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IMPORTANT NOTICE

This document contains proprietary information which is the exclusive
property of DWS Electronics, and may not be reproduced in any form
without its express consent.

The information contained herein is supplied without representation
or warranty of any Kkind. DWS Electronics therefore assumes no
responsibility and shall have no liability, conseguential or
otherwise, of any kind arising from the use of this meter and/or
information contained in this material.
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Introduction

The System 4101 Maturity Meter provides accurate, predicable concrete
strength determination by monitoring the concrete temperature via
disposable thermocouple wires. Some of the henefits of using this
meter on the construction site include:

- fcrm and shoring removal time prediction

- loading and pcst-tensioning time prediction

- control of winter heating and insulaticn requirements
- accelerated construction scheduling

vears of experience using data logging electronics in construction
environments are behind the System 4101 Maturity Meters Desgign. The
nse of thermocouple wires for temperature sensing enables long or
short cable runs and allows flexibility in the placement of the
temperature sensors. As well, low cost, type "M thermocoiiple wire is
used with connections made via quick-connect thermocouple jacks.

The computerized nature of this meter provides features previously
unavailable in concrete maturity meters:

- complete conformance to ASTM C1074-87 specification
for estimating concrete strength

- simultan=zous calculation of 2 different maturity factors

- programmability of equation constants, meter ID #,
date and time, serial port parameters, and phone #

- metar to meter data transfer

- data output to a computer, modem or printer

Despite the flexibility designed into this meter, it's cperation is
easily understood through the use of a large 32 display and well
designed keyhoard layout. In addition, there is an extensive
on-screen help menu available.

Please familiarize vourself with this manual before using the
meter. There are some helpful hints that could save you time and
NCIEY .
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Meter Orperation

The System 4101 Concrete Maturity Meter is capable of performing many
funcricns relating to concrete strength estimation and guality
control. Although it is quite complex in design, learnir.g to use it
effectivelv is straight forward.

The meter is desioned tc be as user friendly as possible. A help
facility is provided that gives general information about the meter
and its use. The wvarious features and functions are easily accessed
through the use of the simple keyboard layout. The best way to become
familiar with this meter is to follow the tutorial presented here and
then to read though the rest of this manual.

1f you want fo know more about the applying the maturity concept to

concrete strength estimation, please refer to ASTM C1074-87,
"Estimating Concrete Strength by the Maturity Method".

Turning The Meter On and Off

To manually turn on the meter press the <ENTER> key (power on). The
time and date will be displayed on the top line of the display and

the meter ID # will be displayed on the lower line. After 2 seconds,

the "Present Values" menu is displayed. This is the menu that is used

to display the current channel temperatures and calculated maturity
factors.

The meter may be manualy turned off by pressing the <EXIT> key
(power off) anywhere in the Present Values menu.

The meter will automatically turn off 30 seconds after the last
keypress.

Viewing Present Values

Channel temperatures, temperature-time factors and equivalent age
factors can bhe viewed in the Present Values menu. To change the
selected channel, press the <UP> and <DOWN> keys. To change to
temperature-time values or equivalent age values, press the <ENTER>
key.
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Refer to the Alarms section for information on channel alarm
indicators (OQOFF, LTA, HTA).

Accessing The Menus

There are © software menus available on thie meter that may be called
up on the display:

Present values

Help Info

Recording Control

. Viewing Recorded Data/Meter Status
Parameter Setup

Communications menu

Gy Ul b W ro =

Press the <REC> key once to get to the Recording Control menu. Press
the came key again to get to the Parameter Setup menu. Press the
<EXIT> key to return to the Present Values menu.

esc the <VIEW> key once to get the the Viewing Data/Status menu.
ress the same key again to get to the Communications menu. Press the
EXIT> key to return to the Present Values menu.

A

’tl o

Use the <UP> and <DOWN> arrow keys to change the function selected
within eachh menu. Use the <ENTER> key to activate the function
selected. Use the <EXIT> to "back out" of functions and menus etc.

