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PREFACE

The waveform generator, described herein, has been developed for the
Natiomal Highway Traffic Safety Administration (NHTSA) by MGA Research
Corporation. The waveform generator provides standard signals for testing
the performance characteristics of data acquisition channels at the
facilities of NHTSA crash test contractors. Initidl development of the
waveform generator was carried out under the Test-Gite Instrumentation Study
(Contract No. DAT-HS-8-01935, Task Order No. 3). Modifications were
subsequently made under Phase I1 (Contract No. DTNH22-82-C-07041) and FPhase
111 {(Contract No. DIRS-57-84-C-00003, Task Order Nos. 3, 3A, 8, 8A, and
Purchase Order No. DIRS-57-86—FP-81635) of the study. This report contains

the operating instructions for use of the waveform generator.
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1. GENERAL INSTRUCTICN

An overall view of the waveform generator instrument is shown in
Figure 1-1, which also identifies the location of the data output connectors,
the instrument control switches and [ight indicators. To use the instrument,
it is first necessary to connect up to 16 channeis to the data. recording
system input. These output connectors are located on the side of the
instrument. (See output connectors pin assignment for more detail.) After
the output lines are properly connected, the instrument power can be turned
on. To function correctly during the self-test, before the instrument power
is turned on, set the transducer type switch to piezo resistive and the
caiibration mode switch to manual negative. These settings are only necessary

while the instrument is going through the self-test.



TRANSDUCER TYPE SWITCH

TIME ZERO
POLARITY SWITCH

CALIBRATION
MODE SWITCH

INDICATORS

J1

POWER
SWITCH

J3 SWITCH

Figure 1-1 GENERAL OVERVIEW OF THE WAVEFORM GENERATOR INSTRUMENT



2. POWER REQUIREMENTS

The instrument operates on 120 volts A.C., 60 Hz,and it requires a
current of 1 amp. To minimize the potential for output noise contamination
due to power line ground loops, it is recommended that the A.C. power source
for the instrument be connected to the same power circuit that supplies power
to the data acquisition and recording system. Turning on the power switch on
the instrument activates the internal electronics.



3. SELF-TEST

The waveform generator instrument performs three internal tests to
ensure the proper operation during recording sequence. These tests are
performed every time +the instrument goes through power on. As
mentioned in Section 1, to function correctly during the self test, before the

instrument power is turned on:

1. The transducer type switch must be set to piezo resistive

position.

2. The calibration mode switch must be set to manua! negative

position.

When the instrument power is first turned on, all pane! indicator
lamps light wup for 12 seconds to test the |ights. The instrument then goes
through a built-in time delay of one minute to allow for the stabilization of
the electronics. During the one minute, the "warm-up" |ight is on. Affer the
one minute warm~up, an internal self-test is performed on the instrument
electronics.

The sel f-test consists of three internal! checks:

1. A test of the data clock and associated interrupt bus operation

2. A test of the amplitude linearity of the output data

3, Verification of the data contents stored in the waveform memory

chips
If +these checks are completed successfulty, the instrument will be in
to a ready mode. This is displayed by the panel indicatocr (Ready Light).



[f the system fails the self-test, the FAIL indicator and a
combination of other indicators flashes this condition and the instrument is
interlocked tfo prevent data recording. Momentarily turning off the input power
resets the wunit and initiates another warm-up and sel f-test sequence. [If the
system continues fo fail the self-test, a problem exists in the instrument,and
repair is required. To identify the cause of the failure, the FAIL indicator
and different combinations of the other indicators flash +o signal each

failure. These combinations are as follows:

1. FAIL and RECORDING indicators flash for fault in data clock or

interrupt bus operation.

2. FAIL and CALIBRATION indicators flash for inaccuracy in amplitude
linear ity of the output data.

3. FAIL, READY, RECORDING; FAIL, READY, WARM-UP; or FAIL, READY,
CALIBRATION indicators flash for inaccuracy in the content of
EPROM's IC (test waveforms data stored in EPROM) for first
sequence of waveforms. These ICs are located on EPRCM Board 1
and are |listed in [ICI, 1CZ2, IC3, 1IC4 on the |ayout diagram
(Figure 3-1 presenfs a layout ofrEPROM boards) .

