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USER’'S MANUAL
RibEye™ Multi-Point Deflection Measurement System
2-Axis Version for 50 ™ Male Hybrid Il ATD
Hardware Manual for Model 7800B

1.0 Overview

The RibEye measurement system as designed foantlisopomorphic test dummy (ATD) has
the following components:

» The RibEye controller, also called the spine baX');'located in the ATD spine.
» Two optical sensor heads (“B”) that will attachsensor head mounting flanges (“C").

» Twelve light-emitting diodes (LEDS), two sets oé&ch (“D”), mounted on the ribs or
sternum. Some of the LEDs have an angled moustinfgce that aims the LED toward
the sensor head to minimize power requirements.

DANGER: The LEDs are very bright when driven at full power. Do not look directly at
the LEDs.

» Two LED connector blocks (“E”") that will be mounted the sides of the spine box.

» The interface box (“F"), also called the trunk Hmecause it is typically placed in the
trunk of the vehicle.

The RibEye specifications appear in AppendixPgures 1, 2, and 3dentify each of the

RibEye componentsFigure 4 shows how the components are interconnected.séihgor heads
and LED connector blocks are permanently connectéige controller (spine box). Power and
communications cables are provided for connectiegcontroller to the interface box (trunk
box). The interface box has sockets for Ethernahection, power input, and data acquisition
system (DAS) connection/trigger input. Mating ceators and pigtail cables are provided for the
power input and DAS/trigger connectors. The pogahie should be connected to a DC power
source. The DASI/trigger cable is used to providiegger input to the RibEye. Appendix B
contains the DAS/trigger connector pinouts andyggeircuits.

2.0 Mounting the RibEye

Diagrams for mounting the RibEye controller, serseads, and LED connector blocks are
shown inFigure 5. The controller, sensor heads, and connectokblsicould be mounted to the
dummy’s spine prior to assembling the ribs ontogbi@e. The following mounting instructions
are for application in the $0Male Hybrid Il ATD, Model 7800B.

2.1 Controller mounting

The RibEye controller is mounted inside the tophef dummy spine in the rectangular opening.
The power and communication cables should be coadec the controller before the controller
is mounted in the spine. The controller slides ihie spine and is attached with four screws
(Figure 3 A). The power and communication cables will comedfuihe back of the spine and
then down under the skin to exit at the bottorhefjacket. These cables will be routed to the
interface box.

Copyright 2010 Boxboro Systems LLC
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Figure 1. RibEye components

Copyright 2010 Boxboro Systems LLC



1 November 2010

Figure 2. RibEye components mounted on spine box — side view
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Figure 3. RibEye controller mounted on spine box — rear view
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Figure 4. RibEye connections
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Figure 5. Diagrams for mounting RibEye components
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2.2 Sensor head mounting

The two optical sensor heads are mounted to thes sifithe spine on flanges. Each mounting flasge i
attached to the spine with four screws. Note ti@tmounting flanges have alignment pins thanfib i
precision holes in the spine. Each of the two @eassembilies is attached to its mounting flandh wi
two screws. Note that the sensor assemblies @neted such that the cable is pointed upwards. The
sensor heads and flanges are also showigire 1 B and C and Figure 5

2.3 LED connector block mounting

The two LED connector blocks mount on the sidethefspine box with two captive screws for each.
Figure 2 E shows the connector block on the left side of#piee. Note that the connectors have a
locking tab that must be pressed to remove the t&fhector from the connector block.

2.4 LED mounting

After the controller, sensor heads, and connedtmklare mounted, the ribs can be assembled oato th
spine. Next, the LEDs can be mounted to the ribe. best performance, the LEDs should be mounted
+/=70 mm in the dummy Y direction from the centeliof the sternum, or approximately 90 mm along
the curve of the ribs from the centrline of thesten. These are the LED positions showfigure 5.
This places the LEDs on the ribs where the dampiaterial begins to taper down from full thickness.
Figures 9 through 12show the LEDs mounted in the proper positions.

