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1.0. INTRODUCTICN
1.1. Background

This is the final technical report on the theory of operation for the
Tire Quality Monitor (TQM) prepared by Chamberlain National, GARD
Division, for the U.S. Army Tank-Automotive Command (TACCM) under
Contract DAAEOT-83-C-R088.

The TQM is an ultrasonic testing device that uses a microprocessor to
analyze data from a tire to test its suitability for retreading. The
TQM has the ability to detect and analyze defects which cannnot be
determined by current visual inspection methods. The TQM can detect
tire degradation, bond and ply separation, bond line defects, and poro-
sity in the rubber.

1.2. Scope

This report is a detailed technical description of the processes that
the TQM goes through to inspect tires. The report describes the soft-
ware used to perform the inspection, provides information to a software
engineer on how the TQM supports itself and performs its precgrammed
functions, and contains information on how the computer recognizes and
analyzes the internal structure of the tires.

1.3. Purpose

The purpose of the TQM is to supplement the visual inspection of tires.
The use of the TQM greatly improves the efficiency of the retreading
process and quality of the retreaded tires by decreasing the numbter of
bad tire carcasses entering the process.

2.0. OBJECTIVES

The primary goal of this report is to provide the software engineer for
the TQM a detailed description of the processes that the TQM goes
through in cellecting and analyzing data during the inspection of tires.
2.0. COCHCLUSIONS

The TQM, when used as a supplement to the visual inspection of tires,
greatly increases the level of quality of the retreacded tires, as well

as decreases the in-process failures by reducing the number of bad tire
carcasses entering the process.

11




4.0, PRECOMMENDATIONS

4,1. Tire Carcass Shipment

Tire carcasses should be inspected by the TQM before shipping to
retreaders to eliminate the cost associated with the shipment of bad

tire carcasses.
4.2. Depot Use

The TQM should be used at depot tire retreading operations to screen out
defective tire carcasses to reduce the process costs by recucing the
number of carcasses that fail during retreading.

4,2, Checking Retreaded Tires

The TQM should be used to check retreacded tires returning from contractor
retreading facilities to determine if the same quality carcasses supplied
to the contractor have been returned to the government.

5.0. DISCUSSIONM

5.17. Operating System

The TQM software "Operating Jystem" is extremely primitive, consisting
of a cold-start initialization sequence and twc hardware interrupt
handlers. The cold-start sequence (Figures 5-1 and 5-2) tests the TQM
workspace random access memory (RAM) (FOOQ through FFFF). If there is
any test failure, the sequence branches to a routine which presents a
flashing "E O" message to the displays in an infinite loep. Ctherwise,
if the RAM test is passed, the RAM is cleared and the program contirues
to:

e Copy receiver section control voltages from Programmable
Read ~Only Memory (EEPROM) into RAM and then out to thre
hardware interface

o Transmit display blanking codes to the hardware interface

e Initialize all nonzero indices and pointers held in PAM to
their respective starting values.

e Call routines that set the  ™QM into:
- Glass-Reinforced Plastic (CPP) maintenance mode
- TEMP display
- PRE retreat mode
- MIDLINE test location

® Peset the display refresh c¢locks in R&M

12




Cold Start

Vv
Initilize Stack PFainter
Y
Process Walking EBit Test of RAM
(Flowchart 1.1a)
Vv
Clear RAM
v
Initialize Receiver Hardware
age (1) {— C[RAM_TMP_INGAINIJ {~— CROM_INGRIN]
agc(E,e) (— L[RAM_TMP_FN_GARINI (- C[ROM_FN_GAINI
agc{2,a) (— LRAM_TMP_FPH_GAIN] (-~ [ROM_PK_GAIN]
agco (g, b) (= [RAM_TMF_SLOPFE] (- [ROM_SLOFE]
age (3) (— [RAM_TMF_QUTGAINI <= L[ROM_OUTGAIN]
v
Initialize Displays Hardware
disp (- DSPLYZ Array (- EBlanking codes
disp (- DSPLY!l Array (- Blanking codes
v
Initialize Update Mode Indices
UPDATESTATUS (- @

TEMPINDEX (- 8

-THICKINDEX (- &

ADDRESS {- FFQ@@H
v

Initialize Temperature Indices
CALIB_TEMR (-~ 70-302
Array "0OOT" Flags (- @
TEMPDIVRYS (- [CALIB_TEMRI/S
TEMFPREMAIN (-~ Modula(LCALIEB_TEMRI, S)
Vv .
Initialize Temperature Averaging Pointer
TEMP_FOINTER (- #TEMP_ARR
v
Initialize TOM State to TEMP Display, PRE Retread Mode,
MIDLINE Test Locatiarn, and GRFP Type
Vv
Initialize Clocks
TIMERDSF (- 10Q@Q/& (1/6& secord timer)
TIMERED (- 1 (1/3 second timer)
v
Ernable RST 5.2 and RST 7.5
Erable Interrupts

Figure 5-1. Powerup Initialization Sequence
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Process Walking Bit Test of RAM

v

Set bit b@ into Refererce Fattern

\
}

v
RPattern (-~ Reference Pattern
v
m (-~ FQR@AQ (Start of RAM)
v .

® Go O¢ go 8F 4o 82 gg @0 O

]
v
Eml (~ Fattern
Vv gl

m = Pattern?
yes @
v
Rotate Fatterrn Left
m {(=m + |

< o 0 96 wo 03 80 ap B0 a0 9o oo 66 ©

\%

m=Qq7?
yes

v

Pattern (- Pattern

m {~ FaeQ

Vv

);

v N
[ml = Pattern?
yes 3

\V)

Rotate Rattern Left
m (= m + 1

[
Q

C oc ©9 sp oC

no v Display Flashing

m=Q7?

yes :
Vv

Rotate Reference FPattern Left

no

~=--— Has Bit Walked Through Erntire Pattern?

Figure 5-2.

-
©

v

yes
Y
Exi¢

RAM Test
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At this point, the TQM is initialized. The 8085 Central Frocessing Unit
(CPU) interrupts Recovery Sequence Tester (PST) 5.5 and BST 7.5 are then
enabled, and the program sits in an infinite wait loop for interrupt-
driven processes,

The highest priority interrupt handler (PST 7.5) is assigned the tasks
of pulsing the TQM ultrasonic transducer and of scheduling the reception
and processing of ultrasoniec reflections. This interrupt is driven by a
100-hertz (Hz) hardware clock. Figures 5-3 through £-7 outline the
steps executed by this handler. UMNote that the receiver automatic gain
control (AGC) section is triggered and the transcucer pulsed at every
service of the interrupt, btut the return signal is digitized only when
no processing of a previously digitized sigral is in progress. This is
done to maintain the oscilloscope display as described in par. 5.h. Cne
of the software clocks serviced by this handler then schedules, at a
6-Hz rate, the processing of digitized data if a gain calibration is
active and such processing is not alreacdy in progress. This clock also
updates receiver hardware parameters, controls requests for listing (as
described in par. 5.6.), and alternates displays and task groups.

Specifically, the "odd" task group will process the calibration period
clocks always, execute temperature calibration when active, and send to
the hardware interface those codes formatting the "odd" display (i.e.,
the dark half of a flashing pattern). If the update mode is disabled,
the "even" task group will process the STCORE and CLEAP switch
light-emitting diode (LED) clocks, process the information necessary to
refresh the enabled display if not already teing processed, and send to
the hardware interface those codes formatting the "even" display (i.e.,
the lit half of a flashing pattern). 1If the update mode is enabled, the
Yeven'" task group does not process any information and updates the
"even" display according to the latest sequence of update commands as
derived from servicing the RST 5.5 interrupt.

The lowest priority interrupt handler (RST 5.5) is assigned the tasks of
receiving, interpreting, and executing commands from the operator's
pressing of keyboard switches. This interrupt is driven by a common
trigger line from the front panel keyboard array. Figures 5-8 through
5-10 outline the execution of this kandler. All mode change, inspection
and update commands to the TQM are serviced by this handler. Figures
5<11 through 5-13 and Table 5-1 summarize the manner in which TCM mode
changes and inspection states are handled.

5.2 Signal Acquisition

5.2.1. General. The transducer pulse timing, sigral reception parame=-
ters, and signal capture and digitization are under computer control ir
the TQM. This chapter describes the software which controls the con-
puter and the parameters which control the hardware.

5.2.2. Pulse Generation. The high-voltage electrical pulse which
drives the ultrasonic transducer is generated by circuitry which is

15




RST 7.5 Interrupt
(10@ Hz Hardware Clock Service)

Y yes
Ultrasornic Data Processing RActive? ———-
o 2
Vv
Trigger TDR

Trigger AGC
Trigger Fulse

v "o
Has 1/6 second passed?
yes :
v
Process Ever/0dd Tasks
(Flowchart 1.2a)

¥ a4 80 op S ep 68 O

N
i
1

Erable RST 7.9
Erviable Interrupts

Vv
Exit

Figure 5-3. Highest Priority Interrupt Service
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Process Everi/0dd Tasks

Y
Reset 1/€& second timer
Vv nc
BGain Calibration in Service? ————me—e———e- .
yes : :
— V) yes
- Ultrasonic Data Praocessing Active? —————- >
no :
Vv
Set Semaphaore
Emable RST 7.9
Erable Interrupts
v
Retard 1/& second timer
\Y%
Frocess Baiw Calibration
-.- (Flowchart 4.3)
\Y
Disable Interrupts
Clear Semaphore

@6 83 an B8 e B0 gp 89 ap 86 ap 86 eu RS gy 08

v
Advance 1/6& second timer
v
¢ —_— - —_— ———
yes % ric
. - Has 1/2 secord passed? —=—————me————- .
Vv v
Process Ever Tasks Frocess Odd
(Flowchart 1.2c) (Flcowchart
-.—) ( -— - -
Vv

Serid Vectored Display Caodes to Hardware Interface
Update Receiver Hardware
W% Yic
STORE listing enabled? —--—-
yes i
Vv
Process STORE listing
(Flowchart 3-1@)
\%

¢ —-— -

“® as w0 as O so °*

Vv NG
ANALYZE listing enabled? —--—-
yes :
A
Frocess ANALYZE listing
(Flowchart 3-11)

Figure 5-4. Even/0dd Task Allocation
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Figure 5-5.

Freocess Odd Tasks

Vv ves
Update Made Enabled? ————=—=—-—-
v yes
TEMP CAL Time Up? ——=——=- .
ne 3
v

Frocess TEMP CRL Timer
(Flowchart 1.2d)
v
4
Vv yes
TEST CAL Time Up? ——====- .
ne 3
Vv
Process TEST CAL Timer
{(Flowchart 1.2d)
\Y)
<
v nc
TEMP CAL Active? —————o——- o
yes :

e 80 4y 88 gp OO

% 66 ga a&e g o8

Process TEME CAL
(Flowchart 4.4)
Vv
< —
Vv 141~
TEMP CAL Time Up? —=—=—w=-
yes :
v
Turn Evern TEMFP led On
Turrn 0dd TEMR led Off
Y
(
Vv ric
TEST CAL Time Up? ——————- .
yes :
V)
Turn Even TEST led On
Turrn 0Odd TEST led Off
v
4
% yes
Any CAL Time Up? —=—=—-—- o
o
Y
Set Event Sever—Sepment
Codes into 0Odd Array
%

“ 08 g4 88 ap w8

% 80 gz 8 pp 08 O

C- na go &

¢ {(~—
v
Paint to Odd Display Array
v yes
Exit
0dd Tasks
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Frocess Even Tasks

~ o8 on s ag» °

v
Reset 1/32 Second Timer
Vv
STORELEDCLOCK <(~ STORELEDCLOCK - 1
Vv no
STORELEDCLOCK = @7 ——=——w—ee——
yes
Vv
Turrn Off Evern and Odd STORE leds
Vv
< P — -
\v
CLEARLEDCLOCK <~ CLEARLEDCLOCK - 1
\Y bal=]
CLEARLEDCLOCK = @7 ————eee———
yes :
Vv
Turrn Off Evern and 0Odd CLERR leds
Vv
(et e e e s e e s e i s i e e i St e
\ yes
Update Mode Eriabled? -—-—
(=T
v yes
Calibration in Service? ————=—-—
N
no v yes
o ———— Calibrationm Errcor Corndition? ~———- .
\% ves * :
Ultrasonic Data Processing Active? —-———- > Exit :
L g [CO H
Vv :
Set Semaphcre :
Ernable RST 7.S :
Ernable Interrupts :
V) vV
frocess Enabled Display Point to "-C
(Flowchart 3.1,3.2, or 3.3) :
> « -
v

Disable Interrupts
Clear Semaphgore
Y yes

KEY_INFUT = @7 =———————m—mmeem

no
\YJ
Process Command Translation Arnd Execution
(Flcwchart 1.3c)
Y

{ s e e s e o, . i o e S o S A v S

\%
Pocint to Even Display
v
Exit
Figure 5-6. Even Tasks 19
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Process TEMP CAL Timer

v
ETEMTIMI (— [(TEMTIM] - 1
Vv
TEMTIM = @7 ——e—— > Exit
yes
v
Set FLAGS (bE) (“timed—cut" truel
Clear FLAGS (b4,bE) ["hold","ir—-service"
v
Exit

Process TEST CAL Timer

Y
LCALTIMI (-~ [CALTIMI - 1
%
CALTIM = @7 ————= Y Exit
yes :
v
Set FLAGS(L?) ("timed-out"
Clear FLAGS (BT, b3) ["heald", "irn—-service"
Y
Exit

Figure 5-7. Calibration Period Timers
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RST S.5 Interrupt
(Keyboard Switch Service)

v
Disable RST 7.%
Disable RST S.S

Vv
Calibratiecn In Service?

yes :

Vv

process Heyboard Switch
(Flowchart 1.3b)
1%
( -

\ g1

Vv
Erable RST 5.5
Eriable RST 7.9
Enable Iwnterrupts

%
Exit

Figure 5-8. Lowest Priority Interrupt Service
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Figure 5-10. Switch Command Translation and Execution
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rocess Retread Mode Selection
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Figure 5-12. Retread Mode Selection
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Figure 5-13. Test Location Selection
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triggered by CPFU control at a 100-Hz rate. Normally, an ACC trigger
(discussed in par. 5.2.3.) starts the gain variation in the receiver's
depth compensation circuit and a pulse trigger follows 1€6.0 microseconds
later., However, if the CPU is not actively processing a digitized
ultrasonic signal, this normal sequence will be immediately preceecded by
a Transient Data PRecorder (TDR) trigger to start the acquisition and
digitization of the next signal. The resultant acquisition, therefore,
contains coupled AGC trigger noise sampled along with the transducer's
"main-bang " and the returning tire structure reflections. Figure 5-1i
iliustrates the relationship of these pulses.