4. FAIL, READY, CALIBRATION, WARM-UP; FAIL, READY, CALIBRAT!ON,
RECORDING; or al! indicators flash for inaccuracy in content of
EPRCM's IC for second sequence of waveforms. These ICs are
located on EPROM Board 2 and are |isted as ICI, IC2, IC3, IC4 on
the layout diagrem.
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are:

as follows:

FRONT PANEL CONTROL

There are five light indicators. The functions of these indicators

Warm-up - This ftight indicates that the instrument is going
through a warm-up delay to allow the electronic components to

become stabla.

Ready - This light will be on when the instrument passes the
sel f-test successfully and is ready to produce the waveform or
calibration signal outputs.

Fail - This light indicates a failure occurred during the sel f-

test operation,

Recording ~ This light indicates that the instrument is

producing test waveform outputs.

Calibration - This light indicates that the instrument is

producing cal ibration signals.

There are three rotary switches. The function of these switches are

Transducer Control - This switch controls the voltage level of
the output. The strain gage setting produces a level of -10 MV
to +10 MV output, The piezo resistive setting produces a level
of -100 MV to +100 MV.

Time Zero Contol - This switch controls the polarity of the

time zero signal generated by the ins*rument.

-



® Calibration Control - This switch controls the type of
~cal ibration contfrol and also the level of the <calibration
output. By placing this switch in the MANUAL POSITIVE (MANUAL
NEGATIVE) position, the instrument generates a positive voitage
(negative voltage) when +the calibration switch is pressed. By
placfng the switch in the REMOTE position, a remote TTL signal (0
to .75 volts as TTL "O", 2.4 to 5 volts as TTL "1'") controls the
polarity of +the calibration voltage. A '"Q" TTL signal (0 to .75
volts) causes the instrument to generate positive voltage when
the cal ibration switch is pressed. A ™" TTL signal (2.4 to 5.0
volts) causes the instrument fo generafe a negative voltage when

the cal ibration switch is pressed.

There are +two momentary switches. The function of these switches

® Recording - This switch initiates the generation of test data
for a recording sequence. Test waveforms are produced on 18 data
channel s.

e Calibration - This switch initiates the generation of calibration

voltages on all 18 data channels,




5. OUTPUT CHANNELS

The waveform generator .instrument generates the test waveforms on 18
data channels in two differenf'sequences. In addition to these data channels,
the instrument génera+es two types of time synchronization signals. These data
output channefs are located on J1 and JZ connectors. The two time
synchronization channels are located on J3 connector (for more detail on these

connectors see output connectors pin assignment).

Figure b5-1 presents a->ske+ch of the sequence of the test waveforms
and time synchrenization outputs. Channefs‘ , 2, 3, 4,9, 10, 11 and 12
contain the first grcup of *es+ waveforms. These channels are located on the
J1 connector. Channels 5, 6,‘ 7, 8, 13, 14, 15 and 16 are located on the J2
connector. Channels 1 to 16 are low level channels (-100 to +100 MV; -10 to
+10  MV), Channe! 17 (18) genergfes_ the first (second) gréup of test
waveforms. Channel 17 and 18”'afe lbcé*ed on the J3 connector and these two
channels are high level channels (-5.0 to +5.0 volts; ~.5 to +.5 volts). This

output signal arrangement is illustrated graphically in Figure 7-1.
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6. REMOTE CONTROL CAPABILITY

The waveform generator instrument is capable of being controlled by a
remote computer. The remote computer shall be capable of producing TTL
compatible signals. The remote control can initiate the self-test operation as
well as the cal ibration or recording sequences. To initiate a calibration or 2
recording sequence a "1" level TTL signal is required (2.4 to 5.0 volt is TTL
Ny, For remcte cal ibration control please see the calibration control switch
explanation in OSection 4. The remote control signals should be connected to

designated pins on J3 connector.

11



7. OQUTPUT CONNECTOR PIN ASSIGNMENT

The waveform generator low level output signals are terminated on the
two large connectors on the side of the instrument (see Figure 1-1). Channels
1, 2, 3, 4, 9, 10, 11 and 12 terminate on connector Ji, and channels 5, 6, 7, 8,
13, 14, 15 and 16 terminate on connector JZ2. The wiring for connectors J1 and
JZ is identical and the -channel assignment on individual connector pins is
identified Tn Figure 7-1.

As noted in Figure 7-1, each data channel output fterminates on two
connector pins: signal high (positive) on one pin and signal low (negative) on
the other pin. It ts recommended that a two wire shielded cable be used to
connect to each output channel with the shield floating at the waveform

generator and terminated at the signal cornditioning end.

