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ABSTRAC]

This report describes a velocity window detector that senses

that the velocity of a test item is within a specified tolerance,

(hence the name velocity window). 1f the velocity window criteria

1s satisfied then the detector initiates a desired event.
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[. INTRODUCTION:

This report describes a velocity window detector designed for use
at the AF High Speed Test Track, Holloman Air Force Base, New Mexico.
1T. GENtRAL DISCUSSION:

The purpose of the velocity window detector is to sense that a test
item, usually a sled, is moving at a desired velocity within a specified
tolerance, (hence the name window). If the velocity window criteria
is met then the detector initiates a desired event. As shown in Figure [,
), at time T

the sled passes track stationl, (S and next passes track

| 1

station 2, (S,), at time T,. The average velocity between S] and S, is:
=

r
-

3 Se f é] 5 5};
t& ]‘, - T] T]?
v

The time, (Il,). that 1s required for the sled to travel from track station

o)

1 to track station 2, is:

>

5 an example, if track station 1 is at 6350 ft. track station 2 is at
6950 ft, track station 3 is 7000 ft and the average velocity is 1000 ft/sec
then:

S, = 6950 - 6850 = 100 ft

r‘? 5 1000 Fi/sec - 100 msec

The sled would take 100 msec to travel from 5'

to S,. If the velocity
vemained 1000 ft/sec for the 50 ft between S, and SQ then the slea woul i

take 50 msec to travel from S, to S..
L < .
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If the velocity is not equal to the desired velocity V]ﬂ. but 1s 1nstead

equal to K times the desired velocity then:

V Ky !
s i

] v oMb | S (O
12 \1q lel K 12

Where !]\ is the actual time, y]; 1s the desired velocity and ‘l:

is the expected travel time at the desired velocity V];. As an example
“
5 is 6350 ft, S, is 6950 ft, S, 7000 s V}; is 1000 ft/sec and V]\ is
“ ~ < s

10% low:

T, = — (100 ms) = 111.1 msec
if v]2 was 10 high, then:

] 5 = 1]1 (100 ms) = 90.91 ms

Table 1 shows several examples. In each example the distance between

S, and S, is 100 ft and between S, and S

| is 50 ft. The high velocity

s

results in a low time, (window start time), the low velocity results in

if

d

high time (window stop time). Window times are rounded to the nearest milli-

socond.

TABLE 1
Tvpical Examples
DESTRED VELOCITY +1 ERROR NOMINAL TIME START TIME STOP TIME
1000 ft/sec 10 100 msec 91 msec 111 msec
1000 5 100 95 105
1200 10 83.33 76 93
1200 b 33.33 79 Fate)
300 10 125 114 139

300 5 125 119 132

50 ma

"
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Minimum time corresponds to max velocity therefore:
} Y

N ¢
V?j ‘ ‘ V: 3
H,‘;
50 ms € Tpy = =
23 sz
325 > 50 ms (Vy3) = 50 ms (1.1 Veé)

%23 > 50 ms (1.1)(456 ft/sec)

323 > ds. (s hE

tet S = 30 ft

23

then

7000 - 30

w
i

6970 ft (track station)

w
"

¢ S] is arbitrarily chosen as S] 2 S2 - 100 = 6870 ft

D. From the listing corresponding to Figure Il we see that at 30 to 130 ft,
(S, to S,), before the desired event, the nominal velocity is approximately

2 ]

454 ft/sec. The window times are:

Nominal: s 5]? 100
12 V]é 454

T]é = 220 ms
s 5
220
Window start time = -%g‘= 1370 = 200 ms
T (;
A
Window stop time X fgg = 244 ms

)

These calculated parameters are summarized in Table J.