As discussed in par. S.1., the CPU control of this 100~Fz pulse
generation sequence comes from the execution of the highkest priority
interrupt service in the software. It was designed this way to provide
a stable oscilloscope display (described in par. 5.6.) of the ultrasonic
signals detected by the transducer. The actual processing of the digi-
tized signals is done at a nominal 3-Pz rate. The 100-Fz interrupt ser-
vice has been designed to allow the CPU to perform multiple tasks
between the pulse generation task and the signal-processing task so that
neither task is significantly impeded by the execution of the other.
Those branches in Figures 5-2 through 5-7 which act on the presence of
ultrasonic data processing assure this.

5.2.3. 8ignal Peception. The receiver section amplifies the incoming
signal by two constant factors and by a factor which monotonically
increases with time. This increasing factor is required to compensate
the received signal for the attenuation caused by passage through tread
rubber. The compensation facter value is contrclled by a section of the
receiver's AGC circuit known as the Distance-Amplitude Compensator (DAC)
and designated as AGCp since it is the second gain stage in the
receiver. This ACC, stage is configured by the CPU via three voltages.
The ways the AGC2 is configured are listed in Table 5-2 and illustrated
in Figure 5-1Y4.

Table 5-2 and Figure 5-14 also refer to three other voltages. One
controls the constant gain of the first amplifier stage (ACCq) and two
control alternate gains of the third amplifier stage (ACC3). At any
time, the total gain of the receiver section is a composite of the
constant AGCq and AGC3 gains and the varying AGC, gain.

The initial gains are imposed on the hardware before the time of the TLP
or AGC trigger pulse. The AGC trigger pulse preceeds the high-voltage
pulse generation trigger by 16.0 microseconds to allow the receiver AGC
circuits time to settle before digitizing ultrasonic reflections.

The rate of gain change is imposed to control how rapidly the gain com-
pensation factor increases with time from its initial set value. The
rate is factory preset to 1.25 decibels (dP) per one-sixteenth inch to
compensate for the average depth attenuation in tread rubber. The
largest AGC2 gain is imposed to limit post-signal noise amplification.
The value required depends on amplifier or TLP input capacity, the maxi-
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Figure 5-14. AGC Ramp Signal -
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mum cdepth of tire to be inspected by the TQM, and the rate of gain
change. For these reasons, the settings of largest gain and rate of
gain change are interactive. The largest gain is factory preset to bte
imposed at approximately twenty-sixteenths inch of tread depth.

The only parameter the CPU uses to control the AGC circuit during normal
TQM operation is the ACCq gain. Pecause each of the three amplifiers in
the AGC circuit acts independently, variation of the AGC, gain will not
alter the rate of gain change or the value of the largest gain. DMNote

in Figure 5-14 that the time when largest gain is imposed can be altered,
but not its value. As a consequence, CPU control cf the ACGCq gain
effectively yields proportional CPU control of any gain throughout the
sampled signal domain.

The CPU exerts its control of the AGC at z 3-FPz rate, but it varies the
value of the AGC1 gain control parameter only during TEST calibrations.
This value is altered by a hardware/software servosystem to compensate
the TQM for variations in the material being inspected or monitored. As
can be inferred from Figure 5-11 adjustment of the value of the initial
gain will alter the gain compensation factor throughout the signal
period in a linear and predictable manner.

By monitoring a precisely machined reference block of material whose
acoustic attenuation is invariant with temperature, a known and univer-
sally invariant ultrasonic reflection amplitude can be received and com-
pared to a setpoint amplitude for the purpose of automatically adjusting
the value of the initial gain. A reference block of GPP meets zll
requirements of invariance, arnd two are supplied with eack TQM. The TQM
holds eight setpoint amplitude values in ZEPRCM, cne for each of six
inspectable tire types and two for reference or calibraticn blocks.
Table 5-3 lists these setpoints. Table 5-3(a) lists the primary gain
calibration setpoints and Table 5-3(b) lists the secondary gain
calibraticn setpoints (described in more detail in par. 5.2.5.).

The appropriate setpoint is selected from the front panel setting of
TIRE TYPE as it exists at the time calibration. The calibration pro-
ceeds in a manner outlipned in Figure 5-15. The second ACGC3 voltage
_ listed in Table 5-2 acts as an attenuation during such calibration to
compensate for the extreme reflectivity of the CRP block. As long as
the average received reflection amplitucde differs from the setpoint, the
CPU will increase or decrease the value of the ACCy gain so as to drive
the reflection amplitude toward equaling the setpoint.

As this process proceeds, the amplitude of the received reflection is
displayed on the two left-most digits of the frent panel. If the
expected reflection occurring between eleven-sixteerths and thirteen-
sixteeths inches time equivalent is not detected, the CPU will issue a
"_CAL" display message to indicate an improperly received calibration
signal. The TQM will request such gain calibration for any of the
following conditions:
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Table 5-3, Gain Calibration Setpoint Values*

TIRE TYPE

. AMPTABLE PSR I
TTX I
TSR I
GRP™
RN
PSR II
TTX II
TSR_II

(a)

TIRE TYPE

ALTTABLE PSR I
TTX I
TSR I
GRP™
RN
PSR II
TTX I1I
TSR_II

(b)

ADDRESS

E790
E792
E794
E796
E798
E79A
E7¢9C
E79E

DESCRIPTION

Passenger Steel-Belted 1

Truck Textile-Plied 1

Truck Steel=-Belted 1
Glass—PReinforced Plastic Block
Pubber/Nylon Block

Passenger Steel-Belted 2

Truck Textile-Plied 2

Truck Steel-Relted 2

Primary Gain Calibration Setpoints

ADDRESS

E7AO
E7A2
E7A4
ETA6
E7A8
ETAA
ETAC
ETAE

DESCRIPTICHN

Passenger Steel-Pelted 1

Truck Textile-Plied 1

Truck Steel-Pelted 1
Glass~PReinforced Plastic Block
Rubber/MNylon Block

Passenger Steel-Belted 2

Truck Textile-plied 2

Truck Steel-Belted 2

Secondary CGain Calibration Setpoints

®TQM Reading of Setpoints = Setpoint/k.23
Example for GRP (refer to listing in Appendix):

15 = 63/4.23 where 6319 = 3F)
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Figure 5-15. Gain Calibration
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e selection of new tire type,

e 15 minutes elapsed time from prior calibrating, or
¢ initial TCM turn on.

5.2.t. Signal Capture. The received and amplified signal is digitized
by a very fast analog-to-digital converter and RAM system. This is the
TQM's TDR and it is initialized and triggered by the CPU detection of a
software grant to do sc. Triggering occurs at the TDP trigger time of
the next 100-Hz pulse service request. Software grants are issued at a
3~Hz rate so that the TDR captures only 3 of 100 signals returred each

second.

While the signal is being captured, the TDP hardware issues a busy
signal to inform the CPU that the capture process is underway. S&ignals
are sampled at a 20-Megahertz (MHz) rate and, since the ultrasonic
information being acquired has very little spectral content in excess of
1 MHz, this rate is sufficient to obtain an amplitude sample of the
signal accurate to * 1.2 percent of the actual amplitude. The use of a
high sampling rate for capture also increases the accuracy of time
measurements within the signal. The CPU software eventually uses time
measurements to identify tire structures from their reflections and to
measure tread depth.

5.3. Signal Processing

5.3.1. General. The sampled and digitized ultrasonic signal can now be
processed to extract displayable information about the tire being
inspected. If the selected display is QUALITY or THTCY, the sampled
signal is generally subjected to two stages of data reduction and
feature extraction, a stage of saturation detection and disposition,
stages of time compensation for temperature and amplitude ccrpensation
for depth, isolation of significant features, and classification of
remaining features according to structural characteristics apprcpriate
to the TIRE TYPE selected. Finally, tke relevant information is
measured from the set of features of relevant classification and is
displayed. This process, which rurns at a 3-Fz rate, is summarized in
Figures 5-1€ through 5-18.

If the selected display is TEMP, the sampled ultrasonic signal is not
processed. Instead, the thermocouple is read and an averaged tem-
perature is processed for display. This process, also running at a
3J-Hz rate, is summarized in Figure S5-16. :

5.2.2. PReflection Feature Fxtraction. Software processing of the digi-
tized signal starts with the transfer of a selected window of the cap-
tured signal from the TDR memory to a workspace memory. The
transferable portion of the capturec signal is selected in the two-~step
process illustrated in Figures ©£-20 through 5-23. First, the CPU is
directed to begin examining the TLP memory out to an address offset of
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Figure 5-16. Quality Display Processing
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Figure 5~17. Thickness Display Processing
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Figure 5-19. Temperature Display Processing
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Process Reflectiow Feature Extraction
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Figure 5-21. Reflection Feature Extraction
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value stored in EEPROM address E7D2 (AGC TRIC CFFSET). During this exam-
ination of the time after the TDPR start and before the AGC trigger
(approximately 6 microseconds), the CPU accumulates all captured values
lying within a *10-percent band around the TDPR centroid value of 128.

It then computes the measured analog ground (g) of the receiver section
by dividing the accumulation by the number of values accumulated. This
ground value is stored in RAM memory FADE (GROUND).

The CPU then begins to transfer data to the workspace memory MASCAT from
a TDR memory address offset by the value stored in EEFROM address F7D4
(MAINBANG. OFFSET). This represents a point sampled at the start of the
"main bang" reflection of the transducer.

The ensuing transfer of data is itself a triple process as illustrated
in Figure 5-20, Starting from that point in TNP memory which
corresponds to the acquisition time of the "main bang" and contirnuing
for the next 1,280 bytes (representing 6! microseconds of acquisition
time), the CPU subjects each sampled value (dj) tc the following three
steps in sequence:

(1) sampled value (d3) is normalized to measured analog ground
value (g=A/K) and then converted to an absolute positive number. This
is rectification.

(2) Rectified value ]dj-g | is added to the time correspondent
value (di) in the workspace memory and then divided by 2. This is
dynamic averaging, or smoothing.

(3) Dynamically averaged value ]dj—g! +d; is then stored in ﬁemoby

2
where di was accessed in step (2) and the data acquired at the next
sample times j+1, i+1 are treated similarly.

After 64 microseconds of acquired samples have been dynamically
averaged, the CPU proceeds to reduce the amount of data it is required
to process by extracting the features of the captured ultrasonic reflec-
tions according to logic ocutlined in Figure 5-21. The point in the data
at which it begins the reduction is determined by a time offset used to
btypass the captured transducer ringout signal. The size of this ringout
"mask" depends on the tire type selected at the TCM front panel and its
value is held in RAM memory PULSERINGQOUT (FACC). The values held in
EEPPCM are listed in Table 5-l4(a).