If it is desirable tc terminate the shield at the waveform generator,
pins J, E or F on the J3 connector can be used for this purpose. These pins

are ground (see Figure 7-1 pin assignment on J3).

Also identified in Figure 7-1 is the wiring configuration for the two
high tevel output signals and the time synchronization output channels. The
outputs for these signals are on the small ten pin connector on the side of the
box identified as J3 (see Figure 7-1). The mating cable connectors to the

waveform generator instrument are as follows:

Connector Connector Type
J1 M§5-3106-A-28-16P
J2 MS-3106-A-28-16P
J3 ' MS-3106-A~18~1P

12



Connector Pin Signai
J1/J2 A Cha 1 (-)/Cha 5 (=)
J1/42 B Cha 1 (+}/Cha 5 (+)
J1/42 C Cha 2 (-)/Cha 6 (=)
J1/J2 M Cha 2 (+)/Cha 6 (+)
J1/42 L Cha 3 (-)/Cha 7 (=)
J1/J2 T Cha 3 (+)/Cha 7 (+)
J1/42 N Cha 4 (-)/Cha 8 (-)
J1/J2 U Cha 4 (+)/Cha 8 (+)
J1/42 Vv Cha 9 (-)/Cha 13 (=)
J1/J2 ) Cha 9 (+)/Cha 13 (+)
J1/42 D Cha 10 (-)/Cha 14 (-)
J1/J2 P Cha 10 (+)/Cha 14 (+)
J1/J2 Q Cha 11 (-)/Cha 15 (=)
J1/J2 R Cha 11 (+)/Cha 15 (+)
J1/J2 E Cha 12 (-)/Cha 16 (-)
J1/32 F Cha 12 (+)/Cha 16 (+)
43 ‘A | Time Zero
3 B Remote Cal ibration Polarity Control
J3 c Remote Cal ibration Initiation
J3 D Remote Recording Initiation
J3 E Ground
J3 F . Ground
J3 G Time Zero Delayed
J3 H High Level Group 1
J3 I High Level Group 2
43 J Ground

Figure 7-1 OQOUTPUT CONNECTOR PIN ASSIGNMENT

13



8. RECORDING REQUIREMENTS

This section of the manual provides instructions in wusing the
waveform generator to record test data. When the instrument is first received,
it should be removed from its shipping container and inspected for possible
shipping damage. Each container includes a waveform generator, an operator's
manua!, three connectors that mate to the connectors on the instrument, and an
AC 1ine power cord. Note that the shipping container and the foam packing have
been designed for proper shipping of the instrument and should be retained in
dry storage for | future use. The instrument should not be shipped in an
alternative container without prior approval from an appropriate government
representative.

Before operating the ins+ruﬁen+. the operator's manual should be
reviewed and the operator should familiarize himself with +the Ilocation,
function and purpose of the various |ights, switches, and- wiring attachment
points on the unit. An overall layout of these items is presented in Figure 1-
1. The AC line power input is on the side opposite the J1, JZ and J3 data
output connectors.

The input power to the instrument s 110 VAC or 220 VAC at 60
Hertz. All units are labeled as to +the proper input voltage. Place the
instrument on & suitable +test table and check that the main power switfch is
off; then plug the power cord into a grounded electrical power source of
proper voltage. Al units for North American use ‘are wired for 110 VAC input
power .

_ Initial checkout +tests can be per formed with no attachments to the
J1, J2,and J3 cormnectors. Before turning on the power, set the transducer type
switch to piezo-resistive and the cal ibration mode switch fto manual negative.
This assures a successful self-test if the instrument is operating correctly.
Next, turn on the power and observe that all lights come on for a |lanp check
+e5+‘period of about 12 seconds.

14



After a one minute time delay during which internal self tests are
being performed, the ready light should light. This indicates that all ‘aspects
of the instrument are operating correctly. Turning the power switch off and
then 'on again will repeat this cycle, Once the operator has verified that the
instrument is operating correctly, he can assemble his external wiring to allow
signalis from the instrument to be injected into a data recording system. The
instrument should be +turned off while these external wiring connections are

being made.

The wavaform generator instrument produces three types of signals.
One consists of low level waveforms that simulate either strain gage or piezo-
resistive *type sensor outputs. These signals are available on connectors J1

and J2 providing a total of 16 data output channels.