TABLE 3

VELOCITY WINDOW PARAME TERS

St 7000 ft
S 69/0 ftt
S3 6370 tt
Start time 200 msec
Stop time 244 mseq

[V. FUNCTTONAL DESCRIPTTON:
A block diagram of the velocity window detector 1s shown in Figqure {11
Signal names corresponding to the circuit are shown in parenthesis
A.  Phase Locked Clock The internal clock is phase locked Lo an
external reference source. lThe external source may be GI%T [RIG, or a
square wave, at any nominal rate specified in Table 4, as selected on
switch .\l.
TABLE 4
EXTERNAL TIMING CODE RATES
50 kMz
S0 KHz
10 kHz
& kHz
2 KHz
he phase lock clock will track the external reference but i1t the external
clock is lost, the internal clock will rapidly drift oft trequencv. the
input is transformer coupled, permitting the external sianal to be
cither polarity. The input signal level should be between 2 and 0 volts

peak to peak.

* GI is an internal Track time code.

v






{ cCounter The counter 1s cleared each mitiysecond or un

breakwire ois broken When the sled reaches track station S B pens,

\

breakwire |oand the counter starts counting up ot a | KHZ rate (which

vesults in a one millisecond resolution)

\ Comparator: Before the window start time, the comparator checks the
counter contents against the start time switch setting When they are
cqual the window 15 opened Atter the window 15 opened the comparatoy
checks the counter contents against the stop time switches. When the
counter contents (‘\imll\ the ‘-[UI‘ time switches the window 1s closed |t

should be noted that with this technique the window may be opened indetinytely
by selecting a stop time that is less than the start time

C. Detector It the sled opens breakwire 2 at track station S, while
the window is open then the detector will activate the event initiatom
The event initiator will remain activated until the velocity window 1s
reset. 1 the sled does not cut breakwire O while the window 15 open then

the ovent inttiator will not be activated.

D, tvent Inttiat,m The event minittiator 1s a high voltage powem Py

at track station \;. The high voltage 1s armed through a relay controlled
a second relay in the detectom Fime delavs, under nominal conditrons,
he two relays and trackside cable are 10 to J0 milliseconds Lheretore,
time required tor the sled to move from S, to S, should be 1n ex

vt S0 milliseconds fO ansure proper arming

V OPERATING INSTRUCTTONS

A, Insure that cables are connected as shown i fable b

l Set code rate to 2, (2KHZ)

L. Turn power on The power indicator and the data indicator shou
irnoon




ONNE CTOR

PIN

» R >

—

FTABLE 5

EXTERNAL
 LGNAL

115 VAL
Ground
115 VAC

Relay arm
N.0O. contact
Ground

Ext timing
Ext timing
Ground

Ext timing

Ext timing

CONNECTTONS

REMARKS

Lhassais ground

Breakwire

Breakwire |

Contact close when event

txternal timing, 2-20 volts, either polarity,

(usually 2KHZ G

Same as J5 A.

Same as JH B.

timing)

inttiation

Curs.-

x'



B.  Set: HR MIN St MS

Start time N e JY 6o
Stop time 00 00 19 909
t. Push reset Lt0Mindicators BW1, BW? and VEL should be otf
f. QOpen breakwire #l. lmmediately LED indicator BWI should 1ight
Approximately 13 seconds atter BWl, open breakwire ¢. Both indgicators
! BW2 and VEL should go on The trackside screen box should be armed and
hot at this time.
Gi.  Reconnect both breakwire and push reset. Indicators BWIi, BW., and

Vil should qo oft,

H. Steps I and G should be repeated twice. Once BW. Should be ooene
before 9.696 seconds, and once BWZ should be opened atter 1b6.969 seconds,
in each case indicator BW2 should turn on, but VEL should not turn on.
[. lInsure that both breakwires are properly reconnected and installed.
J.  Set the mission velocity window start time and velocity window
stop time.
K. Push reset. The velocity window detector is now ready and indicators

BWI, BW2 and VEL should be off.

(. After the mission the indicators should show if BW1 and 8W. were
broken. [f BW2 occurred between the start and stop times then Vil should
be on.