The reduction occurs by characterizing each rectified reflecticn
(describable by approximately 40 numbers) with a set of 4 numbers:
reflection maximum amplitude p5(j), the time of its occurrence tE(3),
the reflection start time t35(j), arnd its end time tL(3). ALl these
times are referenced from the ascquisition time of the start of the "main
bang." Each reflection of amplitude greater than a characteristic
threshold, and of width greater than a characteristic time, is charac-
terized this way. The characteristic thresholds and times used depend
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Table 5-4.
LABEL

PSR-I RINGOUT
TTX~I RINGOUT
TSR I RINGOUT
PSR II RINGOUT
TTX II RINGOUT
TSR II RINGCUT
GRP RINGOUT
RN-RINGOUT

LABEL

PSR I PRE NAMP
PSR I PST NAMP
TTX I PRE NAMP
TTX I PST NAMP
TSR I PRE NAMP
TSR I-PST NAMP
PSR II PRE NAMP
PSR II PST NAMP
TTX-II PRE NAMP
TTX II PST NAMP
TSR-II PRE NAMP
TSR II"PST NAMP
GRP PRE NAMP

RN_PRE_NaMP

LABEL

PSR I PRE MWID
PSR I PST MWID
TTX I PRE NWID
TTX I PST NWID
TSR I PRE NWID
TSR I PST NWID
PSR IT PRE NWID
PSR II PST NWID
TTX II PRE NWID
TTX II PST NWID
TSR II PRE NWID
TSR II PRE NWID
GRP™PRE NWID

RN_?RE_N’WID

ADDRESS

F804
E84Y
E88Y
E8CH
E9CH
ECHY
EQ8Y
E9CH

Reflection Feature Extraction Parameters

DESCRIPTION

Passenger Steel-Belted 1

Truck Textile-Plied 1

Truck Steel-Belted 1

Passenger Steel-Belted 2

Truck Textile-Plied 2

Truck Steel-Pelted 2
Glass-Peinforced Plastic RBlock
Pubber/Nylon Block

(a) Main Pang PRingout Mask

ADCRESS

E800
E802
E840
E8H42
E880
E882
E8CO
E8C2
ES00
ES02
EQ40
EQ42
E9E0
ESCO

DESCRIPTION

Passenger Steel-Eelted 1 Pre-Retread
Passenger Steel-Belted 1 Post-Retread
Truck Textile-Plied 1 Pre~Retread
Truck Textile-Plied 1 Post Petread
Truck Steel-EBelted 1 Pre-Retread
Truck Steel-Belted 1 Post-Petread
Passenger Steel-Pelted 2 Pre-Retread
Passenger Steel-PBelted 2 Post-Retread
Truck Textile-Plied 2 Pre~Retread
Truck Textile-Plied 2 Post-Petread
Truck Steel-Belted 2 Pre-Retread
Truck Steel-Belted 2 Post-Retread
Class-Peinforced Plastic Block
Rubber/Nylon Elock

(b) Maximum Noise Amplitude from Ground

ADDRESS

E801
E803
E841
E843
E881
E883
E8C1
EBC2
EQ01
EQ03
E%41
EQ43
EQ81
EQ9C1

DESCRIPTICN

Passenger Steel-Belted ! Pre-PRetread
Passsnger Steel-Pelted 1 Post-Retread
Truck Textile-Plied 1 Pre-Retread
Truck Textile Plied 1 Post-Retreacd
Truck Steel-Pelted 1 Pre-Petread
Truck Steel-Belted 1 Post-Retread
Passenger Steel-Belted 2 Pre-PRetread
Passenger Steel-PBelted 2 Post-Betread
Truck Textile-Plied 2 Pre-Petread
Truck Textile-Plied 2 Post-Retread
Truck Steel-Relted 2 Pre-Retread
Truck Steel-Pelted 2 Pre-Retread
Glass~Reinforced Plastic Block
Rubber/Nylon Block

(¢) Maximum Noise Width
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on the TIRE TYPE selected at the TQM front panel and are held in EFPRCM
with the characteristics shown in Tables 5-U(b) and (c¢).

The product of signal rectification is held in memory as a tabular array
of the extracted features of the reflections. This is accessible to
observation on a printer by procedures discussed in par. 5.€. From this
array, the reflection data is transferred to further stages of signal
processing.

5.3.3. Automatic Saturation Detection. The reflection features
extracted by procedures described in the preceeding section are next
searched for evidence of potential signal saturation. This search,
outlined in Figure 5-28, is performed at this late processing stage for
reasons of efficiency. The data population has teen substantially
reduced, the pertinent data (i.e., peak amplitudes) isolated, and sour-
ces of unavoidable system saturation (i.e., main bang pulse, AGC, and
TDR triggers) removed. Using terminology introcduced in the preceding
section, the test for saturation is:

lg l + dj > 127 Saturation

fel + di ¢ 127 %o saturation

Petection of no saturation allows monitoring to proceed normally.
Cetection of saturation sets a condition flag which has consequences
descrited in par. 5.3.5.

5.3.4. Peak Envelope Feature Fxtraction. Ultrasonic reflection data
which has been rectified and smoothed contains more information than is
necessary or practical for the CPU to make real-time classifications.
Therefore, the first stage of the TCM pattern processing is the reduc-
tion of the captured data to a series of descriptive features. This
stage has been discussed in par. 5.3.2. and it creates, for ultrascnic
reflection, a set of four numbers describing that reflection. These
numbers, or features, are:

e tI(J) the time at which reflection j rises atove noise
threshold

* pL(J) the peak amplitude of reflection j
. tS(J) the time at which reflection j peaks

[ tg(j) the time at which reflection j falls telcw noise
threshold

A further reduction of the processing data base occurs in a second

stage, that of extracting the features of reflection envelopes from the
features of reflections. This second stage proceeds as illustrated in
Figure 5-25 and is controlled by the number of reflections, tre capacity of
envelope feature memory, the reflection peak amplitude (p}) contours,
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and by three time limits defining the minimum interenvelope gap and the
minimum and maximum envelope width.

Referring to Figure 525, a brief tracing of the process flow is as
follows:

e During initialization, the structure envelope feature
memory is cleared and the memory holding the largest peak
amplitude (Pp,,) and its time of occurrerce (Tp.,) is reset
to zero.

e If the POST-RETREAD mode is enabled, processing of tread
reflections is done according to the TEST LOCATION mode
set. If the TEST LCOCATION is that of MILCLIME inspection,
the reflection features are igrored until a reflection with
a peak time greater than or equal to a time threshold is
detected. This time threshold for assurirg cleanliness of
the midline tread reflections is dependent on TIPE TYPF and
is selected from the Table 5-5(a2) parameters stored in ZIFPRCM,
If the POST-PETREAD mode and SHCULDER TEST LCCATICN are
enabled; the porosity envelope feature memory is cleared
and, until either it is filled or there are no more reflec-
tions detected in the porosity time window, reflection
features will be transferred from the reflection features
memory to the porosity envelope feature memory. The width
of the porosity time window is controlled by two parameters
dependent on TIRE TYPE. These parameters are a minimum, or
near porosity time and a maximum, or far porosity time and,
depending on TIRE TYPE, ard are selected from the parameters
of Tables 5-5(b) and (e¢) stored in EEPPCM. Figure 5-2%
illustrates how these windows are used. If the PFTEFAD
MODE set is PRE these windowing stages are passed by.

e A demarcation time t» is computed equal to 1.875 times the
start time tE(1) of the first reflection. This is to elim-
inate from consideration for largest peak Tpzy any
reflections occurring at times during which second reflec-
tions can occur. Then, until the structure envelope
feature memory is filled or until there are nc more
reflections detected, reflection features will be pro-
cessed into envelope features., The factor 1.875 is
intrinsic to the TQM firmware and can nct be altered.

¢ The details of the following process are illustrated ir
Figure 5=-25. If any remaining reflections zre detected,
the features of the envelope to be characterized are ini-
tialized by a default transfer of the features of the next
reflection j into the envelope 1 feztures memery. Until
the envelope characterization process ends, the envelope
start time t&(i) is held constant, the envelope end time
t8(1i) is updated using tre latest tL(J), ard the envelope
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Table 5<5.

LABEL

PSR-I FCLNTIME

TTX I FCLNTIME- - -

TSR-I-FCLNTIME
PSR-ITI-FCLNTIME
TTX-II FCLNTIME
TSR-II-FCLNTIME
GRP FCLNTIME

RN -FCLNTIME

LABEL

PSR-I-NPORTIME
TTX-I-NPORTIME
TSR-I-NPORTIME
PSR-1II-NPORTIME
TTX~II-NPORTIME
TSR-II-NPORTIME
GRP-NPORTIME

RN -KPORTIME

LABEL

PSR-I-FPORTIME
TTX-I-FPORTIME
TSR-I-FPORTIME
PSR-1I-FPORTIME
TTX-II FPORTIME
TSR-II-FPORTIME
GRP-FPORTIME

RN -FPORTIME

ADDRESS

E8OC
EgUC
E88C
E8CC
E90C
Eg4cC
E98C
ESCC

Porosity Isolation Windows

DESCRIPTION

Passenger Steel-Belted 1
Truck Textile-Plied 1
Truck Steel-Belted 1
Passenger Steel-Belted 2
Truck Textile<Plied 2
Truck Steel-Belted 2
Glass-Reinforced Plastic
Rubber/Nylon Block

(a) Maximum "Garbage"™ Time Limits

ADDRESS

ESOE
ESUE
E88E
ESCE
E90E
EQUE
E98E
E9CE

DESCRIPTION

Passenger Steel-Belted 1
Truck Textile-~Plied 1
Truck Steel-Belted 1
Passenger Steel-Belted 1
Truck Textile-Plied 2
Truck Steel=Belted 2
Glass-Reinforced Plastic
Rubber/Nylon Block

(b) Minimum Porosity Time Limits

ADDRESS

E810
E850
E890
E8DO
E910
EG950
E990
E9DO

DESCRIPTION

Passenger Steel-Belted 1
Truck Textile-Plied 1
Truck Steel-Belted 1
Passenger Steel-Belted 2
Truck Textile-Plied 2
Truck Steel~Belted 2
Glass-Reinforced Plastic
Rubber/Nylon Block

(e¢) Maximum Porosity Time Limits
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peak amplitude and peak time [pS(i), t&€(i)} are updated
from pL(j), tr(J)] only if pr(J) is greater than any prior
p5(J) since startlng the envelope. During th1° search,

Pmax and T, ., are also being updated if any pa(l)rzs found
greater than Pmax. This process stops once any tp(l)
exceeds t,, the second reflection limit. An envelope is
closed by one of three conditions.

(1) if the difference between the latest.tI(j) and
tg(i) is greater than or equal to the maximum allowable
width. This is closure by width.

(2) if the contour of peak reflection amplitudes
inflects from negative slope to positive. This is closure
by contour.

(3) if the difference between the rext tI(j+i) and
rg(j) is greater than or equal to the minimum allowable gap
within an envelope. This is closure by gap. e

Of course, closure will also occur preemptorily if no more reflections
are detected. Closures by gap or width are controlled by parameters
selected by tire type from EEPRCM and listed in Table 5-6. Closure by
contour is normally controlled by the profile of the data itself.
However, in those unusual cases where the reflections from a single tire
structure exhibit internal contours, a minimum envelope width thresheld
is invoked to assure that such odd tire structures are rot represented
by more than one envelope. In such cases, closure by contour will bte
disallowed if the resulting envelope width is less than the minimum
width value. The active minimum width is selected by tire type fronm
values stored in EEPPCM and listed in Table 5-£(b).

At the termination of the envelope feature extraction prccess, a set of
envelopes will each be characterized by t§(j), p§(j), tﬁ(j), te(J)

such that t§(i) = tI(3), t8(1i) = tE(j+k), pa(l) is the largest

pi(m) in the interval j4m&j+k, and tg(i) is the corresponding tf (m).

The influence of the envelope width and the interenvelope gap time
limits on the envelope closure process can be understood more easily by
studying Figures 5-2€ and 5-27. PBoth figures present a schematic repre-
sentation of how reflection features (a) from a tire with two steel
belts (A,B) and body plies (C) can be combined into envelopes (b, c, d).
Figure 5-26(b) illustrates how the recuction of the width limit can
close envelopes too soon, yieldirng erroneous time and peak amplitude
values for this and subsequently closed envelopes. Similarly, mzking
the width limit too large can combine reflections from cdistinct casing
structures into one envelope (Figure £-2%(d)) yielding other errors in
peak amplitude, times, and tabulation.

In the case illustrated, three casing structures (A, B, C) are trans-
formed into three envelopes, but poor adjustment of the envelope width
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Table 5-6.
LABEL

PSR I ENVGAP
TTX I<ENVGAP
TSR I ENVGAP
PSR™IT ENVGAP
TTX 11 ENVGAP
TSR™II ENVGAP
GRP ENVGAP

RN_ENVGAP

LAEEL

PSR I -WIDTHMIN
TTX I WIDTHMIN
TSR™I WIDTHMIN
PSR IT WIDTHMIN
TTX II WIDTHMIN
TSR II WIDTHMIN
GRP WIDTHMIN
RN_WIDTHMIN

LABEL

PSR I ENVWIDTH
TTX I-ENVWIDTH
TSR I ENVWIDTH
PSR IT ENVWIDTH
TTX II ENVWIDTH
TSR II ENVWIDTH
GRP ENVWIDTH

RN ENVWIDTE

ADDRESS

ES06
EE46
E886
E8C6
EQ06
Eoué
£986
Facé

(a)
ADDRESS

E808
E8UE
£888
E8CS8
E908
EQ48
E988
E°C8

(b)
ADCRESS

E80A
ESUA
E88A
E8CA
E90A
E944
EogA
E9CA

(e)

Envelope Feature Extraction Farameters

DESCRIPTION

Passenger Steel-Belted 1

Truck Textile-Plied 1

Truck Steel-Relted 1

Passenger Steel-Belted 2

Truck Textile-Plied 2

Truck Steel=-Belted 2
Glass=~Reinforced Plastic Block
Rubber/Nylon BElock

Interenvelope Gap

DESCRIPTION

Passenger Steel-Belted 1

Truck Textile-Plied 1

Truck Steel-Belted 1

Passenger Steel-Belted 2

Truck Textile-Plied 2

Truck Steel-Belted 2
Glass-~FReinforced Plastic BRlock
Rubber/Nylon Block

Narrow Envelope Limit

DESCRIPTICHN

Passenger Steel-Belted 1

Truck Textile-Plied 1

Truck Steel-Belted 1

Passenger S2teel-Belted 2

Truck Textile=-Plied 2

Truck Steel-Belted 2
Class-PReinforced Plastic Plock
Pubber/lylon Block

Maximum Envelope Width
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Figure 5-26. Envelope Feature Extraction Dependance on ENVELOPEWIDTH
51




ot
[# ]

i

L'"_']

(a) Extracted Reflections

- a» o= oo o

— — (b) xxxENVGAP too small
T ey
I —— (¢)  xxxENVGAP properly adjusted
. -
!
{
|
!
— ‘ (d) xxxENVGAP too large

Figure 5-27. Envelope FeatureExtraction Dependance on ENVELOPEGAP
52




parameter causes errors in the amplitude measure of the second steel
belt. Figure 5-27 shows the errors that can result from improperly

ad justed interenvelope gap time limits. Too small a time limit can

cause the reflections from distinct casing structures to be combined

into one envelope (Figure 5-27(b)). Similarly, too large a gap limit can
engender the creation of unwarranted "null" envelopes which yield tabu-
lation and amplitude errors (Figure 5-27(d)).