Help Info

The Help Information menu may be activated anywhere in the Present
Values menu. It contains more than 200 lines of information in 8
sub-menis. FPress the <UP> and <DOWN> arrow keys together to activate
this menu and then follow the instructions displayed. There are 8
':f—paru.h sub-menus to choose from. To cancel the help menu, just
press the <EXIT> key.
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Using The Menus

Recording Contrcl

There are 3 items in the Recording menu:

Start Recording
Stop Recording
. Erase

[0 I o

After the meter is placed in record mode, it automatically powers
itself off and "wakes up" when its time to take temperature
measurements. Temperature measurements are made every 1/2 hour up to
48 hours and then once an hour after that. The temperature-time
factors and equivalent age factors are calculated and stored each

time a temperature measurement is made. These factors may be reviewed
in the Present Values menu at any time during recording.

The erase function clears out all recorded values and resets the
memory pointers. It is not necessary to clear the memory before
starting a new recording. Separate records are kept of each reccerding
and the data from all recordings can be output to a computer or
printer for viewing at a later date via the COM PORT.

The current recording data can be reviewed in the Data Viewing menu
but previous recordings can only be output via the COM PORT. This
also applies to any recording data transfer from another meter.

There are 327 days of recording capacity (x 4 channels) when the
memory is erasecd. Each time a new recording is started, the number of
days available for recording will be displayed. If the battery
voltage becomes too low, the recording will automatically stop. The
battery can be replaced during recording if so desired without loss
of memory.

Constants (datum temperature etc.) may not be altered during
recording.
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Viewing Recorded Data

When reviewing recorded data and calculations, the channel 2 is
selected and then the following information is displayed:

- channel =

- hour # (Hr)
temperature (T)
temperature-time factor (TTF)
ecquivalent age factor (Age)

The <UP> and <DOWN> arrow keys are used to scan back and forth in the
recorded data. Holding down either key causes auto scrolling. only
the current data being recorded or which has just been recorded may
be viewed. Data that has previcusly been recorded but which has not
been erased cannot be reviewed. This also applies to data transfers
from other meters. This "hidden" data may only Dbe output to a
printer, computer or modem. It may also be transferred to another
meter.

Viewing Meter Status

This function displays the following:

available memory (in 'days)

memory used (in days)

battery voltage (minimum 5.5V)
memory & clock backup circuit integrity

This function should be selected each time the meter is used to
determine the condition of the battery and the available memory.

Parameter Setup

The following items may have their values or settings altered in this
menu:

1. Datum Temperature [-10]

2. Activation Energy Constant [5000]

3. Bquivalsnt Age Temperature [20]

4. Date & Time [EST]

5. Meter 1D # [C]

6. Temperature Sensing Calibration [calibrated]
7. Memory Initialization lerased]

3. Phone # {for modem dialing) [blank]
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The default values for these parameters when shipped from the factory
are indicated in square Dbrackets. Before using the meter, always
check for proper parameter settings. The required settings will
depend on: the type of concrete being nsed and the expected
temperature range. To gain familiarity with the subject of selecting
parameters refer to ASTM C1074-87.

WARNING

Do not perform & memory initialization or calibration unless
you are able to calibrate the temperature sensing circuitry.
These functions are only to be used after the replacement of
the clock/memory backup battery or if a memory corruption
has occurred. To properly calibrate the temperature sensing
circuitry, an ice bath (0°C) and a "hot" bath (30 to 40°C)
must be prepared. There should be 4 thermocouple cables
available for insertion into the baths. A thermometer
accurate to 0.5°C should be used to determine the
temperature of the "hot" bath. Follow the prompts on the
display. Consult the factory if you experience problems.

The phone £ can only be entered thru the use of a computer or data
terminal. Lo not try to enter a telephone # unless the appropriate
equipment is available. When the prompt appears on the computer
terminal display, enter the phone number without any spaces. Be sure
to include all the required digits. ie. the phone number
(416) 929-1C00 should be entered as "14169291000".

The <UP> and <DOWN> arrow keys are used to change the valuess/settings

(the scrolling feature can be activated by holding down the keys) in
most of the parameter setup functions.

Recorded Data Output

There are 3 different ways to output recorded data from the meter.
They are:

formatted cutput to a serial printer
or computer

- transfer meter-to-meter

formatted output via modem
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The formatted output is clearly labeled and can be included directly
in reports using the Data Output Function. This Formatted Information
may be sent directly to a serial printer or to a computer first, then
to a printer cor it may be imported into a spreadsheet program like
Lotus 123(tm) for graph presentation of the data. Be sure to set the
baud rate to match the printer/computer specifications.