* Light emitting diode




SWITCH
Power
Lode Rate

tart time

Stop time

Reset
SBW1

SBW?2

INDICATORS

BWl
BW?2

VEL

VI, SWITCHES AND

INDICATORS :

TABLE ©

SWITCHES
FUNCTION
Applies AC power to all circuitry.
Selects desired timing code rate (normally set to 2
G.T. timing).
Selects desired window start time with respect to
BW1 opening, to activate velocity window.
Selects desired window stop time, with respect to BWI]
opening, to deactivate velocity window.
Resets relay control and velocity window timing circuits.
Simulates opening of first breakwire.
Simulates opening of second breakwire.

TABLE 7

INDICATORS
FUNCTION
On indicates the internal power supply is on.
On indicates that an external signal is applied to the
external timing input. It does not indicate that the
clock is phased locked to the external siagnal.
On indicates that breakwire 1 was broken.

bl

On indicates that breakwire 2 was broken.

On indicates that breakwire 2 was broken between the

start time and the stop time.

for 2KHZ

‘f
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(1

)

) to kPe
P3 to TP4)

A
LADLLLE

TEST POINT VOLTAGES

Breakwire Shorted Rreakwirve Open

2.4-3.3 volts 8.0 volts
(Depends upon

breakwire resistance

up to 2002)




VII. MODIFLICATIONS 10 MODLL 9800 CAMERA CONTROULER

The velocity window detector 1s a moditied model 9300 camera controller
(DATUM, part number 9300-610). This section describes the modifications
necessary to convert the model 98300 camera controller tor use either a.

a camera controller or as a velocity window detector.
A. The following wiring modifications to the model 9800 camera

controller are required:

l. Remove the following wires:
FROM 10 STGNA]
Pin 12 C} Pin 10 C9 Fwd
£25 2 [T 08 2 1CC3

i Add the wires to J102 shown in Table 8.

3. On the LED Driver Card (DATUM, part number 16160) jumper
plug P102 pin 6 to pin 8 and pin 5 to pin 7. These jumper wires added to the
LED Driver Card replaces the wires removed in ! aboave when the LED Driver
Card is inserted.

B. To use as a velocity window detector:

K Remove D4 (SN74107) and replace with jumper plug D4 substitute.

(This holds STBI and STB2 at a zero).

&: Add front panel for rack mount.

3 Remove LED Driver Card and replace with the detector card.
C. To use as a model 9300 camera controller:

B Remove front panel.

2 Remove detector card and replace with LED Driver Card,

(modified as discussed in A.4. above).




VELOCITY WINDOW MODIFTCATION
i‘l"'" > Pin
PRESEN] \0D REMARKS
. = .'_'——‘- iind . TS e W ‘l
+E\ Vo (5 volts pwr)
ged’ volt pwr
§: Reset
10C1T 200KH/
1009 I wt
— +
ane TCC3
i )‘ 1 )",\
N7 Vel
TP1, J3B No change BWIH(Breakwire 1 hi)
LR L } Aneli ; : A
|
' - - - .
Ground No change  'Grd (pwr qround)
} S | .
} 4 ) |
co |
!
|
3 I ; |
e , |
P2, TP4 lo change JGND (sianal around) |
P33, U2B { No change SWOH(Breakwire hi)
] ]
4 '
J2A | No changs BW2L (Breakwire 1ow
t b - e -
R2 -C1 s No change Not used
3 - ' e e
|
4 . -
J3A No change JW]I (Breakwire 1 low
. + o > Eeioy -
RI-CT No change Not used !
" ——— —— g = ' .
t3V l No change +t8V (+3 volts) ‘

k'




¥, Remove Jumper plug in D4 and replace with SN7410/.

C. As an operator aid an indicator can be added to show that
external time pulses are present at tne camera contreller. This
modification adds an LED indicator to the UDatum Medel 7300 camera
controller. The purpose of the LED is to provide an indication that pulse
timing 1is arriving at the camera controller. The DAIA indicator does not
indicate that the internal clock is phase locked to the external timing.
This modification consists of:

s Replace R26 (150 ohm) with a 50 ohm resistor.