In the case illustrated, three casing structures (A, B, C) are trans-
formed into two or four envelopes depending on how the interenvelope
gap parameter is adjusted. In the two-envelope case, the second steel
belt is completely merged into the first envelope along with the first
steel belt. In the four-envelope case, a "null" envelope has been
interposed between the first and second steel belt envelopes which will
result in a serious misclassification by the CPU.

5.3.5. Saturation Disposition. If the TQM is in the CRP or P/M main-
tenance mode, the saturation condition flag is ignored and TQM operaticn
continues normally. This is allowed because signal saturation is
inherent in the materials monitored in these maintenance modes and such
saturation in no way degrades thre validity of the information precessing.
The saturation condition flag is also ignored if the TQM is in a textile
TIRE TYPE inspection mode (TRUCK/T 1 or 2) since the saturated signal
does not affect the information teing processed. Fowever, if the ™V is
in one of the four steel-belted TIRF TYPL inspection modes (TPUCK/S 1 or
2, PASS/S 1 or 2), the set saturation condition flag may rave an effect
depending on the recent inspectior history of the TQM, as illustrated in
Figure 5-17. .

If the saturation is detected after the TIRF TYPE has beer selected arnd
gain calibrated and before the first analysis has been accomplished (by
pushing the ANALYZF buttorn and observing an inspection result), the TQM
will be forced into a calibration request state signaled ty a flasking
"-CAL" message. VWhen the operator responds by perferming a TZST CAL

gain calibration, the TCM will behave as descerited in par. £.5.3.

However, with the saturation corndition flag set, an array of calibration
setpoints different from those portrayed in Table 5-3(a) will te accessed.
These setpoints will be typically lower in value to alleviate the origi-
nating saturation problem. Table S-3(b) lists these alternate setpoints as
they are stored in the EFPRCM. Until a tire type is re-selected or the
TQM is turned off, these alternate setpoints will be erabled.

Because the TCM can automatically detect saturation and change state
accordingly, and because the GPP reference bleck rormally reflects
saturated signals, the operator must set the TEMP display mode befcre
placing the transducer on the reference block for TEST calibration of a
tire type. This defeats ultrasonic acquisition and, hence, saturation
detection and its subsequent effects. The cperator thereby assures that
the simple act of gain calibration will not switeh the ™OM to an
unwanted setpoint value. Conversely, the operator must alsc remove the
transducer from the reference block before selecting another display
mode.
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On the other hand, if an analysis has been successfully accomplished
since the last gain calibration, or if the TQM is already calitrated to
the alternate gain setpoint of the TIRE TYPF selected, the saturation
condition flag will te ignored. The philosophy behind this feature

is that if a subset of tires of the selected TIPF TYPE exhibits a

higher reflectivity thar the usual tires of the TIRE TYPE selected,

and if a group of such high-reflectivity tires is being inspected, then
the first tire to be inspected frcm this group is likely to be represen=-
tative of the group. Its high reflectivity will create the saturation
which, in turn, will trigger the TQM to go into a state more consistent
with the inspection of this group of tires. If, on the other rand, the
first tire to be inspected is representative of a group of normally
reflecting tires, the TQM will not detect saturation and will maintain
the principal gain setpoint of the TIRE TYPE selected. It will also
ignore subsequent saturation conditions until a future selection cf TIPRF
TYPE, in effect presuming that such saturations are not representative
of the tire group being inspected,

5.3.6. Temperature/Thickness Compensations. After reflection envelope
features have been extracted, the values of the maximum amplitudes p§ (i)
are next adjusted to standard conditiens. This is necessary tc ccmpen-
sate for the attenuation of ultrasound with distance of travel through
rubber and to compensate for attenuaticn and velocity variations with
temperature in rubter. The compensation factor imposed is selected as a
function of the value of the last calibrated tread temperature and of the
depth of each reflection envelope as measured by the times t€(i) at

which each reflection was acquired. Pecause the velocity of ultrasound
varies significantly with temperature, these times must be corrected to a
standard temperature value. This is:

t§(1) = t§(1) - [1.SEIFTPERTEMP (7¢c.m)y i = 1,...,7
2.125

The constant values 7C and 2.125 are respectively, the starndard tem-
perature (OF) and its associated inverse velocity in ruktber

(sec/(1/1€ inch)). The parameter SHIFTPEPTEMP is stored in FTFPCM at
ETEA and is alterable using techniques descrited in par. 5.7.2.2. Tts
present value is hexadecimal 28, representing a velocity variation with
temperature of 0.065 us/in/°F.

The times thus corrected and the calibrated temperature serve as indices
cross-referencing a look-up table of peak amplitude compensating facters.

The TQM is delivered with a set of three preprogrammed

temperature/thickness compensation tables in EEPRCM, one table feor each

tire type. Selection of a TIRE TYPE automatically selects the )
appropriate compensation table. The entries in these tables can be

altered by procedures presented in par. 5.7.2.3.

Thus, as part of its pattern reccgnition processing, the TQM executes
simple multiplicative compensations of ultrasonic reflecticn amplitudes
for a common temperature and fcr respective temperature-compensated
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depths. The processing logic is outlined in Figure 5-28. The envelopes
are now ready to be isolated by the application of appropriate
"windows."

5:3.7. Windowing. After all the maximum amplitudes of reflection enve-
leopes have been compensated for temperature and respective depth, the
envelopes' features are searched for time discrepancies. This is done teo
prevent features of multiply-rebounding ultrasonic reflections from
contaminating the feature sample. It also helps to exclude features

from the transducer ringout and, for shoulder inspections, to separate
tread and casing features. This process of time "windowing" is
illustrated in Figure 5-29 and creates three TIRI TYPE-~dependent windows:

e Passenger steel radial (Tmax-Sus)ﬁt< Tax+10us)
® Truck steel radial (Tmax-10us){t& (Tpay+12us)
e Truck textile bias M0us £t< (tg(a) + 1hus)

Referring to Figure 5-29 the procecdural dependence on tire type is
obviously the existence of two entry points and, less cobviously, the
presence of the parameters NEARSTRUTIME and FARSTRUTIME. The values of
these two parameters stored in RAM are selected at time of TIPL TYPE
selection from all the tire-type-dependent values stored in EFPPCM
(Table 5-7).

The parameter FARSTRUTIME is always used as an offset from some critical
peak time, whereas the use of the parameter NEARSTRU™IME is either an
offset or an absolute limit dependirg on whether the tire is of steel or
textile construction respectively. The critical peak time is also
dependent on tire type. For textile tires, it is the time tg(a) of

peak amplitude pg(a) of the first reflection envelope P; in the window.
For steel tires, it is the time Tpax of the largest amplitude Ppay
envelope extracted as discussed in par. £.2.4, Therefore, as illustrated
in Figure £-2¢ for z2ll tire types, those envelopes with peal: times less
than the type-dependent minimum structural time are eliminated from con-
sideration.

The notation Py P, ...Pp refers to the severn sets of envelope features
possible with each ﬁi referring to the set of features tg(i), p§(i),
tgfi), t&(i) of envelope i. Cnce those envelopes ccecurring earlier thkan
the minimum time are eliminated, envelopes with peak times larger than
the type-dependent maximum structural time are sought. Ycte that for
steel tires a decision is made as to whether the computed offset time or
the second reflection time is tc be used as the maximum.

No such decision is made for textile tires due to the necessity of
detectinrg at least two envelopes for precise classification, even if the
second envelope is a second reflection of the first. When envelopes
beyond the latest structural time are detected, they are eliminated and
the envelopes, thus "windowed," have been prepared for classificztion.
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Mrocess Anplitude and Time Compensation
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(Flowchart 3.7a)
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Y
Exit
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Figure 5~28. Amplitude and Time Compensation
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Figure 5-29. Windowing Flowchart
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Table 5-7. Structure Isolation Windows

LABEL ADDRESS DESCRIPTION
PSR I NSTRTIME 812 Offset before Pmax (Passenger Steel-Pelted 1)
TTX I NSTRTIME E852 Limit before Pa (Truck Textile-Plied 1)
TSR I NSTRTIME E892 Offset before Pmax (Truck Steel-Belted 1)
PSR IT NSTRTIMF E8D2 Offset before Pmax (Passenger Steel-Pelted 2)
TTX II NSTRTIME EG12 Limit before Pa (Truck Textile-Plied 2)
TSR II NSTRTIME E952 Offset before Pmax (Truck Steel-Pelted 2)
CRP NSTRTIME E9G2 Offset (Glass-Reinforced Plastic PRlock)
RN_NSTRTIME ESD2 Offset (Rubber/Nylon Elock)

(a) Minimum Peak Times ("NEAR STRUCTURE TIME")

LABEL ADDRESS DESCRIPTION
PSR I FSTRTIME ES1Y Offset after Pmax (Passenger Steel-Relted 1)
TTX I FSTRTIME E854 Limit after Pa (Truck Textile-~Plied 1)
TSR-I FSTRTIME' E8QY4 Offset after Pmax {Truck Steel-Pelted 1)
PSR-II FSTRTIME EBDY Offset after Pmax (Passenger Steel-Belted 2)
TTX II FSTRTIME E914 Limit after Pa (Truck Textile-Plied 2)
TSR II FSTRTIME E954 Offset after Pmax (Truck Steel-Relted 2)
GRP FSTRTIME E994 Offset (Glass-Reinforced Plastic Plock)
RN_fSTRTIME ESDY Ooffset (Rubber/lylon Block)

(b) Maximum Peak Times ("FAR STRUCTURE TIME")
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£.2.8. Envelope Classification. After feature extraction, compensation
of amplitudes for temperature and thickness, and windowing, the reflec-
tion envelopes are next classified into tire structure categories
according to rules which have been derived from past observations of the
structures, The basic structure categories are tondline, body plies,
and liner. When steel-belted tires are inspected, the categories of
first belt and second belt are added. 1In all the discussicns that
follow, textile tire belts are referred to as top body plies. The term
"tbelt" is reserved for steel belts which are treated as a special case
in the TQM.

The structure categories obviously vary with tire tyvpe, but so do thre
classification rules. The following is a summary of these rules:

& Steel Padial Tires:
-p§laly 0.¢ pe(b) Py is first steel belt, etc.
-pg(a)k 0.6 pg(b) P, is bondline, etec.

o Textile Bias Tires:

-Single envelope/single superenvelope:
~Pre-retread:

10.0us > t§(a) P, is bordline
30.0us > t§(a) > 10.0us P, is body plies
tg(a) > 30.0us Pa is body plies

¢ DPost-retread:
29.%us > t§(a) Pa is bondline
b, Qus » tg(a) > 20.%us P is body plies
tp(a) > Wk.O0us Py is liner

e Multi-ervelope/multi-superenvelope (£2):

5.6us > t8(5) - t3(a) Py is bondline, Py is

body plies, etc.

8.2us » tg(b) - tg(a) > S.6us execute single
envelecpes/s.s. tests
12.0us » tg(b) - tg(a) > 8.2us P is body plies, Py is
- iner, etc.
tp(b) - tg(a) > 13.0us P, is bondlire, Py is

liner, etc.
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® Multi-envelope/multi-superenvelope (23):
e - te e - - - M
tp(c) tp(a) + M3 2Itp(b) tg(a) > tg(c) tg(a) M

multiple ringing detected, execute single envelope/s.s.
tests

As before, indices a, b, and ¢ refer to the first, second, and third
isolated unclassified envelopes and P; refers to the sets of envelope i
features of which pg(i) is the peak amplitude and t&(i) is its asso-
ciated time. In the case of textile tire inspection, the creation of
superenvelopes is an extra stage of feature extraction and will be
discussed more fully in par. 5.2.8.2.