The top rib is Rib 1, and the bottom rib is Ribl&ft and right refer to the dummy’s left and rigides.
The LED cables are marked with the default locatitnere the LEDs are intended to be mounted. The
LED cases have three different stylegg(re 6):

e 36-degree angled back, intended for mounting ors Riand 6
» 22-degree angled back, intended for mounting ors Riend 5
» Flat back, intended for mounting on Ribs 3 anché,denter ribs.

11

Figure 6. LED cases with angled backs (36 and 22 d egrees) and flat back

The LEDs are angled so that they will be aimed tovthe sensor heads, providing the maximum amount
of light to the sensorskigure 7 shows the radiation pattern of the LEDs. Note the brightest light is
directly in front of the LED (on axis), and the difitness gets lower at larger angles. The RibEye
controller continuously adjusts how hard it dritee LEDs to get a good signal from the sensors.
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Figure 7. LED radiation pattern

The RibEye uses different calibration curves tacpes the LED data, depending on which rib (theig-ax
location) that the LED is mounted on. To obtaia fuaranteed accuracy, the LEDs must be mounted on
the ribs specified below.

The LED cable markings are—
RIB 1 LEFT
RIB 2 LEFT
RIB 3 LEFT
RIB 4 LEFT
RIB 5 LEFT
RIB 6 LEFT
RIB 1 RIGHT
RIB 2 RIGHT
. RIB 3 RIGHT
10. RIB 4 RIGHT
11. RIB 5 RIGHT
12. RIB 6 RIGHT

©oOoNOOOOA~®NE

The LED cases have holes drilled in them to allogvltEDs to be mounted to the ribs with nylon zgsti
We recommend the use of strong double-stick taeldition to the nylon zip tiesrigures 8 through
11 show steps in the LED mounting process.

After the LEDs are mounted, the LED cables shoeltidd down, also using nylon zip ties, to prevbst
cables from crossing the path between the LEDgfandensor headEifure 12). If the light from a
LED to a sensor head is blocked, the position repdill be invalid. Figure 13 shows the outside view
of the LED mountings.

10
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Figure 8. Double-stick tape on LEDs

Figure 9. Putting a LED on Rib #1 (top rib) with n  ylon tie

Figure 10. Another view of LED on Rib #1

11



1 November 2010

Figure 11. LEDs on Ribs #1, 2, and 3

Figure 12. All six LEDs on one side of ribcage

12
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Figure 13. Outside view of LED mountings
2.5 Interface box mounting

The interface box, or trunk box, is intended tarmmunted in the trunk of the vehicle, near the DAS a
the power source. Four holes are provided on déise bf the box for mounting. The interface boxlgan
mounted in any orientation, but we recommend tha¢ imounted such that the side of the box witlofall
the connectors is easily accessible.

The communications and power cables from the dpirxeare connected to jacks on the interface box.
An Ethernet cable is used to connect the intedfeceto a router/hub or directly to a laptop PCck3aare
provided for incoming power and DAS/trigger connets.

3.0 Operating the RibEye

The RibEye operates as a stand-alone smart séraamailects and stores data. In this stand-atoode,
a PC program is used to control the RibEye and ttmwehdata. In addition to controlling the RibEye
with the PC program, the interface box has a stahsand a manual “Arm” button. The status light
will blink at different rates depending on the staf the RibEye:

e 0.5 Hz = idle with data in memory

* 1.0 Hz = idle with memory erased

e 2.0 Hz = acquiring data

» 5.0 Hz = storing data in flash memory

e 10 Hz = erasing flash memory.

The Arm button can be used to manually arm the fRhkhen it is idle and the memory is erased. You
must hold the Arm button for at least 3 secondarto the RibEye.

