

“ Teotlnc (Sub-A8»'y) 

Light^Cracket 
üountlr^ Píete (DTLx * 1 
Receptacle InntI In nose fairing (/,,. 

4-Tab ’.’olding Pinte (DTL) ^ 
4-T«b Jloldlng Plate (DTL) 
Reliant Inst '1 w * 
’’allant "A" 
"e’lnpt 
—-o i.c“ , , (WL) 
T;:o ^AS Atrcra't & Pylon Wiring ’ 
^er-? -a,te A^'sitlon Gysten 
• er-o D«ta Ap»«n*.tien Sys’-en 
ra VCD'n Vrin- 
Sireal Condit'orin- 
R-ock Dlagraa TER-§ Data*Aco’'<,'’ • — 
Oyetón 
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Pra; FLIGHT SOP 

PROkJBCT: 69111/008 

1.Ü Anament Crew 

1.1 Upload instriupentcJ tTR-9 using standard uploading procedure«. (Aircraft 
Stations #2 or #8 «ay be used as specified by the Pally Operaticaia Dlrectlw) 

WARNING: PO NOT install cartridge on the statioti with the Inatniaented beat. 

1.2 Connect the uabUical. cable that is provided with the TBF to tte PO-ALL 
and AIM-4 connectors in the MAU-1? pylon. (All noraal TER functions are 
provided through this cable.) 

1.3 Exercise caution during uploading or downloading to prevent damage to the 
following items: exposed earners lens in the aft ’1ER housing« coaxial connectors 
on the breech assembly which protrude through top of rach« strain gauge on all 
sway braces and hooks« and initial storage sensing switches 00 the bo^toa fore end 
aft section of each rack. * 

1.4 The inatrunented MK-Ö2 bomb and the Dovat bomb will always be loaded on the 
Instrumented TER on Station /1*2 or Station #3. The instrumented TER bomb load 
arrangement will be as specified by the Daily Operations Directive. Standard 
uploading procedure will be used at all times. 

1.5 The Donrat bomb instrumentation is electrically mated to the TER with the 
pul 1 -away cable on Station d*? or Station d*3* 

1.6 With power on the aircraft, depress Homing Switch on the aft fairing of the 
TER. This homes the TER to Station #1 and the homing light will be lit. 

PREFLIGHT 

2.0 Instrumentation Crew. 

2.1 Place TER sensing switches in contact with the heart). 

2.2 Remove fastening screws on instrumented bomb door and lower the in*Indentation 
package. 

2.3 Check cables from borb package to insure proper, connection on Inalde of 
the b jiab. 

2.4 Loosen locking bolt on tape recorder cover and remove cover. 

2.5 Clean tape recorder heads using cotton swab which has been emersed in 
Ampex Part #087-007 cleaner. 

2.6 The tape recorder cover contains 1000 ft of l/2 Inch magnetic tape. Check 
the pre-loadeû tape recorder cover to insure that the tape is positioned as per 
diagram on the co'er. Install and tighten locking bolt. 
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2.7 Disconnect J9 fro« rear tape' recorder control box. This peralta local 
control of the tape recorder. 

2.8 Remove access door on the underside of the fvd fairing and install cable 
fro« the calibrate box to P6. 

2.9 Apply AC & LC power to the aircraft. 

3.O Place Special Weapons & Armament CR "IN". Refer to drawing No. 70VLX23D. . 

3.1 Place time code generator power switch "ON". Synchronisation to the correct 
tl«e can be done either manually or by an automatic sync pulse. Refer to tl* 
code generator sync instructions. 

3.2 Allow approximately 15 minutes for warm-up and place the Run Switch on the 

tape recorder control box to Run. (Amber light on the aft fairing of the TER 
should be off), 

3*3 (hi the calibrate, check ISM (initial Store Movement) & MLM (Mechanical 

Ught4, If •eB8iog‘ switches are In contact with bdUba. all 
lights should be 1 Uuainste d. 

Rotate l^L ft C/L on calibration box freo A through F & freo F thresh A. 

3*5 Depress Cal button on calibration box and observe voltaeter Indication. 
If the meter doss not Indicate 1 volt, adjust with Cal adjust. 

3.6 Place tape recorder Run Switch on the tape recorder control box to "OFF" 
& reaove calibrate box cable. 

3.7 Connect tape recorder plug P9 to rear of tape recorder control box. 

3.8 Place instrumentation package in bomb and Install door screws. 

3.9 Renove TER-9 »ft fairing. 

*».0 Load KB-3 cañera with pre-packed film magazine and adjust "F" item for 
existing light conditions. 