5.3.8.1. Classification of steel radial tire envelopes. Fxperience has
shown the ultrasonic reflection envelope classification to be simply
based on the relative amplitudes of the two first-detected signal enve-
lopes., The algorithm assumes the first steel belt will always be
detected and decides the classification on the results of a measurement
for bondline presence. This measurement is conducted usirg the para-
meter C1 in a way such that if the first-second reflection amplitude
ratio is equal to or greater than Ci, the first envelope is classified
as a first steel belt reflection and the second envelope is classified
as a second steel belt reflection. If the amplitude ratio is less than
C1, the first envelope will be classified as a bondline reflection and
the second envelope will be classified as a first steel belt

reflection. This is equivalent to saying that bondlines in steel-belted
tires reflect less ultrasonic energy thar belts by a factor of C1.
Mathematically, this is expressed as:

p§(a) > C1.p§(b) classifies Pa as steel belt 1,
Py as_steel belt 2, etc.

p5(a) € C1.pg(b) Classifies Pa as bondline
Fp as steel belt 1, ete.

The value of parameter C1 is selected at tke time of TIRE TYPE from
values stored in EEPRCM. Each is alterable by procecdures discussed in
par. 5.7.2.3. Figure 5-30 illustrates the lecgic flew of the steel tire
classification process.

5.2.8.2. Classification of textile tire envelopes. Fxperierce has
shown the ultrasonic reflection envelope c¢lassificetion to »e hased c¢n
the separation in time between acdjacent envelopes. There are three tex-
tile tire classification categories (i.e., tondline, body plies, and
liner) and three time separation limits are used for each textile tire
type. These are stored in EEPPCM ancd are alterable using procedures

discussed in par. 5.7. Their labels are LCWCAPLIMIT_p, CAPIT”** -nr
and HIGHGAPLIMIT_, and their address anc¢ values are llsted in Tab S=T7.,

The operator should remember that after altering the FCTPOM
values, he must reselect the desired TIPE TYPE to activate them.
(See Figure 5-31.)
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Process Ervelope Classification

.
a

Vv
Ce (- count of envelopes
Vv yes
Ce=@? - —— .
no @ H
Vv Yo :
pa(a) Y= Cl¥*¥pa(b)? ==—-—. :
yes : : :
v : H
P7 (- @ H :
F1 is bondline category Pe (- @ : :
F2 is 1st belt category FS (- Pd : :
F3 is &nd belt category s : :
P4 is body ply category F2 (- Pa : :
FS is lirner category Rl (- @ : :
v Vv :
Pa thrcough Pd are sets of < - - (==
uriclassified envelope features. H
v
Exit

Figure 5-30, Steel-Belted Tire Classification Algorithm
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Because textile tires tend to ultrasonicazlly exhibit less dense struc-
ture than steel-belted tires, two extra considerations must be made.
First there exists the possibility that only one envelore will be
detected and no separation time can be computed. Sfecond, it is possible
that a single-body ply structure may te represented by more than one
envelope with a consequent misclassification of structures. The single-
envelope possibility is handled by the TQM processing a special case
when it detects only one envelope. This special case decides the
classification of the single envelope by how deep under the tread sur-
face it lies. A bondline/plies limit and a plies/liner limit are used
and the values set depend on the RETREAD MOLDE set during inspection.
Table 5«7 lists the two pair of values stored in FEPRBOM and laheled
PPELOWLIMIT_, through PCSTHICHLIMIT_ . These values are alsc alterable
by procedures discussed in par. 5.7.2.3., but the operator must remerher
to reset the desired PRLETEBEAD MODF after alteration to activate the new
value(s).

The TQM handles the possibility of multiple envelopes from one structure
by always generating "superenvelopes." This process is conceptually
similar to the envelope-generating process discussed in par. 5.3.%. and
is nothing more than the extraction of "superenvelope" features from
envelope features when adjacent envelope start and end times are
separated by less than a required amount (see Figure 5-22)., ™his amount
is labeled TEXTNULLCAP._pn, and is alterable in EFPPOM by procedures pre-
sented in par. 5.7. Its address and values are listed in Table 5.9, If
only one superenvelore is generated, the TQM proceeds to the single-
envelope process discussed above. Otherwise, classification is done by
time separation between superenvelopes. If multiple ringing is still
detected at this point, the algorithm allows a single-envelope detection
using the first envelope. Mathematically, these rules are expressed
below:

e Single Envelcpe/Superenvelcpe:

¢ Pre-Retread Mode:

PRELOWLIMIT > tg(a) Py is bondline (Dy)
PREEIGHLIMIT > tg(a) 3 PRELCKLIMIT Pa is body plies (Pa)
t§(a) > FREFIGELIMIT P, is liner (Pg)

e Post-Petread Mode:

PCSTLOWLIMIT > t§(a) Py is bondline (Pq)
POSTEICELIMIT > t€(a) 3 POSTLOWLIMIT P is body plies (Ps)
tg(a) » POSTHIGPLIMIT P is liner (Pg)

e Multiple Superenvelope:

63




Creat Supererivelopes

Vv
n (-1
s (=1
Vv
{ - -~ -— -
Vv

ts(s) (- tsir
pa(s) (= pain)
tp(s) (= tp(r)
te(s) (- te(n)

Y
. >
: v
H n {(—n + 1 s (- s + |
i : s
1 : v yes 3 -
: N = 87 ——eon——- >} Return to :
H ne ¢ Calling routine :
: \% yes H
: te(s) — ¢ts(m) >= [TEXTNULLGARI? - =
: no s
: rno Vv
H § mm—————— pa(n) )= pal(s)? TEXTNULLGAF selected from EEFROM
2 : yes at time of tire type selection.
: : v See Table 3.5
H : pa(s) (= paln)
H : tp(s) (= tp(rm) ts( ) is start time
: H H pa( ) is largest amplitude N
: : \% tp( ) is time of larpgest amplitude
5 mee——— > te(s) (- telm) te( ) is end time
’ Irndex n for ervelopes

Index & for superenvelapes

Figure 5-32. Superenvelope Feature Extraction
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Table 5-8. Truck Textile-Plied Tire Classification Parameters

LABEL

PRELOWLIMIT
PREHIGHLIMIT
POSTLOWLIMIT
POSTHIGHLIMIT

LOWGP LIMIT
MIDGAPLIMIT
HIGHGAPLIMT
TEXTNULLGAP

LABEL

PRELOWLIMIT 2
PREHIGHLIMIT 2
POSTLOWLIMIT 2
POSTHIGHLIMIT

LOWGP LIMIT 2
MIDGAPLIMIT 2
HIGHCAPLIMT 2
TEXTNULLGAP_2

ADDRESS

EALO
EA42
EABY
EALG

EAL8
EALA
EALC
EA4E

(a) TRUCK/T

ADDRESS

EBOO
EBO2
EBCY
EBO6

EBO8
EBCA
EBOC
EBOE

DESCRIPTION

PRE-RETREAD depth to Body Ply
PRE-RETREAD depth to Liner
POST-RETREAD depth to Body Fly
POST-RETREAD depth to Liner

Minimum Bondline-~Ply Peak Separation
Minimum Ply~Liner Peak Separation
Maximum Ply-Liner Peak Separation
Gap Limit

1 TIRES

DESCRIPTION

PRE-RETREAD cdepth to Pody Ply
PRE-RETREAD depth to Liner
PCST~-RETRFAD depth to Body Liner
POST-RETREAD depth to Liner

Minimum Bondline-Ply Peak Separation
Minimum Ply-Liner Peak Separation
Maximum Ply-Liner Peak Separation
Cap Limit

(b) TRUCK/T 2 TIRES
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LOWGAFLIMIT > t§(b) - tp(a) Py is bondline (Fq);

P, is bocy plies (Pj3)

MIDGAPLIMIT 3 t§(b) - t§(a) > LOWGAPLIMIT execute test above
HIGHGAPLIMIT > t§(b) - t§(a) 3 MIDGAPLIMIT Pa is body plies (P3);
P, is lirer (Pg)
t§(b) - t§(a) > FIGKGAPLIMIT Py is bondline (Pq);
P, is liner (Fg)

5.3.9., Storage and Quality Analysis. The discussion to this point has
been of TQM action to maintain a tread depth or quality number display
updated at a 3-Hz rate. Automatic analysis of the quality of the
inspected tire is done by saving three to five different sets of enve=
lope features using the STORE operation and then commencing the analysis
using the ANALYZE operaticn. The analysis first checks all the STOREd
envelore feature tables for time and amplitude consistency znd, if
enough consistent tables exist, they are combined into c¢cne cocmposite
table upon which a variety of tests are performed to assess tire
quality. Otherwise, the TQM requests more STCPE cperations.

5.3.9.7. Saving envelope features. Vhen in the CUALTTY display mocde

the inspector is satisfied that he is receiving a stable, representative
signal, he may save the envelope features of that signal by pressing the
STORE button. The TQM will then save the set of envelope features
extracted at the time of its receipt of the STORE command {see Figure
5-33). Upon completion of the save, the STCPE LED will be turned on for
1 second. Up to five such saves can be made and, for good sampling, it
is recommenced that at least three be made. If more tharn five saves are
made, only the latest five features sets will te aralyzed.

5.3.9.2. Majority analysis. When the inspector depresses the AMALYZE
key, the accept/reject test series appropriate to the selected tire type
will commence. The first step is a check for sampled dataz consistency.
The TQM compares each sample with the other two to four to confirm the
presence of a common pattern of envelcpe features among them. Any
sample exhibiting a categorized envelope whose pezk amplitude is suf-
ficiently different from the peak amplitudes of identically categorized
envelopes for a majority of other samples is removed frem the sample
population because of amplitude inconsistency. Likewise, any sample
with a classified envelope whose time of peak occurrence does not lie
between the start and end times of identically classified envelopes for
a majority of other samples is removed from trke sample population due to
a lack of time similarity. This process, referred to as "majority
analysis," is summarized in Figure 521, If less than three samples sur-
vive this examination, the TQM will display the message:
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Prccess STORE Command
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Is Display Held With ANALYZE Result? —-~—=—=—
ne s
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Turn on STORE led

Vv g
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yes i
v
Eriable STORE listirg

* a4 ws B g ba ¥
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Advarice Structure Cyclic Array Pointer
Advance Foreosity Cyeliec Array Rointer
Lack in Latest F1,F3,F3E,RP4,PS,FE,P7
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TABLECOUNT = 57?7 —wemecem e
NS 3
%
TABLECOUNT (— [TREBLECOUNTI + 1
Vv
Exit

Figure 5-33. STORE Command Execution
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"n Add"

where n is the number of additional samples required to bring the S&TCRId
complement up to the minimum of three samples. This display will hold
with a flashing AMALYZE LED until the operator pushes the AMALYZE but-
ton (see Figure 5-35). The operator can then proceed to STCPF rore
samples. If the TCM cannot detect three or more consistent samples
after more than two tries, it will proceed with an aznalysis based on the
surviving samples. Of course, if three or more samples survive any

"ma jority analysis," the inspection analysis will proceed as described
below.

5.2.9.2. Amplitude averaging. The next analysis step is a computation
of the average value of the maximum amplitude for each categorized
reflection envelope. If, cdurirg this computation, a flag is sensed
indicating acquisition of data while the TQM had a stored temperature
value less than 20 OF or greater than 115 OF, the analysis will atort and
the OUT-OF-TEMP LED will light. Otherwise, the TQM proceeds with peak
amplitude processing (see Figures 5-36 and 5-37).

5.2.9.8. Amplitude processing. After classification, storage, and
averaging, the envelope peak amplitudes are measured in various ways to
detect patterns characteristic of known types of tire flaws. The flaw
characterization rules have been derived from past observations of tire
structures by experts in the ultrasonic inspection of tires. The basic
flaw categories are poor bonding, separation or degradation of the bhody
plies, and porosity. When inspecting steel-belted tires, the categories
of first and second belt separation must be added. The flaw classifi-
cation rules vary with tire type. In general, flaw classification in
textile tires is based on comparisons of ultrasonic amplitudes with
absolute threshold limits and flaw classification in steel-belted tires
is based mostly on comparisons of ultrasonic amplitudes with the ultra-
sonic amplitudes of neighboring structures.

.4, Inspections

5.4.1, Steel Radial Tires. The two types of inspections performable on
steel-belted tires are reflected by the implementation of two sets of
flaw classification rules for these tire types.

5.4.1.1. Midline inspections. The series of accept/reject flaw classi-
fication tests programmed irto the Monitcr is illustrated in Tigure £-2°,
It 1s an ordered sequence of relaticnal comparisons of measured reflec-
tiorn amplitudes with each other and of absolute comparisons to set stan-
dards., The ordering of the test sequence reflects the sensitivity of
each test to the detection of the flaw. For example, the detection of
second belt separation is more reliably detectable by comparing second
and first belt reflection energies than by comparing the second belt
energy to an absolute standard (see Table S-¢)., Careful examinaticn of
Figure 5-28 shows that the actual number of tests is small. "here are
only 11 (1 relational and 1 absolute test for separation of each belt, 2
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Frocess [ ] Amplitude Consistency
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Process Stewel-Belted Tire Accept/Reject Tests
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Figure 5-38.
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Steel-Belted Tire
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Table 5-9.