There are times when a modem must be used to transmit the data over
phone lines. The modem transfer function auto-dials the phone #
stored in memoryv and waits for a proper connection before
transmitting the formatted output. The transmitting modem shculd use
the "AT" command set. The computer being used at the other end
should have an autoanswer modem attached to it that is operating at
the same baud rate as the maturity meter.

Almest any  communications program may be used to record the
transmitted data. Programs such as Perfect Link(tm) should be set to
log data to a file before the phone call is placed. As soon as the
phone call is autcanswered, the transmitted information will start to
appear on the computer screen. When the call is completed, the data
logging can be turned off and the file may then be edited with a
standard ASCII file editor or it may be printed or imported into
spreadsheets like Lotus 123(tm).

The meter-to-meter transfer function allows one meter to be used for
data collection from all the meters on a construction site to a
single meter and then data is then output from the collection meter
to a printer, computer, modem etc.

The required cables for wvaricus equipnient interconnections are
described in the section The Communications Port. They may be ordered
from distributors of this meter.

Alarm Conditions

The meter checks both the battery wvoltage and the memory and clock
backup circuitry integrity every time it powers up and continuously
menitors these voltages during meter operation. Warning messages will
be displayed if there is a problem. The 6V Lead Acid battery should
be recharged before the voltage drops below 5.5 volts.

- 10 -
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The tamperature s2nsing alarms include:
- low temperature, below -10°C ({LTA)
- high temperature, above +980°C (HTA)
- channel off (unplugged) (OFF)

These alarme are displayed in the following menuc:

Present Values
View Recorded Data
output Data

Modem Output

I

Read the section on battery maintenance and check the battery voltage
before the meter is used. Make sure that the meter lid has heen
fastened down securely so that the O-ring seal is water tight.

_11_
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The Communications Port

Introduction

The communications port uses standard RS-2232-C interface signals.
This is the same standard used by IBM PC serial ports and serial
printers. The handshaking protocol is XON/XOFF which eliminates the
need for complex cables. If a serial printer is being purchased for

use with the system 4101 maturity nmeter, make sure the XON/XOFF
feature ie included. Handshaking with an IBM PC is not as important
hecause computers can normally accept data as quickly as the maturity
nieter can send it. Most communications programs do allow for XON/XOFF

handshaking if required.

Modem Implementation

Before a2 modem can be used with the system 4101 maturity meter to
transmit data remotely to another computer, some modem configuration
requirements must be fulfilled. Check the modem manual to setup the
transmitting modem for:

- "pT" command set
DTR forced "ON"
asynchronous operation
proper BAUD rate (300/1200/2400)
data format: 8 data bits
1 start bit
2 stop bits
No parity
- DCD under modem control (not forced "ON")

The receiving modem must be conficured for auto answering.

Modems vary from manufacturer to manufacturer and in a few cases, DCD
{data carrier detect) can not be placed under modem control if DTR is
forced "ON". DCD must become active when a communications link has
beenr established with the answering modem. One way to get around this
problem is to provide a positive voltage signal loop back from a
modem cutput or test signal pin to the DTR pin. Then there is no
longer any requirement to foice DTR "ON" and DCD should be able to
rovide the required signaling to the system 4101 maturity meter.

- 12 -
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Cables

There are 5 cables available for the system 4101 maturity meter:

25 pin D shell serial cable for IBM FC

25 pin D shell to 9 pin D shell serial adaptor cable for IBM PC
25 pin D shell serial cable for modem

25 pin D shell serial cable for serial printer

Meter to Meter Transfer Cable.

moOowrE

Cable B is required for I1BM PC's with the smaller 9 pin D shell
serial connector. It converts cable A's 25 pin connector to a 9 pin
connector.

If the serial printer in use requires a female connector, use a
"gender changer" adaptor. This and other cable supplies are available
at local computer supply stores. Alternatively, cables may Dbe
obtained from distributors of this meter. Use the Connector Pinouts
sectionn of this manual to assemble cables for custom requirements.