V.l Cheek ceaeru power connector and Install caœra fairing. 
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PILOT'S SOP 

Project: 69DFVOO8 

1. Before take-off, verify right or left inboard Special Weapon« clrcait 

breaker« "IN", CB's No. 304, No. 313 LI and CB'« No. 3IO, No. J12 HI. 

2. Place Master Armament Switch in Arm position. 

3. Place Master Armament CB "IN". 

**• Twelve (12) seconda prior to releasing first bomb, place noae «od tail 
•witch to Nose & Tail position. 

5. Release bombs at specified conditions. The bomb release conditions are 
determined by the project officer. 

6p Place Nose & Tail Arm Switch to "Safe". 
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pofvmjGtrr sop 

PROJECT : 69DFVOO8 

1.0 Armament Crew 

1.1 lovuload bombs. Return any standard MK-Ü2 bomba to jamb dump and 
instrumented MK-82 bomb to Project Officer. 

1.2 Download TER after item 2.0 to 2.2 has been acco^Jlished. 

2.0 If tape or film has Hot been exhausted, run remaining film and tape. 

2.1 Remove tape recorder cover and download mission tape (Project Officer 
will take tape). 

2.2 Download camera film and turn in for processing. 
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APPENDIX B 

CLASS II AUTHORIZATION FOR CARRIAGE 
OF INSTRUMENTED TER 9 WITH MK82 POD 



AIBOSFACI VIHICLI MO« FI CATION AF FRO VAL ANO CONTROL 
\ - M1AAAWO AAtWCY 

M. 

NOlTO-5 

I. MOO 
CLAM 

r.i 
I. VlMICLI r/m/f ANO l/N 

F-4D, A6-8698 

OAriC«N/«YMMOl7 PHONt NO. 

Hr. G«llegos/ADTVTÎ-ll/7-2995 

«. OVNINO 
COMMAND 

AFSC 

t. PNOJ NUMOCN 

69DFV008 

*. CNOINCIN/tVMSOL/NHONI MO. 

Mr. GaUrgofi/Anm-31/2-2995 

11. MOO tMOMT TITLC: 

"AUTHORITY TO CARRY AN INSTRUMENTED TER-9 AND 
AN INSTRUMENTED INERT MK-82 Bomh 

CANAMILI TV PNOVIDOO. This Class II ¡lodlf leur Ion package 
provides authorization for carriage of the Instrumented 
HR-9 and the modified MK-82 Bomb (developed under MOD No 
1069-13) In order to provide a capability for collection 
of « data tima history for external stores release and 
separation. 

a pat 

1235 

t. ism issar 

moo - AAZ 
PNOi • IV 

1». PNOJKCT PILOT/SVMOOl/MMOMS 

To be assigned 

II. DNAMINO ANO TSCNMICAL DATA 

I I TCCMMICAL NtPONTS .NS 

NIQUINBD AMO ATTACHED 

05 DNAMINSI NSQO AMO ATt/cMSD 

(XJOPANIHS MOA LIITSD DSA.DM 

□ «SS ATTACMSO DATA LAST 
<AP POMA (ASSI 

* Drswlngs foevardsd with 
this packags 

* 70VLX23D 
* SK70B234IM 
* SR2858D-TV 

II. COIS SNALVpiS 

OSmSN » PN« PNSPANATIOM 

• NOUP "A" COASDOMCSTI 

ONOUD •’S” COSSPOMINTI 

OOCLANA 

M. NBMANKI (For PrsM«nS Agancr; VIS NO II. nimanki (Fot POL amé POm) TCI NO 
■of*s asauwco and attacnsd S«C Tars ll CONPM CONTNOL SOASO NSQUiatO 

air « aaowaao PLiOMT iapstv boano aaomaao 
FLMMT aasnrcT AN« IMPOISO PCS NBQUIMO 

AINSONMB OPS CNBCB atOUINBO APTO II CANOS NBQO ANO ATTACISaa 

I«. APDNOVALl -nr. Ja motHHc-Mtian oM.wimm. >A. a !.. —. ^iirnMKr- •rttJJla' 
pmrlda far ImataJlatlaa/ramorai, aialmlmmea. and opamtlon a! Urn tratams aOaetad. n—‘a- la lm < 
alaméaaéa amé apaeéloatlona. Thai, an no known fmatd or AlfM oat ti? kaaaréo •tirtkwtakl. M Um 
Tha éawitn oí Uéa modi tic at Ion (Ms Soon coordinator mil h lho pro/sc! pilot. 