LABEL

PSR I LBN
TSR I LBN
PSR™IT. LEN
TSR:II:LBN

LABEL

PSR I LBF
TSR I LBF
PSR IT LBF
TSR-TI_LBF

Liner Accept/Reject Test Parameters

(a)

()

ADDRESS

EE16
£896
E8DE
E956

DESCPIPTICON

Passenger Steel-Pelted 1
Truck Steel-Belted 1
Passenger Steel=Pelted ?
Truck Steel~Belted 2

Minimum 2nd Belt--Liner Time Difference

ADDRESS

E818
E8G8
E8D8
ESS8

CESCRIPTION

Passenger Steel-Pelted 1
Truck Steel-Belted 1
Passenger Steel-RBelted 2
Truck Steel-Belted 2

Maximum 2nd Belt--Liner Time Difference
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relational tests for separation of the body plies, 1 relational test for
body ply degradation, and 3 switching tests). Vhen combined, there are
IC potential tests that can be applied to a tire being inspected. "hese
tests can end in one of €90 possible results. Eight of these indicate an
acceptance of the tire.

Figure 5-38 shows the flow of the accept/reject test series. Detectable
and significant bondline tests split the processing flow into three
branches. Close examination shows the equivalerce c¢f each branch with
respect to test priority and parameters used. Test priority is suck
that flaws of the belts and then of the body plies are assessed by rela-
tive comparisons and then belt flaws are measured by absolute
thresholds. The right-hand tranch in Figure 5229 is slightly different in
that an extra test of the inspecticn mode is made and an absclute test
for first-belt separation is deleted. This branch for "excessive
bondline” presumes that the large energy return from the tondline will
render meaningless any absolute measure for first-belt separation and
it, of course, senses the lMonitor inspection mode before judging whether
the bondline is a flawed retread product or an exrendable part of 2
retread candidate.

Each branch is bifurcated on the btasis of relative second belt reflec-
tion energy. Tris has no obvious rationale, but has teen programmed to
mimic the basis upon which tire inspectors have been known to make
correct decisions.

5.4.1.2. Shoulder inspections. This type of inspection is used to
cdetect casing belt-edge separations in the shoulders of retreacd can-
didate tires or porous tread in the shculders of retread tires
resulting from undercure during the retread prccess. As a result, the
Monitor will inspect for porosity in this mode only if the POST-PFTREAD
mode is also enabled. Vhen inspecting steel-belted tires in any
SHOULDER TEST LCCATION mode, the midlire accept/reject test series is
always run first to inspect for belt-edge separations in the shoulders.
If the Monitor is in the POST-PETREAD mcde and no casing flaws are found
in the shoulder, the test for rejectatle porosity begins when thrree
porosity reflections are detected within the appropriate time window.
If it is then found that the amplitude of any c¢f these reflectiors is
greater than a set porosity threskold, a rejection due to pcrosity pre-
sence is indicated.

5.4.2. Textile Tires. The two types of inspection performable on
textile-plied tires is reflected by the implementation of two sets of
flaw classification rules for this tire type.

5.4,2.1. Midline inspections. The series of accept/reject textile tire
flaw classificatiorn tests programmed into the Monitor is illustrated in
Figure 5-39. It is a sequence of absolute ccmparisons of measured reflec-
tion amplitudes to set standards. Careful examination of Figure 5-327 shows
that there are only two tests (one absolute test each for separation and
for degradaticn of the body plies). Altogether, there are eight poten-
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Textile-Plied Tire Accept/Reject Algorithm

Figure 5-39.
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tial tests that can be applied to a tire teing inspected. These tests
can end in one of 21 possible results. Six of these indicate an accep-
tance of the tire.

Figure 5-29 shows the flow of the accept/reject test series. Detectable
and significant bondline tests split the processing flow into three
branches. Close examination shows that the testing sequence in each
branch is equivalent and that body ply flaws are cdetected by comparing
reflection amplitude with absolute threshoclds. "he right-hand branch in
Figure 5-39 is slightly different in that there is no test for body ply

degradation and an extra test of inspecticn mode is macde. The presence of

a significant bondline recuces bocdy ply amplitude and makes any degracda-
tion test meaningless. This branch is followed whken a sigrnificant
tondline reflection is detected ard is used to sense the TCM inspection
mode before judging whether the tondline is a flawed retread product or
an expendable part of a retread candidate casing.

5.4.2.2. Shoulder inspections. This type of inspecticn is used to
detect porous tread in the shoulders of retreaded tires resultirg frcm
undercure during the retreading process. As a result, the TQM will
inspect for porosity in this mode only if the PQST-PETRFAD mode is also
selected. If the PRE-RETRFAD mode is selected, the TCM will not do
accept/reject processing and will issue blank displays and "accept"
decision only. If the TQM is irn the PCST-RETRFAD mode, the test for

re jectable porosity begins when three porosity reflecticns are detected
withir the appropriate time window. If it is then found that the ampli-
tude of any of these reflections is greater than a set porcsity
threshold, a rejection dué to porosity presence is indicated along with
a display of tke number of reflections. OQOtherwise an acceptance is
indicated. Figure S5-U0 outlines the logic of porosity testirg.

5.5. Calibration

5.5.1. Ceneral. The TQM is programmed to perform three types of
automatic self-calibration. They are:

(1) Temperature Calibration

(2) Gain Calibration, and

(3) ©DAC Adjustment.
Temperature and gain calibrations are frequently executed as part of the
daily operation of the TQM. DAC adjustment is performed every f months
as part of scheduled mazintenance. The Operator, Maintenance, and

Calibration Manuals describe the use of these calibratiors in more
detail. This chapter discusses the supporting software.

5.5.2. Temperature Calibration. The czlibration of the TCM to the tem-
perature of a tire casing is done by reading the output of the accessory
thermocouple as it is embedded in the tire tread. As illustrated in
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Frocess Sheoulder Tests

% ‘ I

Fost-retread inspection? ———-—- > Exit to
3 ' callirng routine
yes
V)
Cp (- Porcsity reflection count
Y ves
Cp ( 47 —oemwmmnn————— ) Exit to
no calling routine
v
Cp (- Poresity [pa >= Rill count
Vv ves
Cp = @? —~———————m———— Yy Exit to
Y 2 calling routine
Vv
r por Cp

Figure 5-40. Common Tire Porosity Accept/Reject Algorithm
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Figures 5-81 and 5-U2 this procedure executes the normal TEMP display process
described in par. 5.3. in order to read the thermocouple and update the
display. It then processes a comparison of the two most recently

acquired temperatures and terminates with a finished calibration if

their difference is less than 29, The finished calibration termination

is simply a storage, for later reference, of the last temperature read

and a computation from its value of the indices required for data com-
pensation. If, after a period of 20 seconcds of attempting temperature
calibration, the TQM cannot acquire two consecutive temperatures whose
difference is less than 20, it terminates in an uncalibrated condition.

5.5.3. Gain Calibration. The calibration of the TQM receiver section
gain is an adjustment of the voltage controlling the gain of the first
amplifier (AGC,) in the receiver until the maximum peak amplitude of the
ultrasonic reflection sampled off a GPP-to-air interface falls within a
range of one unit around a TIRE TYPF-dependent setpoint (see Table
5-10). As illustrated in Figures 5-43 and 5-44, this procedure executes
the normal reflection feature extraction process described in par. 5.2.,
iscolates the peak of maximum amplitude lying between time limits spe-~
cifie¢ by EETROM variables E7BO (CAL LOW WINLCOW) and E7B2 (CAL I'TCH.
WINDOYW), and compares this amplitude value with a setpoint value
selected by TIRE TYPE and by saturation disposition histery (par.
5.3.5). If the maximum peak amplitude is less than the setpoint value,
the ACCq1 gain is increased anc if the maxirmum amplitude iec greater thran
the setpoint value, the ACCqy gain is decreased. The TQM then continues
this acquisition, compare, and adjust cycle until a match yields a ter=-
mination with good calibration or until it reaches the limits of ACCy
gain adjustment, at which point the TQM issues a "-CAL" ressage and ter-
minates in an uncalitrated state.

5.5.4. Automatic TDAC Adjustment. The adjustment of the DAC is a
variation of the gain calibration procedure descrited above. As
explained in Section 4.3.3.3. of the Calibration Manual, the autcmatic
DAC ad justment is started by pressing the TF®™ CAL switch. UHowever, if
the RAM memory address FFC1 (AUTO DAC FLAG) has been loaded with ttre
number one (by procedures described in par. £.7.2.2.), instead of
starting the gain calibration, the TOM will start adjusting the DAC.
This process is summarized in Figures S5-15 and S5-LE,

The aim of the automatic DAC adjustment procecdure is tec medify the slope
control voltage of amplifier AGC» so as to minimize the variance between
TQM reflection amplitudes and "icdealized" amplitudes at three pointes in
time. To do this the TCM first adjusts the gain of the first receiver
amplifier (AGCq) until the first reflecticn cff the l-inch rubber test.
block is unsaturated. It then uses this amplitucde to compute the speci-
fic values of the "idealized" compensation curve for the third ard fifth
multiple reflection. This part of the DAC adjustment is designated as
stage 1 in Figure 5-4€, <Stage 2 is simply the cormputation of the initial
variance (v) between the detected reflection amplitucdes pzaf{i) and thre
"idealized" values ta(i) accordirg to:
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Start Temperature Calibraticonm

v
Set FLAGS (b&) [("in—-service" itruel
Clear FLAGS (b&) ["timed-out" falsel
Clear FSELECT+1(b&) L(ric calibration srror conditiond

%

CALTRYCNT (-
CALAVERAGECNT (-
CALENDCNT (-
CALTOTALFPEARKS (-~

v
TEMTIM (- @
Vv
Turn On TEMP CAL led

.
-

v
Process Temperature Display
(Flowchart 32.3)

v
CALIE_TEMF (- [LAST_TEMF_READ]

R S )

v
Exit

Figure 5-41. Start of Temperature Calibration
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Frocess Temperature Calibration

\%
Process Temperature Display
(Flowchart 3.3)

%
T(t-1) (- [CALIB_TEM™]
T (- CALIB_TEMR <- L[LAST_TEME_RERD]

yes \% Yo
. ———— IT) = Tt-1)1 ( 1? —=———m——m .
v v
CALENDCNT (—= [CALENDCNTI - 1 CALENDCNT (-~ &4
ne v v
Exit (-=-— CALENDCNT = @7 CALTRYCNT (- [CALTRYCNTI - 1
yes 3 :
Vv Vv i
Process Compensatiorn of Limits CALTRYCNT = 2?2 ——=-=) Exit
: yes :
\% ' :
Clear "Qut-0f-Temp" bits irn STORE Tables :
Compute Lockup Table (TEMPDIVEYS) irndex :
Compute Interpclation (TEMRPREMAIN) irndex H
v yes :
Indices in Rarnge? —--———————e——-- . :
\v) : :
Set "Out-0f-Temp" bits in STORE Tables : :
v, : :
(- - - ' :
\% %
TEMTIM (- S*62*15 Set FLAGS (bE) ["timed-cut" truel
Turrn Off TEMR CAL led Clear FLAGS (b4, b2) ["hold","in-service"
: : falsel
Vv :
Set FLAGS(b4) ["hald" truel :
Clear FLAGS (b&, b2) ["timed=-out","im—-servigce" falsel
v v
Exit Exit

Figure 5-42. Temperature Calibration
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Table 5-10. Gain Calibration Setpoint Values¥*

TIRE TYPE ADDRESS DESCPIPTION
AMPTABLE PSR I E7Q0 Passenger Steel-Belted 1
TTX" 1 E792 Truck Textile-Plied 1
TSR I E794 Truck Steel-Pelted 1
GRP™ E796 Glass-Reinforced Plastic Rlock
RN E798 Rutber/Nylon Block
PSR II E7CA Passenger Steel-Belted 2
TTX 11 E70C Truck Textile-Plied 2
TSR_II E7SE Truck Steel-Belted 2

(a) Primary Gain Calibration Setpoints

TIRE TYPE ADDRESS DESCRIPTICHN

ALTTABLE PSR I ETAQ Passenger Steel-Belted 1

TTX-I E7A2 Truck Textile-Plied 1

TSR 1 E7AY Truck Steel-Belted 1

GRP ETA6 Glass-Reinforced Plastic Block

RN E7A8 Rubber/Nylon Block

PSR II E7AA Passenger CSteel-Belted 2

TTXII E7AC Truck Textile-Plied 2

ng:II ETAE Truck Steel-Belted 2 =

(b) Secondary Gain Calibration Setpoints

*TQM Reading of Setpoints = Setpoint/k.23
Example for GRP (refer to Listing in Appendix):
15 = 63/4,23 where €3 = 3F

10 16
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Process Gain Catibration
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Figure 5-44. Gain Calibration
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Start DAC Adjustment
%

Save RAM_TMR_SLOFE

Save RAM_TMF_INGAIN

Save RAM_TMRE_DUTGARIN

Save RAM_TMFP_FN_GAIN

- o

age (g, c) (- QacoaH

INC (- @
TERM (- CRAM_TMF_SLOFE]

CALTRYCNT (-
CALAVERAGECNT (-
CALENDCNT (-
PS_TRYCNT (-
CALTOTALFEAKS (-

(SR S

PEAK n (= & (rn=1,3,%)

Erable

B e () C o
12
b1
n
i}
»a

m
X
ot

Figure 5-45. Start of DAC Adjustment
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Figure 5-46.
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v = :E: l pa(i) -~ ta(i)]
i:1!3)5

Stages 3 and U4 in Figure 5-%6 constitute searches either side of the ini-
tial AGCp slope value for such a value which minimizes the variance (v)
as computed above (see also Figures 5-47 and 5-88)., Since the locus of
variance with respect to slope cannot be expected to be monotonic, tkre
search algorithm adjusts the TCM slope in a simple, sequential manner.
As presently constituted, the TQM limits this search to £l values of
slope either side of the starting point, yielding a processing time of
less than 10 minutes. Each time a variarce is computed with value less
than the previous variance, this new variance becomes the next previous
and the value of the voltage controlling the slope of ACC, is saved. At
the end of the search, this saved value then tecomes both the active
controlling voltage of AGCs slope (by being sent to the hardware port)
and the permanent backup value (by being written into FFPPOM memory
E786). As discussed in Section 4,2.3.3. of the Calibration Manual, the
TQM then displays the value of the lowest variance computed (as a
measure of the quality of the adjustment) arnd waits for the operator to
press the CLEAPR switch.