13
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3.1 RibEye IP address

The RibEye ships from the factory with its IP addreet to 192.168.0.240. This IP address can be
changed to work with your local area network (LANjou can also communicate with the RibEye
directly using a PC, without connecting to a LANo directly connect a PC to the RibEye, your PCtmus
be set up with a fixed IP address on the same salsrtee RibEye. Refer to the RibEye Software Manu
for instructions on how to change the RibEye IPrassl

3.2 LED flashing on power up

When the RibEye is powered on, it will flash eaéihe LEDs for about 1 second. The LEDs will flash
in the following order:
Rib 1 Left
Rib 2 Left
Rib 3 Left

Rib 4 Left

Rib 5 Left

Rib 6 Left

Rib 1 Right
Rib 2 Right

. Rib 3 Right
10. Rib 4 Right
11. Rib 5 Right
12. Rib 6 Right

4.0 RibEye Software

Instructions for installing and operating the RiBEC software can be found in the RibEye Software
User's Manual. The software manual can be fountherdisk shipped with the RibEye or on the
Boxboro Systems website fattp://www.boxborosystems.com/servicepage.htidpdates to the RibEye
PC software can be downloaded from the websiteestiecome available.

© 0N A WNPRE

5.0 RibEye Maintenance

The RibEye lenses must be kept clean for accuratsarements. Dust and smudges from fingers can
affect the accuracy.

To clean the lenses:
1. Blow the lenses off with canned compressedmait $hop air) to remove any grit
2. Wipe the lenses with a clean, lint-free clotd &ns cleaning solution or alcohol
3. wipe the lenses with a dry, clean, lint-freetltlo

Never remove the lenses from the case or looseletisecover screws. If the lens are loosened, the
calibration will be invalid.

There are no user-serviceable parts in the RibEye.

14
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Appendix A. RibEye specifications
Measurement accuracy and range

The measurement range of the RibEye in the X-Yglarshown irFigure Al.

Hybrid lll RibEye X-Y Range
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Figure Al. RibEye measurement range in X-Y plane

The accuracy of the RibEye depends on the Z (updamah) position of the ribs as shownTiable Al.
Refer to the calibration report for the RibEye ¢@ $he measured accuracy over the measurement range

Table Al. RibEye accuracy in Z positions, mm

Z deflection (per rib) X Accuracy |Y Accuracy
0 (no Z deflection) 1 1
up to +/-5 1 2
-51t0-1051t0 10 2 2

Power requirements

The RibEye can be powered by any DC voltage sduoce 12 to 36 Volts. The power cable from the
RibEye’s interface box to the power source hasdamductors: the red wire is positive, and the lblac
wire is negative. The interface box has an intesaHli-resetting polymer fuse. It can take up thégr to
reset after an overload.

15



The power draw depends on the RibEye’s operatingitons, as shown ifiable A2.

Table A2. RibEye power requirements

Operating Interface Box | Controller + LEDs | Total
Conditions Watts
On/idling 3.3 2 5.3
Collecting data (typical) 3.3 5 8.3
Maximum®* 3.3 9 12.3

* When all LEDs are out of view of both sensors and driven to full power.

Data acquisition and storage

Sample rate: 10,000 samples per second per LED
Acquisition time: 30,000 ms (30 seconds) in D-RARI Seconds in Flash
Data is collected to RAM memory and stored postiteash memory.

Control signals

1 November 2010

The DAS/trigger interface cable has 8 conductoesldsr trigger inputs and control/hand-shaking algn
to an external data acquisition system.The trigger control signals are listed Tmble A3. All unused
control wires should be individually insulated grdtected. The Trigger output signal is not usethis

model.

Table A3. RibEye trigger and control signals

Pin # Color Code Function
1 white switch trigger in
2 brown 5V through 1k resistor for pull-up
3 blue ground
4 green differential trigger in +
5 orange differential trigger in —
6 yellowt +5V (50 milli-amp maximum)
7 black armed output
8 red trigger output

Differential trigger inputs (pins 4, 5)

Maximum differential input voltage: +/— 12 VDC

Minimum differential input voltage: +/- 0.2 VDC

Common mode input voltage +/— 12 VDC

Switch trigger input (pin 1 with respect to pinggpund)

Maximum input voltage = 5.0 VDC
Minimum “on” voltage = 3.3 VDC
Maximum “off” voltage = 0.4 VDC

Current limited by 1k resistor

16
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Additional 5V for external power (pin 6)