HAROU» C. VISE. 13 Hay 1V70 

Ckiol ol Propotlaf Afancy 

taCTION II - VALIOATIOM AMO IAFITV OP PLIOMT SIVIIV 

TW* moéttltotlon koa Sonn tarlawaé lar compollblllly MIA tho ti rentI and spots» ailoctoé and mn InáUol ooloty oí fílékl i 
Me >o«si paHamaaé, **Trrinf-rr ftr pn/irf sisaiin mi< Is ^pisiiS hi si i ii^iUMIi mi 

NSOUINIO OPCNATIOHAL DAT* 

fFlfR1 
PICATION 

For (As Vlca Coomméat 

AFGC no°v"7, 15 PNSTIOU» «OITIOH MAY 0( USIO 
>TSC ISDN APD. PLA 
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MODIFICATION INSTRUCTIONS AND CERTIFICATION 
VODIPICATION NUMBER 

M0170-5 
AIRCRAFT IDENTIFICATION 

F-AO #66-8698 
FBOJECT HO. 

^Drvooa 
MOOIFICATION INSTRUCTIONS AND GENERAL INFORMATION (tl.e .dd.tlon.l ., r.qulrtd) 

INSPECTION REOMTRFM'-i.t^- 

a. Preflight: Sou Virnoraph lia 

(1) A/C Work Area: ? or A aivl 8 

(2) Time to PrcfHght: Two lloiirr 

O) Responsible Section/Phone No: ADTVE-H-l/882-2611/and ADTVE-23/682-2451 

^• Pnstflight: See Paragraph 11 

(l) A/C Work Area: 2 or 4 and 8 

(2} Time to PnStfllght: One Hour 

(3) Responsible Section/Phone No: ADTVE-31-1/882-26U and AOTVE-23/8Í2-2453 

c. Phase or Hourly Inspection: None Required 

lr..ftPgc t ton : Do not Install en ejection cartridge In the TX&-9 at anv 
station where the Instrumented MK-82 Bomb Is loaded. In addition, when the MX-82 
Instrumented bomb Is being carried on station one, cartridges must not be Installed at 
stations two and three either. 

(1) A/C Work Area: 2 or 4 

(2) Item Ho. on APGC Form 15A: l 

(3) Time on A/C: 15 Minutes 

(4) Responsible Section/Phone No: ADTMA-42, 882-5771 (Weapons Loadl^ Section 

2. POWER REQUIREMENTS: a. The following electrical power requlreiwnta ere Imposed on 
or deleted from the aircraft electrical system as a result of this modification: 

6.8 Amps (? 28 Volts DC 

1.0 Amps, C Phase (? 115 Volts AC, 400hZi Three Phase 

b. The electrical power load on the aircraft has been reviewed and it has been 
determined that adequate power Is availeble for the additional load being imoosed bv 
this Class II Modification Package. 

c. Installation of elertricil wiring In the aircraft in response to the requlre- 
ments of this Class II Modification will be In accordance with the provisions of 

certification 
•». the underalfnAd r«ttlfy that within Ihn r«ip«rllvr »rar. of re.p.m.lbllily thU modification contain« no known Hlghl or 

(round «sfoly hatird« which c«n be «llrlhulM to the modification .Vmyn 

aeronautical enqinfer electrical (nüinieh MODIFICATION ENGINEER 

APGC FC 15 H * C rc.l IN » r » 
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MODIFICATION INSTIUCTIOMS AND CERTIFICATION 

VOmtlCATIOM NUMBIH 

M0I70»5 
AIBCHAfT lOCNTiriCATION 

F-ifC #66-86^8 

BBOJfCT NO. 

fr?PFYW8 
moimaic at i on inst auctions and geniral ineormation (Um ■•iditlonAl •h««!« •• r«quir«d) 
Technical Order No. 1-IA-H and Military Specification MIL-W-5088C unlaaa daetatlM 
la authorised by action of the Configuration Control Hoard, 

3. Upon cossplation of thie installation and a determination that the luatallad ayate* 
la operational and aafe for flight, the System Engineer will aign-off the «odIfleatien 
on the AFGC Form ISC. 

At the tine that the Class II Modification is signed off, the ADVMFOl Dock Chief 
will provide ADTVE-33 with a copy of the Class II Mod Package and a set of drev&ngd 
marked to show any deviations that occurred during the physical Inatallntlen In the 
alrcreft. The information should include weight a and station location* Chat were t* 
be eetablsihed at the time of installation. 

5. mSTAlAATIOH NOTTS: None 

6. MODIFICATION INSTRUCTIONS: None 

7. AltBORWK OPERATIONAL CmCKOCT: None Required , 

8. FUCHT LIMITATIONS: a. Normal epcad and "6" limit* for the NK-82 bo* etch la* 
drag fin aa published ln T.O. IF-4C-1 are recommended a* applicable for thia Class Z1 
Modification. Para 10 thia Mod must be compiled with. 