A1l low level calibration signals are derived from either group 1
waveforms or group 2 waveforms as shown in Figure 5-1. Channels 1, 2, 3 and 4
on connector J! contain group 1 waveforms. Channels 5, 6, 7 and- 8 contain
group 2 waveforms; consequently, there are eight outputs .on connector. J1
consisting of four of each group of waveforms. Connector . JZ is wired
identically to J1 and provides eight additional output data channels. Note

that the signal output on a given pair of terminals on J1 and J2 are. identical.

The U3 connector contains the two remaining types of signals
produced by the instrument. A high level signal is produced on J3 for the
group 1 and the group 2 type waveforms. The high level outputs are produced

with respect to a common ground (pin E, F or J on connector J3).

Time synchronizaticn pulses are also available on the J3 connector.
These time waveforms  are used in +the processing software to separate the

recorded data into individual waveforms.



The waveform generator is capable of generating four different types

of +ime’synchron{za+ion outputs. These ere:
1. Time Zero
2, Inverted Time Zero -
3, Delayed Time Zero
4. Inverted Delayed Time Zero

During each recordiné sequence, it is necessary to record one of the
above time synchronization output signals along with the data channe! outputs.
_During the processing of the recorded data, the recorded time synchronization
‘ da+a is used to separate the sequence of the waveforms from each channel into
indivfdual waveforms. Note that fhé delayed time zero is providéd for those
Eé+a acquisi+ioﬁ‘ sys+ems which are not capable of recording the full sequence
of vwaveforms. As it can be seen from Figure 5-1, if the delayed time zero
output is used to +trigger the data acquisition systems, only the last two
waveforms will be .recorded, and this will reduce the recording duration from
500 to 250 msec.

The "time zero" waveforﬁ contains rising edges at 0, 125, 250, and
375 milliseconds. The "time zero" waveform is a standard 5 VDOC logic signal
and each pulse is about 62.5 milliseconds in duration.  The "time zero"
waveform alsc contains a pre-trigger pulse that occurs 30 milliseconds before
the first time pulse and is 10 milliseconds long. The "delayed time zero"
waveform is similar, but the first time edge occurs at 250 milliseconds.

To test a data recording system, the operator must record one low
level signal on each of his data recording channels. [t is also necessary to
simul taneously record the "time zero" or '"delayed time zero" signal. The high
level group 1 and 2 waveforms on connector J3 can be monitored on an

oscitloscope during setup and checkout.



The data waveforms are 500 milliseconds in duration coﬁsisfing of

two 250 millisecond bDlocks. If the facility recording system can record 500
milfiseconds of data in a continuous block, the complete waveform can be
recorded in one pass; if not, the recording process can be broken down into

two Dlocks.

On the first pass, the "fime zero" channel is recorded fo capture
the first 250 milliseconds of data. On the second pass, the "delayed time
Zzero" signal is used to record the second 250 millisecond block of data. .The
pre-trigger pulse is present on both timing waveforms tc allow pre-trigger

starting of a digitizing system,

As an example of a typical calibration proceés. assumé a facifffy
has 50 data chanﬁels to calibrate; also, assume that the facility usesiEhdevc5
type accelerometers. First, cables should be assembled to aflow‘signals f;ém
the J1 and J2 connectors to be be applied to the facility insfrumen+a+ioﬁ
amplifiers. Cables should also be assembled to connect fhe‘high level group |
and Z outputs on connector J3 to an oscilloscope. Further, cables should be
wired fo connect the appropriate time <channel +fo an input chénne} on the

facility data recording system,

With the waveform generator instrument turned on and with all data
‘channels connected, check that the facility instrumentation amplifier outputs
are near zero. Set the generator to piezo-resistive and the calibration mode

switch to manual positive.

Now depress the calibration push button switch and check that the
gains of +the facility instrumentation amplifiers are correct to avoid channel
saturation. Next, select manual negative and again check the amplifier output

levels for saturation.

This process simulates the maximum positive and negative signal
levels that +the instrument will produce and checks the balancs and gain

setftings of the data recording amplifiers. |In the calibrate mode the generator

17



simutates a signal level of +200 Gs and -200 Gs. When the calibrate push

button switch is not depressed, the cutput signal levels represent 0 Gs.

After the first 16 data channels and the "time zero" recording
channel are confirmed to be operating correctly, actual data recording can
begfn. To record data it is necessary to first record cal ibration levels and
then test waveforms.

Cal ibration levels are recorded by turning on +he facil ity recording

system and reccrding about one second of manual positive cal ibrate levels.