» Output voltage 4.75 to 5.25 volts

» Limit external loads to 50 milli-amp maximum
e Short circuit will cause resettable fuse to trip
Armed output (pin 7)
e Output voltage 4.75 to 5.25 volts at 0.5 ma maxméwened

e Output voltage 0.5 volts when disarmed

» See Appendix B for a schematic of the armed outjyatit

Communication and power cables

These cables connect the interface box in the heetrignk to the RibEye’s controller. The
communication and power cables are internal tdRilEye system and should not be modified in any
way. No user connections are available on theklesa

Note that the input power cable is terminated atuber end in pigtails. The red wire is connetietthe
DC power supply positive power connection. Thekbhaire is for the DC power supply negative
(ground) connection. The power cable shield shbaltied to either the vehicle common ground point
the DC power supply negative (ground) connectiomath, depending on the configuration of your DC
power grounding scheme. We recommend that yothé&ryarious shield connection options and see
which option provides the lowest noise on the RibHgta.

17
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Appendix B. Trigger Inputs and Armed Output circuit s

The DAS/trigger interface connector on the RibEymetsrface box is an 8-pin Lemo connector. A
mating cable, terminated in a pigtail, is suppléth the RibEye. At this time, 7 of the connecto8
pins can be used for triggering and status. Tilgger output is not programmed on this modEhble
B1 lists the pinouts, pigtail color code, and sigiugction . Refer to the specifications sections for
maximum voltages applied to these connections

Table B1. Trigger sighals

Pin # Color Code Function
1 white switch trigger in
2 brown 5V through 1Kk resistor for pull-up
3 blue ground
4 green differential trigger in +
5 orange differential trigger in —
6 yellowt +5V (50 milli-amp maximum)
7 black armed output
8 red trigger output

Figures B1-B4show how to connect trigger switches, active Ta\el trigger sources, and differential
trigger sources. Where a trigger switch is shoyaw, can use the same configuration for open caltect
transistor output trigger sources. If you wantise a photo-interrupter type trigger source, yau ca
power it from the 5V supply on pin 8.

Figures B1-B4also show the input circuitry in the interface bdXote that the differential receiver
connected to pins 6 and 11 is enabled when a €ifal trigger is selected. The output of the iezreis
internally connected to pin 10, the “SWITCH OR TTiigger input.

WARNING: DO NOT EXCEED THE MAXIMUM INPUT RATING GIVEN IN THE SPECIFICATIONS
SECTION (Appendix A).

Figure B5 shows the armed output circuitry that you can osmanitor the state of the RibEye.

18
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Figure B1. Trigger switch connection

For this connection, if the switch closes at tletstf the event, select—
SWITCH OR TTL, FALLING EDGE TRIGGER
If the switch opens at the start of the event,dele
SWITCH OR TTL, RISING EDGE TRIGGER
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5V

RibEye Trigger Interface
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Figure B2. Alternate trigger switch connection

For this connection, if the switch closes at tletstf the event, select—
SWITCH OR TTL, RISING EDGE TRIGGER
If the switch opens at the start of the event,dele
SWITCH OR TTL, FALLING EDGE TRIGGER
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RibEye Trigger Interface
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TTL TRIGGER SOURCE

Or

3
M)
-/

Figure B3. TTL trigger source connection

For this connection, if the input at pin 1 goesrfrOV to 5V at the start of the event, select—

SWITCH OR TTL, RISING EDGE TRIGGER

If the input at pin 1 goes from 5V to OV at thersta the event, select—
SWITCH OR TTL, FALLING EDGE TRIGGER
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5V

RibEye Trigger Interface
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Figure B4. Differential trigger source connection

In this configuration, if the differential driveransitions from HIGH (pin 4 voltage > pin 5 voltade
LOW (pin 4 voltage < pin 5 voltage) at the startiod event, select—

DIFFERENTIAL, FALLING EDGE TRIGGER

If the differential driver transitions from LOW (p# voltage < pin 5 voltage) to HIGH (pin 4 voltage
pin 5 voltage) at the start of the event, select—

DIFFERENTIAL, RISING EDGE TRIGGER

Note that when differential triggering is selecttdtg output of the differential receiver can be itamed
at pin 10.
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Figure B5. Armed output circuit
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