5.E. Displays

£.6.1. Alphanumeric Display. Various types of information are provided
on the alphanumeric display. These are described in the Cperating
Manual. Indicated in this report is the fact that coded information

supplemental to analyzed accept/reject decisions is provided. It is in
a form:

Number Code Tire Information

Number Code is specific to type of tire inspected, steel or textile.
See Tables 5-11 and 5-12 for a list of code meanings.

For each code number, as apprcpriate, the tables provide the TQM
constant which caused this code to appear, whether the critical reject
decision was made on a relative or absolute basis, which part of the
tire was involved, the reject decision basis, the number of peak
envelopes detected, the bondline level detected, and whether (for steel-
belted tires) the 2nd belt/1st btelt amplitucde ratio is low or high.
Tire-Information is presented zs:

1b - if 1st belt signal is reason for rejection

2b - if Znd belt signal is reascn for rejecticn

b - if body plies are reason for rejection

averaged quality number - if the tire is accepted
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Process DAC Errar

Vv
CALTRYCNT (- C[CALTRYCNT1 - 1
Vv ric
CALTRYCNT = @7 ————= Y Exit
yes :
V)

Set FSELECT+1(bé)
Set FLAGS(B7)
Clear FLAGS (bS, b3)
v

Restore Oripginal RAM_TmME_SL.OPE
Restcre Original RAM_TMF_INGARIN
Restore Driginal RAM_TMF_OUTGRIN
Restore Original RAM_TMF_FN_GARIN

Vv
Exit

Figure 5-48. Automatic DAC Adjustment Error Handler
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Table 5-11.

CODE

01
02
03
08
08
09
09
32

Textile~Plied

INTERPRETATION

ply
ply
ply

degradation
separation
separation

if retread, bondline

if retread, bondline

ply
ply
ply
ply
ply

ply
ply
ply
ply

ply

separation
separation
degradation
degradation
degradation

separation
separation
degradation
degradation

degradation

Tire Accept/Reject Codes

re jectable
re jectable
re jectable
acceptable
re jectable
acceptable
re jectable
rejectable
re jectable
re jectable
re jectable
re jectable
acceptable
acceptable
re jectable
rejectable
rejectable
re jectable
acceptable
acceptable
re jectable
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with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with

=N S N2 N2 ) D)2 ON = O s P = O

peaks

peak and significant bondline
peaks and significant bondline
peak and significant bondline
peak and significant bondline
peaks and significant bondline
peaks and significant tondline
peak and significant bondline
peaks and small bondline

peak and small bondline

peak and small bondline

peaks and small bondline

peak and small bondline

peaks and small bondline

peak

peaks

peak

peaks

peak

peaks

peaks (Liner)



Table

CODE
01
02
03
oL
05
06
07
09
1"
12
14
18
18
20
22
23
25

B3
B3
B3
Bl
BY
BY
B7

5-12

E3
B3
BA
B4
BY4
BT
B6
BE
Al

. Steel-Belted Tire Accept/Reject Codes

INTERPRETATICN
abs SB2 degradation

abs
rel
rel
rel
rel
rel
rel
rel
rel
abs

SB

1 separation

SB2 separation

SB2
SB1
SB1
SB1
ply
ply
ply
SB2

separation
separation
separation
separation
separation
degradation
degradation
separation

if retread, bondline
B8 rel ply separation

BS rel ply degradation
B6 rel ply degradation
Al abs SB2 separation

if retread, bondline

B3
B3
Bl
BU
BY
BT
B6
BE
Al
A2

B8
B6
B6
Al
A2

rel
rel
rel
rel
rel
rel
rel
rel
rel
rel

rel
rel
rel
rel
rel
rel
rel
rel
abs
abs

rel
rel
rel
abs
abs

SB2
SB2
SB2
SB2
SB2
SB2
SB1
SE1
SB1
ply

SB2
SB2
SB1
SB1
SB1
ply
ply
ply
Sp2
SB1

ply
ply
ply
SB2
SB1

separation
separation
separation
separation
separation
separation
degradation
degradation
separation
separation

separation

degradation

degradation
separation
separation

separation
separation
separation
separation
separation
separation
separation
separation
separation
separation

re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
rejectable
re jectable
acceptable
re jectable
re jectable
re jectable
re jectable
re jectable
acceptable
re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
re jectable
acceptable
re jectable
re jectable
re jectable
re jectable
re jectable
acceptable
re jectable
rejectable
re jectable
rejectable
re jectable
re jectable
re jectable
re jectable
re jectatle
re jectable

with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
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peals
peak
peaks,
peaks,
peak,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peak,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
pezks,
peaks,
peaks,
peaks,
peaks,
peaks,

significant bondline

significant bondline

significant bondline

significant bondline

significant bondline

significant bondlire, and low SR2:SB1
significant bondline, and low SB2:SB1
significant bondline, and low SB2:SP1
significant bondline, and low SB2:SB1
significant bondline, and low SR2:SR1
significant tondline, and low SP2:3P1
significant bondline, and high SB2:8B1
significant bondline, and high SB2:SB1
significant bondline, and high SE2:8BE1
significant bondline, and high SB2:SE1
significant bondline, and high SB2:SB1
significant bondline, and high SR2:SB1
small bondline .
small bondline

small bondlire

small bondline

small bondline

small bondline, and low SB2:SB1

small bondline, and low SB2:SB1

small bondline, and low SE2:SE1

small bondline, and low SE2:SB1

small bondline, and low SB2:SB1

small bondline, and low SE2:SR1

small bondline, and high SB2:SR1

small bondline, and high SB2:SB1

small bondline, and high SE2:8B1

small bondline, and high SB2: SP1
small bondline, and high SB2:SP1

small bondline, and high SR2:8BE?

no detected bondline

no detected bondline

no detected tondline

no detected bondline

no detected bondline

no detected bondline

no detected bondlire

no detected bondline

no detected bondline

no detected bondline, and low SE2:8P1




Table 5-12.

79
80
g1
82
83
84
85
g6
87
88
8¢
S0
91
92
93
ok
65
g6
97
98
99

B7
B6
B
B6
Al
A1
A2
42

B8
Bg
B6
BE
B6
Al
Al
A2
A2

rel
rel
rel
rel
abs
abs
abs
abs

rel
rel
rel
rel
rel
abs
abs
abs
abs

(Continued)
ply separation
ply degradation
ply degradation
ply degradation
SB2 separation
SB2 separation
SB1 separation
SE1 separation
ply separation
ply separation
ply separation
ply separation
ply degradation
SB2 separation
SB2 separation
SB1 separation
SB1 separation

rejectable
rejectable
rejectable
rejectable
re jectable
rejectable
re jectable
re jectable
acceptable
acceptable
rejectable
re jectable
rejectable
rejectable
rejectable
rejectable
re jectable
rejectable
re jectable
acceptable
acceptable

with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
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peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,
peaks,

Steel-Belted Tire Accept/Reject Codes

detected
detected
detected
detected
cdetected
detected
detected
detected
detected
detected
detected
detected
detected
detected
detected
detected
detected
detected
detected
detected
detected

bondline,
bondline,
bondline,
bondline,
bondline,
tondline,
bondline,
bondline,
bondline,
bondlire,
bondline,
bondline,
bondline,
bondline,
bondline,
bondline,
bondline,
bondline,
bondline,
bondline,
bondline,

and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and

low
low
low
low
low
low
low
low
low
low
high
high
high
high
high
kigh
high
high
high
high
kigh

se2:sp1
SB2:SE1
SP2:3R1
SE2:5B1

SB2¢:8Pt - -

p2:2B1

SB2: SR1
SB2:8PR1
SB2:SB1
SE2:8B”1
SB2: 8B
SB2:5P1
SB2:3R1
SB2:SP1
Se2:Set
SP2:8B1
SP2:SR1
SR2:SPE1
SBi1:5B2
SR1:8B2

SBE1:8B2.



Only the last two items will appear if the TQM is ir the textile TIRF
TYPE mode.

5.6.2. Oscilloscope Display. An analog FT display is available which
monitors, via oscilloscope, the tire reflection signal as received by
the transducer and amplified by the fixed and variable gain amplifiers
in the receiver stage. This signal is supplied by a PMC output on the
TQM front panel. The signal output amplitude is limited to *1.0 voltis
peak-to-peak and no external trigger or synchronization mark is
supplied. Recommended oscilloscope settings are:

e Vertical: 0.2 de volts/div
e Horizontal: 10.0 micrecseconds/div, internally triggered.

The analog FRF signal is refreshed at a 10C-Fz rate. Cn a properly set
and triggered oscilloscope, the transducer "main btang" response will
appear approximately 17 microseconds after trigger and the region of
interest (i.e., ultrasonic reflections from the tire casing) will 1lie
between 17 and 81! microseconds (Figure S-4C). " The analog PF signal is
equivalent to the PF signal output of a standard ultrascnic tester.

5.6.3. Printing Listings. Tabular listirgs of reflection features and
envelope features are available through a dedicated output or the TV
front panel. This output is compatible with the FTA serial PRS2322C for-
mat. The output rate is set at G,€CQ baud, PTS logic positive, eight
bits compose a transmitted character, there is one stop bit and no
parity, and the data format has been optimized for use with a Datel
APP-L8 printer. The operator srould consult his printer manual for
equivalent alignment.

Tabular listirgs are enabled by access to a flag in rmemery and, if
enabled, are activated as part of normal STOFE and ANALYZF functions.
To enable listings, a code number must be entered into memory FFCO
using the UPCATE mecde direct memory reprogramming sequence cescribed in
par. 5.7.2.3. The allowable code numbers and their meaning are:

0 listings disabled

1 short form listing enabled

2 long form listing enabled

At turn-on time, the TQM defaults to a "listirg disabled™ stage. If
listings are desired, the following steps must te performed:

(1) Enter UPDATE mode using keyswitch

(2) Address memory FFOC (see par. 5.7.2.3.)

(93]
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(3) cEnter desired code intc memory (see par. £.7.2.
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(b) Tire Inspection

Figure 5-49. Analog RF Display
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(4) Leave UPDATE mode

Figure 5-50 illustrates the listing formats available. The short-term
listing (Code 1) prints the calibrated temperature, tread depth, and
envelope features of the ultrasonic signal capturecd when the STORE key
is depressed. The envelope amplitudes have been compensated for tem-
perature and depth and are in tinary-coded decimal (BCD) format. Fach
time has been compensated for velocity variation with temperature and is
represented in two ways. The first is the accumulation of a 20-MHz
clock, as used by the CPU, and the second is in terms of equivalent
microseconds, useful for oscilloscope comparisons or depth computations
by the operator.

The long-form listing (Code 2) prints, in addition to the short-form
listing described above, the reflection features from which the envelope
features were derived. The reflection amplitudes are as rectified and
smoothed in memory and the times are again represented in 2C-MHz clock
accumulation and in equivalent microseconds. Priefly, the tables list:

e Amplitudes of reflections (OSpa5127) or envelopes
(0.004pag?.¢9)

e Peflection/envelope start times (tg)
® Reflection/envelope peak times (tp)
e Reflection/envelope end times (tg)
The operator must be careful when comparing times between the reflecticn
and the envelope parts of tke long~form listing. Fach reflecticn
feature time is compensated for temperature-dependent accustic velccity
variations when it is processed into an envelope feature time. Tre ten-
perature used is listed in the printout for adjustments.
Depth within the casing is derived from the propagation time hy the
relation:
2.12¢
d is depth in units of one-sixteenth inch
t is propagation time in microseconds
When the ANALYZE key is depressed while either prirting mcde is enabled,
a short-form listirg will be generated which tatulates the averages of
features captured in the tables gererated by previous STCIF operations.

The number of such tables will also te listed.