~no

Mount a LED on the front panel.
Insert the LED between R1 and R26 as shown in Figure IV

When external timing is present the pulse train will pass through
steering diodes CR1 (or CR2) capacitor Cl and transformer T1 and switch
the output, (DATA), of F5. This will cause D7 pin 10 to switch current through
the LED (0S5). If external timing is not present UATA will be a zero and the

output D7 pin 10 will be high.
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A, Time Delays:

Of particular concern for the velocity window is the time lay
between the time (T,) that breakwire 0 1§ broken and the time that th vent
initiator (screenbox) is activated The control signal that energizes the

screenbox must pass through two relays, the tirst relay in the velocity
window controls the second relay (trackside in the screenbox power supply)
that applies the high voltage to the screenbox.

In order to measure a worst case delay the circuit of Figure V
was used. The velocity window control signal was routed from the Track Data
Center to FOX 90, 2 and looped to a screenbox power supply back to a screenbox
power supply at the Track Data Center. The total length of cable was
approximately 36,000 fteet. The measured time delay between breakwire 0 and
voltage on the screenbox power supply output was 13 milliseconds.

B. Operational Tests:

The velocity window was tested on several active sled tests. The

test setup is shown in Figure VI and test results are summarized in lable 10.
OPERATTONAL TEST RESULTS

TABLE 10

START STOP

MISSTON S S




«

¢l

<L

[t

19




148

MOONIM
ALIJ0T3A

ot

m
w
|
|
w
_
_
A
_
|
|
|
,
|
|
i ! A1ddNS ¥3MOd e i d

| mwxomz.m%m e
b4 5 |
e e — g |
30Y 1934 1N als __rsWILI\\/\/llJ.H(SmEu%m _
¥S N

Y IA 340914
8L NNC €¢ d9

l# 1S31 TYNOILVYIdO

7

20




|
4

e )
— ——
2( £l
s 2 'ON
p AlddNS ¥3IM0d < —
/
i === - -~
e /T ———— 4 X08N33435
=) 3 L N )
| 7S -
| — o
|
.- Py e Poios  potn: o s e o
334IM4 G37S 53X08M3343S ZM8 (Mg
v
= N, L "ON )
2 { F iz (ESEE R
AT1ddNS 43M0d -~
b by Nl YOANIUOS |
N | —— |
ve
§ -
g8 IA 34n914
gL ne 2t 92
= = .
2z 1S31 TYNOILYY
2]
~ B s -
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SCHEMAT ICS
The velocity window detector s a modified Model 9800 camera controller.
These moditications allow the controller to be used etther as a camera
controller or as a velocity window detector Detatls of the moditications
are in Section VIL ot this report.
when the controller is contfigured as a velocity window detector, some of
the controller electronics are not utilized. The tollowing schematics do

not reflect electronics that arve in the controller, but that are not used

in the velocity window configuration. Schematics tor the camera controller

are provided in the Model 9800 controller manual.
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P10
1O
P 10:
HAREY
102 1G3
P10 16
ol 10 JG3
102 VG
P HGa
10P10 1Go
P102 4G
2102 Hio
J3P102 266

OP 100
JG1
6]
1061

1G]

1OGH
RICRS
1Gh
1G3
Ground
thY
HG

3Gh

10y
Wit

o
Ut TEC

LIST FOR

ton Aty

Ground
Lround
Recet

JO0OKH/

BWIH
BWTH
BWI!
BWTL
t8Y
N
HR1
HR1
HR
SR
BWIS
BWIS

Resot

BW2S
Reset
tround

thy

L BWI

)
RIY:

f RUOM

2G5
Jddili

12G2

14060

Y
i

Ground
toV
G4
Ground
thy

1 36G6

bhd

|
[SLLE b J

1 2G4
tnd
10G6
49111
3d1

Ground
Lroua
Lround

BW L

thY
thY
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