“Following the calibrate level recording, the generator "record"
switch is depressed to produce and record data on the first 16 data channels
plus a time reference channel. Test data available for the first 16 data
channels will then consist of the zero and cal ibrate levels followed by the
waveform sTgnaIs on 16 data channels and time reference pulses on the time
reférehce channel . This process is then repeated until both cal ibrate signals

and data signals are recorded for all data channels to be tested.

In generating data tapes for the recorded data, the recorded test
waveforms should be scaled based on the recorded cal ibrate signals. The signal
level change between the catibrate zero level and the positive cal ibrate level
should be considered to be 200 Gs. This level change should then be used to
scale the test waveforms into Gs. It is important to also digitize the "time
zero" waveform on the data tape for each group of data channels. The amplitude

assigned to the "time zero" channel is arbifrary.

On creating test and instrumentation information headers for the

data tapes, use the following codes:

TSTTYP = SWG Signal waveform generator test of the data
acquisition system
SENTYP = LL for tfow level signa! (strain gage)
HL for high level signal (piezo-resistive)
ET for event time indicators (code already exists)

18



SENLOC = 01 channel 1 of signal waveform generator

02 channe! 2 of signal waveform generator

16 channe! 16 of signal waveform generator

H1 high level signal of group 1 waveform

H2 high level signal of group 2 waveform

E1 event time indicator (time zero)

E2 event time indicator (delayed time zero)
SENATT = CHO1 channel 1 of data acquisition system

CHO2 channel 2 of data acquisition system
CHNN channel NN of data acquisition system

AXIS = X6 for group 1 waveform (channels 1, 2, 3, 4
and 9, 10, 11, 12 of the SWG)

AXIS = ZG for group 2 waveform (channels 5, 6, 7, 8
and 13, 14, 15, 16 of the SWG)

I NSMAN = In the lines that correspond to the time reference
channels, identify the polarity of the "time zero"
(time reference) signal that was recorded, and

whether "delayed time 2ero" was used.

INSCOM = Commentary field
fdentify the run number, amplifier tape
recorder, tape recorder channel number
and umbilical pair; or anything necessary
to uniquely identify the system. There are
only 70 characters available. Do the best

that you can!
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APPENDIX A

SCHEMATIC AND ASSEMBLY LAYOUT
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Figure A-2 LAYOUT OF CPU BOARD

A-3



7 4

56

C
-

SNTACT COMHECTCR |

tEv

eLWER LONWNECTOR

il |

wi- 13

W4t
wi-4
ITARE
-2
-5
-52
-s5
wi-s6

— cLik
13
J4LST4
Blas b2 |1_!
e ik i
a1
—- H i
hwa s i
1] [E
B +5V
741304 741502 1
> R
+ % )
g
5™ 6 :
1
J, 74L504
|
|
l 1
{ .t V4 iCs B
o |o,<‘y 4 G"
74L504 240502
! _—
S
q - : —
] ! 13
— ]
* cs
i 7410508
‘ Fl
|
! 1 e S —— I_Jl’
e
] |
! - —,——— T
o e — — - i
e LN
T L t
: T - 1=
M| .
l Pi
W
POWERY GND CHART
+5Y oML
\C X 7
2 14 7
3 | 14 7,7\1
ot | N Y
oS {14 2

Figure A-3 SCHEMATIC OF TIMING BOARD
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Figure A-6 LAYOUT
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APPENDIX B

WAVEFORM GENERATOR INPUT POWER

The waveform generator power supply is designed to operate at power line
frequencies from 47 to 63 Hz. and for a broad range of input voltages. The
proper wiring of the power supply input transformer primary winding for

specific input voltage levels is described here.

The primary winding on the power supply has five voltage taps. The five

wire input provides four voltage ranges: 100/120/220/230-240 **, + 10% - 13Z%.

Table B-1 identifies the proper jumpering requirements for the individual

input voltage levels.

Table B-1 JUMPERING REQUIREMENTS FOR INDIVIDUAL INPUT VOLTAGE LEVELS

AC Input 47-63 Hz.

For Use At 100 VAC 120 VAC 220 VAC 230/240 VAC
Jumper 183 1¢& 3 283 2 & 3
28 4 2 &4
Apply AC 185 1&4 185 1& 4
#% Tolerance for 230 VAC operation is + 15%, - 10%

B-1



A jumpering example for 100/120 VAC operation is presented in Figure B-1.

primary '

2 ||
(3 \ (o Ol 0
A N

' Figure B-1 JUMPERING EXAMPLE FOR 100/120 VAC OPERATION

Apply AC