£.7. Peprogramming Procedure
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50 n. Counts HSeconds
" Tstart Tpeak Tend l[' Tstart Tpeak Tend 44]
aw
. Amplitude
16 154 159 163 7,70 7.95  8.15
22 -167 170 173 8.35 8.50 8.65
43 175 179 185 8.75 8.95 9.25
61 185 191 197 9,25 9.55 9.85
47 199 204 211 9.95 10.20 10.55
16 219 223 226 10.95 11.15 11.30
35 229 234 240 11.45 11.70 12.00
28 243 247 253 12.15 12.35 12.65
17 257 260 265 12.85 13.00 13.25
18 269 274 279 13.45 13.70 13.95
12 284 286 291 14,20 14.30 14.55 -
10 296 299 303 14.80 14,95 15.15
9 312 317 320 15.60 15.85 16.00
15 337 344 349 16.85 17.20 17.45
17 353 358 362 17.65 17.90 18.10
17 366 371 377 18,30 18.55 18.85
17 392 399 404 19.60 19.95 20.20
LONG | 23 408 414 421  20.40 20.70 21.05
FORM 11 498 507 510 24.90 25.35 25.50
12 517 522 527 25.85 26.10 26.35
11 533 538 544 26.65 26.90 27.20
11 573 579 582 28.65 28.95 29.10
9 614 622 627 30,70 31.10 31.35
12 696 702 710 34.80 35.10 35.50
6 776 781 782 38,80 39.05 39.10
TEMPERATURE: 72 DEG THICKNESS: 3/16"
STORED DATA:
00.00 0 0 0O 0.00 0.00 0.00
00.99 154 191 197 7,70 9.55 9.85 — SHORT
00.46 219 234 - 252  10.95 11.70 12.60 FORM
00.20 267 272 302 13.35 13.60 15.10
00.12 336 369 375 16.80 18.45 18.75
00.00 0 0 0 0.00 0.00 0.00
00.00 0 0 0 0.00 0.00 0.00
L ||
Ts Tp end Ts Tp end
Compensated
Amplitude
Figure 5-50. Printer Output
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CAUTION
FRCGPAMMING MUST CNLY PE PERFOPMED BY AN FYPERTENCEL PROGRAMMEP
IMPROPER DATA ENTPY CAM MAKF EQUIPMENT IMOPCRARLF,
5.7.1. Alternate Keyboard.

5.7.1.1. Primary interpretations. Peprogramming the TQM is initiated
by setting the front panel key switch to the TAPLE UTDATE positicn.

This disables the normal operations c¢f the Monitor and enables the
reprogramming mode. UWhen in this mode, most of the front panel switches
are disabled. Those that remain enabled fall into two groups. Cne
group retains its operational interpretation. This includes the six
TIRE TYPE and the two RETFFAD VMOLCE switches. The other group is

enabled only in the reprogamming mcde. These are the CLFEAP, IFXT, and
ENTER switches. All other switches have no Menitor operaticns interpre-
tation in the reprogramming mode. See Figure 5-51 for panel markings to be
used in the update mode.

The NEXT switch is used for two functions. When depressed initially,

it starts arn active reprogramming sequence. This is indicated by the
flashing of the NEXT LED. Ary subsequent depressions of the NEXT switeh
while its LED is flashing act tc step through the reprogramming
sequence. The specifics of the stepping operation depend on which
reprogramming sequence is active.

The a2ctive reprogramming sequence is determined by which switeh is depressed
immediately after the initial depressing of the IFY™ kev., This suiteh
stroke will enable what is called the primary interpretation of the

switech, The supplied keyboard shows the primary interpretaticn of each
switch as trhe first text below the switch., TFor example, referring to
Figure 5-51, the switch which selects the TPUCK/™ 1 TIRE TYPE in the opera-
ticnal mode will have a primary interpretation ¢f THICK in the
reprogramming mode. This provides azccess tc the stored index of tread
thickness which will ernable the programmer to ultimately access the

stored temperature/thickness compensation factors. This switch zlso has

a secondary interpretation as the number "£." This will bte discussed

later in par. 5.7.2.3. on memery modification.

If any keystroke results in an error condition (signaled by the
appearance of an "E" on the display, a flashing of the CLEAR LED, ard a
failure in Monitor responsiveness), the CLFAP switch rust be defpressed to
release the failure condition hold state and tc abort the current
reprogramning sequence. The operator may also use the CLFEAR switeh at
any time he chooses to abort a reprogramming sequence for any reason.

The ENTER switch is used to terminate a reprogramming sequence normally.
If no data has been entered, the ENTER functicn leaves memory unaltered
and extinguishes the NEXT LED. If data has been entered, it is stored
into memory.
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Figure 5-51.

TQM Selector Switches
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5.7.1.2. Secondzary interpretaticns. Once a parameter of primary
interpretation has been entered, all the front panel switches become
interpretable according to the second functiorn indicated on the front
panel overlay. Typically this is an interpretation of numerie input
with value 0 to ¢, alphabetic input of letters A through F, and/or a
decimal point. The correctness and meaning of sutsequent input will be
dictated by the primary interpretation of the sequence-initiating
switch.

CAUTICN

AT MO TIME SECULD PCWEP EE REMCVED FRQM TEE TQM DUPTMG
UPDATE OPERATIOMS. ADDITTICNALLY, TEE TQM MUST I'OT BF
TURNED CFF BY REMOVINC ITS LINE PLUG FPRC!" A POWEP SCURCE
AT ANY TIME. TRANSIENTS GENERATEL RY SUCH POWER LOSSES
CAN PARTIALLY CR CCMPLETELY EPASE EEPPRCM CCONTENTS.

£.7.2. Keying Instructions.

5.7.2.1. Temperature/thickness compensation tables. The Monitor is
delivered with capability of revising the lookup tables used to com=
pensate reflected ultrasonic amplitudes for both tread thickness and
tread temperature. Fach compensating factor is dually indexed by a tem-
perature index between 30° and 115° and by a thickness index tetween
four- and twenty-sixteenths of an inck. The first access to any
temperature/thickness compensation factor must be prececded by at least
one setting of eack index. An error condition will result if an attempt
is made to access a compensating factor withcut prior indexirg. .

o Temperature Indexirg. Setting the compensation tatle tem-
perature index is performed by pressing the NEXT and TCMD
switches in sequence when in the reprogramming mode. This
initiates the temperature index reprogramming sequence as
indicated by the flashing of the NEXT LED and by the
display of the current temperature incdex. If the current
index is the value desired bty thke programmer, he should
leave the value unaltered by pressing the FNTFR switch next
in sequence., This will terminate the temperature incex
reprogramming sequence. However, if the programmer wishes
to alter the temperature index, he may c¢o so by one of two
metheds., One method is to successively press the YEIT
switch until the desired index value is displayed. The
other method is to explicity enter the desired value by
sequentially pressing switches zccording to their secondary
interpretations. The number entered must te a multiple of
© (60, 65, 70, etec.). Either method requires depression of
the ENTER switch to store the new index value and terminate
the temperature index reprogrzmming sequerce. An error
condition will result if an attempt is made to set the tem-
perature index outside the rarge of 20 to 1159 or if an
index is entered that is not divisible by five,
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Thickness Indexing. Setting the compensaztion table
thickness index is performed by pressing the NEXT and THICK
switches in sequence when in the reprogramming mode. This
initiates the thickness index reprogramming sequence as
indicated by the flashing of the NEXT LFI and by the
display of the current thickness index. If the current
index is the value desired by the programmer, he should
leave the value unchanged by pressing the ENTER switch next
in sequence. This will terminate the thickness irndex
reprogramming sequence. Fowever, if the programmer wishes
to change the thickness index, he may do so by one of two
methods., One method is to successively press the NEXT
switeh until the desired index value is displayed. “he
other method is to explicitly enter the desired value by
sequentially pressing switches according to their secondary
interpretation. Either method requires depression of the
ENTER switch to store the new index value and terminate the
thickness index reprogramming sequence, If a thickness
index value outside the range of U to 20 is entered, an
error condition will result.

Tire Type Selections. After temperature and thickness
indices have been set, the operator should assure himself
that he has selected the appropriate TIRE TYPE before
accessing the compensation factor. This is because the TOM
holds three tables of compensation factors for the three
pair of tire types. Which table is accessed is determined
by the TIRE TYPE enabled at the time of access. Tf the
type selected is that desired by the operator, he may then
proceed to the access described in the next paragraph.
Otherwise, he may select the desired TIRF TYPE without
leaving the UPPATE mode ty simply pressing the appropriate
TIRE TYPE switch using its operational interpretaticr. Tlor
this, no use is made of the NEXT or ENTEFR switches,

Compensation Factor Examinaticn/flteratiorn. T toth ten-
perature and thickness indices have been set, access to thre
compensation factor can be made by pressing the VEX™ and
T/T DATA switches in sequence when in the reprogramming
mode. This initiates the compensaticn factor reprogramming
sequence acs indicated by the flashking of the U'EYT LID and
bty the display of the indexed compensation factor. If the
current factor is the value desired by the programmer, he
may leave the value uncharged by pressirg either the NEYT
switech or the ENTER switch. Pressing the !NEYT switceh will
step the Monitor to the next compensation facter in the
table., Whether this step was toward a factor related to
higher temperature or to greater thickness depends upon
which of the two indices was last accessed prior tc the
compensation factor access. The programmer will be
reminded of which index was last accessed ty the flashing
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of its LED during the compensation factor reprogramming
sequence. Pressing the ENTEE switch will terminate the
compensation factor reprogramming sequence. I¢ the
prograrmer wishes to alter the value of the indexed factor,
he must explicitly enter the desired value by sequentially
pressing switches according to their secondary interpreta-
tion. He must then press the ENTFR switch to store the new
compensation factor and to terminate the compensating fac-
tor reprogramming sequence. Any attempt to enter z factor
in excess of ¢.G%¢ will cause an error ccndition.

5.7.2.2. Accept/reject parameters. The monitor is delivered with the
capability of revising the thresholds and ccefficients used in classifi-
cation and analysis of the ultrasonic reflection pattern curing tire
quality testing. There are four parameter categcries grouped according
to the related tire fault. These categories are:

® Porosity detection parameters

e CSeparation detection parameters
® Degradation detection parameters
o Pondline detectiorn parameters

Where a parameter is uniquely specified bty the cperational rocde switch
settings of TIRE TYPE and PETRFAL MCDFE, reprogramming mode access tc
that parameter will yield its current stored value to display and modi-
fication. JTn all cases, access to the parameter value will be mediated
by an intermediate access through the name of the parameter. That is,
the programmer will not access the parameter value until he enters the
parameter name using the secondary interpretation of the switches
followed by an ENTER switch depression.

The principal function of the intermediate name access is to previde a
built-in list reminding the programmer of the various parameters
available. Thus, after he selects the parameter category, the
programmer may access the parameter value ty one of two methods. UFe may
sequence through parameter names by successively pressing the VEYT
switch until he finds the desired name and enters it, or re rmay enter
the parameter name immediately without prior sezrching. Tn either case,
it is the active entry of the name followed by pressing the FNTFP switch
that provides access to the value. If a nonexistent or unrelated para-
meter name is entered, an error condition will result.

Parameters can be of a threshold type and a coefficient type.
Thresholds are integer numbters scaled to the 0 to 20 quality scale
displayed during inspectiorn. Ccefficierts are real pesitive numhers
restricted to values less than 10.00. Any entry of an unexpected or
inappropriate number, name, or character will generate anr error ccn-
dition.
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If the parameter valuve is to bte left unaltered after viewing, the
programmer simply presses the ENTER switch to return to a state where he
can start another reprogramming sequence. However, if the programmer
wishes to alter the value of the parameter, he must enter the new value
by pressing the switches according to their secondary interpretation.

If the new value is not an interger, the TP (decimal point) switech must
be used. The new value will be echoed on the TC!M display, but will not
be stored until the programmer presses the ENTER switch.

Two examples are presented to clarify the techniques of accept/reject
parameter reprogramming:

o Example 1: Altering the Porosity Petection Amplituce
threshold applied to Fost-Petread Inspection: This para=-
meter can take on one of two values depending on whether
the PETREAD MOLE is PRI or PCST. Therefore, before ini-
tiatirg the porosity accept/reject parameter reprogramming
sequence, the programmer must assure that he will access
the correct parameter by first selecting the appropriate
RETREAD MODF. This can be done without leaving thre
reprogramming mode by simply pressing the desired FF™PREAD
MCDE switch according to its operational interpretation.
The LED cenfirms successful mode selecticn. The programmer
can now begin the reprogramming sequence by pressing the
NEXT and POR DATA switches in order. The displays will
show a flashing MNEXT LED and the name of the accessibhle
porosity parameter, All. As indicated irn the upper left of
Figure 5-£2 there is only this one parameter name in
the list and it accesses FPETREAD MCDF-specific storage. To
access the parameter value, the programmer next enters the
name by pressing the switch sequence:

A 11 EXNTEP

using secondary interpretation of the relevant switches.
At this point, the integer value (usually a 10) will
appear. If the programmer does not want to change this
value, he can exit this reprograrming sequence by pressirg
the ENTER switch and the value will te retained. Fowever,
if the programmer wishes to change this parameter to a new
value, he must enter the new value by pressing switches
according to their secondary interpretation. For example,
if the new value is to be %, the prcgrammer must press the
switch sequence:

5 ENTER
The value is stored when the ENTFR switch is pressecd.

o [xample 2: Altering the Fondline Detection Parameter 1
Applied to Passenger 1 Inspection: The tondline
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accept/reject parameters can take on 1 of 12 possible values
depending on the TIRE TYPE selected and, if a textile TIRE
TYPE is selected, the RITPFAD MCDE. Therefore, before ini-
tiating the bondline parameter reprogramming sequence, the
programmer must assure that he will access the correct
parameter by first selecting the appropriate TIRE TYPr and,
if necessary, the RETREAD MODF. As explained in example 1,
this can be done w