• • 
b. We recommend ne ejection cartridge be Installed In the TH*9 pooitiae 

Instrumented MX-82 bomb la being carried. When the latter is carried on the la* 
rack of the TIR (l.e. position 1), we recommend no ejection cartridge be installed in 
any of the TK1 bomb rack lecatlons (l.e. positions 1, 2, and 3). The abosa raeoamaaiÜa 
tlons should present Inadvertent release of the Instrumented bomb or Inadvertent re¬ 
lea s« of standard bombs out of safe sequence. 

c. Emergency Jettison of the TER with stores attached may be accomplished as 
specified ln T.O. IF-4C-1. 

d. With the modified ejector racks on the TIR, only MK-82 bombs are permissible 
on the modified TIR. 

e. Reference. At the pilot's discretion, the opposite inbaard pylon station iHy 
has* stores uploaded to prcvlde »ore symmetrical loading of the aircraft. 

SECURITY CIASSIFICATION (of F.qulp-nent or Mod Attachments): UNCLASSIFIED 

10, SPECIAL WEIGHT AND BALANCE DATA: a. It shall he .verified that the Instrumented 
homh with low drag fin has the following ohararterlstlcs prior to flight: 

Weight: 1h0 lbs "’in., sin Ihs nax. * 
C.C: 7" AFT of FVD 1«.5 <♦ on« inch) 

I pitch « I yaw ■* Mass Moment of Inertia 42.3 slug -(Ft)Z (+ 2.1 slug - Ft)Z) 

CFRTIKICATION 

*•. the undersigned certify that within the respective erees of our rssponsiblllty this modlfirstton comsins no known flight or 
ground otfoty hatords which can be ettributed to the modification design 

ACNONAUTICAL engineer electnical engineer no oi etc AT ION engineer 

AFGC 15B 
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.«OWnCÀHOH INSTRUCTIONS AND CE, .IFICATON 
Aotf ÜJmTom 

IMTHuetMM 

«IRCNArr irtMMftCATIOM 

T“40 #«6“S69S 
***® •■HBHAI. Information (!'•• additional Miaala 

aaojtcr no. 

490VT00I 
aa taqalrad) 

K)WgRELOADING OAtA. »NSTRUMENTaTiOH—Q.C.ANALYSIS 

D.C.BüS total amps D C VOLTAGe 
1. MAIN 
2. N0N-ESSENTIAL 
3. TERTIART 
4. SECONDARY 6.8 

2ÕVDC ENGINE ALTERNATOR. 
28VDC ENGINE GENERATOR. 
28V0C TRANS RECT. 

EQUIPMENT NO OF UNITS AMPERES 
1 *Ifnal Conditioning i 0.4 
2 Togo Rocerdor • , 

l 5.4 
3 ■-* Cnanto 1 L. n 
4 

_5 

6 
. . 

7 
8 

9 

10 

II 

>2 

13 4 ' * «. V. 

14 t 

IS • 

16 

' TOTAL AMPERES /’ 6.8 





MISSION 

OATE NR 

¡9NW71 22 
23Jul71 34 
23Jul71 34 
27Jul71 35 
12Aug71 41 
12Aug71 41 
17Aug71 42 
lBAug71 43 
18Aug71 43 
26Aug71 47 
2oAug71 47 

!Sep71 50 
lSep71 50 
2Sep71 51 
2Sep71 51 
3Sep71 52 
3Sep71 52 

280ct71 57 
280ct71 57 

7Jan72 69 
7Jan72 69 

10Jan72 70 
22Mar72 85 
22Mar72 85 
15May72 98 
1sMay72 98 
18i4ay72 101 
19Mcy72 102 
19May72 102 
23May72 106 
23May72 1J6 
23May72 107 
24May72 108 
24May72 108 
24May72 109 
24May72 109 
25May72 110 
25May72 110 
25May72 111 
25May72 111 
26May72 112 
26May72 113 
26May72 113 

RACK BOMB 
STATION NUMBER 

CL 122 
CL 55 
RS 119 
CL 56 
CL 47 
RS 41 
RS 48 
CL 77 
RS 124 
CL 38 
RS 10 
CL 78 
RS 7 
CL 20 
RS 36 
CL 80 
RS 14 
CL 121 
RS 120 
CL 139 
RS 153 
CL 83 
CL 17 
RS 178 
CL 144 
RS 16 
RS 175 
CL 142 
RS 140 
CL 84 
RS 32 
CL 25 
CL 160 
RS 185 
CL 172 
RS 173 
CL 190 
RS 187 
CL 186 
RS 195 
CL 148 
CL 166 
RS 171 

APPENDIX C 
BOMB PHYSICAL DATA 

DIMENSION MOMENT OF INERTIA 

A B ROLL PITCH/YAW 
SLUG FT5 

35.4375 3.375 
35.7500 3.250 
35.8125 3.125 
35.3125 3.750 
35.6875 3.125 
35.6875 3.313 
35.5625 3.375 
35.1250 3.688 
35.5000 3.375 
35.5000 3.371 
35.5625 3.3i3 
35.5000 3.125 
36.0000 3.06 3 
35.3750 3.4.38 
35.8750 3.125 
35.5625 3563 
35.6875 3.250 
35.8125 3.063 
35.7500 3.063 
35.8750 3.063 
35.5625 3.250 
35.6250 3.438 
35.6250 3.125 
36.1667 2.771 
35.6250 3.188 
35.6875 3.188 
35.0875 3.188 
35.9375 3.063 
35.9375 2.875 
35.5000 3.500 
35.7500 3.063 
35.6875 3.125 
36.0000 2.938 
36.2500 2.563 
35.5000 3.313 
36.3125 2.088 
36.3750 2.o00 
36.1250 2.625 
35.9375 3.000 
36.2500 2.688 
35.8750 2.938 
36.1875 2.625 
36.1250 2.750 

1.69 36.81 
1.70 35.80 
1.71 37.30 
1.80 36.60 
1.70 37.60 
1.80 37.50 
1.80 37.50 
1.70 36.00 
1.71 37.21 
1./0 37.40 
1.70 37.00 
1.70 36.60 
1.70 38.00 
1.70 36.80 
1.70 36.90 
1.80 37.20 
1.70 36.90 
1.70 37.12 
1.71 37.53 
1.72 37.36 
1.70 37.17 
1.70 37.20 
1.70 37.00 
1.70 39.62 
1.73 37.76 
1.70 37.50 
1.68 38.02 
1.72 37.64 
1.78 37.51 
1.80 37.90 
1.70 37.30 
1.70 36.70 
1.67 37.50 
1.71 39.62 
1.67 37.82 
1.70 39.35 
1.72 39.43 
1.70 38.99 
1.69 38.33 
1.70 39.20 
1.70 37.80 
1.70 38.97 
1.70 39.34 

WEIGHT 

POUNDS 

498.25 
503.25 
505.50 
511.25 
516.25 
520.25 
516.75 
496.75 
506.25 
509.50 
506.50 
506.50 
516.00 
501.50 
505.75 
511.25 
503.25 
505.00 
508.26 
507.25 
503.00 
511.75 
506.00 
509.75 
511.50 
506.00 
500.25 
509.25 
509.75 
518.50 
509.75 
503.25 
503.00 
512.25 
496.25 
508.75 
513.75 
508.50 
503.50 
515.75 
5(:3.00 
510.50 
513.50 

MEAN FOR ABOVE LOT 35.77 3.12 1.71 37.65 508.06 

STD DEVIATION FOR ABOVE LOT .29 .30 .04 .95 5.64 

MEAN FOR 202 CLASS BOMBS 35.66 3.20 37.25 508.46 

STD DEVIATION FOR 202 CLASS .17 .27 - .42 4.38 
BOMBS 

CIRCUMFERENCE 
INCHES 

34.0000 
34.0625 
34.0000 
34.0625 
34.0000 
34.1250 
34.0000 
33.9375 
33.8750 
34.0625 
33.9375 
34.1875 
34.0000 
33.9375 
33.9375 
34.1250 
34.0000 
34.1250 
34.0000 
34.0625 
34.0000 
34.1250 
34.0000 
34.0000 
34.0000 
34.0625 
34.0000 
34.0000 
33.9375 
34.0625 
34.0000 
34.0625 
33.8750 
34.0000 
34.0000 
34.2500 
34.0000 
33.9375 
34.1250 
34.2500 
33.8750 
34.1875 
34.1250 

34.03 

.09 
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SAMSO (RSSG/Capt Boardman) 1 
AF (SAGF/Capt Crabtree) 1 
6S85 Test Gp (GDAS/Capt Birnbaum) 1 
NORAIR (J Gibson) 1 
USNOL (Mr. Schimdel) 1 
EOD Corp. (G. Lombardi) 1 
Aerospace Cor. (L. Westphal) 1 
Sandia Lab (Aeroballistics G. Stone) 1 
IDA Systems Eval Div (R. Mathews) 1 
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Litton Systems, Inc. (Dr Ausman) 4 
Analytical Sciences Corp (Dr Sutherland) 1 
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