Connector Pinouts

The following information may be helpful in assembling custom cables
for non-standard applications.

System 4101 Communications Port Connector:

1 - TRD
3 - RXD 2 - DCD
4 - GND

- 13 -
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Maturity Meter to IBM PC Cable:

AMP CPC 4 (male) DB 25 (female)
TED 1 ==-—==cmm—meesmeccme—b—o——a 3 RXD
DCD 2 --=--- NC
RXD 3 ===———-cmemmmeeeoe——o—————- 2 TXD
GND 4 ~====—-—=—-=-===—————————-—o-- 7 GND
----- 5 T8
|=--m- 6 DSR
[1o6p back) |~=v== 8 DCD
————— 20 DTR

9 pPin Female to 25 Pin Male D Shell Adaptor Cable:

Pin % (DB 9 female) Pin # (DB 25 male)
s NC
D o e o 5 2 3
3 mmmmmmmmm e m 2
i e 2 All signals match
(B e S e 1,7 except DCD and RI
B Vi s 0 i i e 6 which are NC
T i 5 e e e s o 4
§ mmmmmmmmmmmm—mm———— 5
9 w=mm———— NC

Maturity Meter to Modem Cable:

AMP CPC 4 (male) DB 25 (male)
TXD 1 =—=——esmmemcecccc—————ee==- 2 TXD
DCD 2  ===—=—==m=mmmm—m—m—m————————— 8 DCD
RXD 3 =—====—---m——mmmemm————————- 3 RXD
GND 4 =—--—=-—ememsmseeeeccaeceoo————- 7 GND

Maturity Meter to Printer Cable:

AMP CPC 4 (male) DE 25 (male)
T¥D 1 =—————mmemmemr— e —— === 3 RXD
Pey 2 2 NC
RED 3 —=--—--m—-—m—mmmmm—————mmoo 2 TXD
GND 4 ~—-—-——-rermmmmmmmm e — e m 7 GND

- 14 -
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Maturity Meter to Maturity Meter Transfer Cable:

AMP CPC

TXD
DCD
RXD
GND

4

male)

AMP CPC 4 (male)
3 RXD
----- 2 DCD
1 TXD
4 GND

IBM PC Serial Port 25 Pin D shell, male type connector:

pis

Pin #

N O~y U s W -

[N IS

Description

Frame Ground
Transmit Data
Receive Data
Request to Send
Clear to Send
Data Set Ready
Ground

Carrier Detect
Terminal Ready
Ring Indicator

GND
TXD
RXD
RTS
CTS
DSR
GND
DCD
DTR
RI

/

IEM PC Serial Port 9 Pin D shell, male

Pin %

OWo~-~auds W =

Description

Carrier Detect
Receive Data
Transmit Data
Terminal Ready
Ground

Data Set Ready
Request to Send
Clear to Send
Ring Indicator

standard Loop Back for XON/XOFF

Direction

output
Input
Output
Input
Input

Input

Ooutput
Input

type connector:

Direction

DCD Input
RXD Input
TXD output
DTR output
GND

DSR Input
RTS Cutput
CTS Input
RI Input
Handshaking:

- Connect inputs DCD, DSR and CTS to output DTR

- 15 w
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Modem 25 pin D shell,

Pin #

J o

MO~ WM

Desgcripticn

Frame Ground
Transmitted Data
Received Data
Request to Send
Clear to Send
Data Set Ready
Ground

Carrier Detect
Terminal Ready
Ring Indicator

GND
TXD
RXD
RTS
CTS
DSR
GND
DCD
DTR
RI

- 15 -

Female type connector

Direction

Input
Ooutput
Input
output
output

Output
Input
Output

Users Guide
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Field Preparation

Thermocouples

Thermocouple temperature sensors are used because they are economical
and rugged. They are ideally suited to maturity meter applications as
different length cables, deep sensor placement and complex form work
are easily accommodated.

"T" type thermocouples made of copper - constantan are used. They
are available in a wide range of wire sizes and insulation types, and

are inexpensive. Thermocouple wire can be purchased from most wire
companies and is available (along with standard connectors) from
distributors of this meter.

Cable Preparation

To prepare a thermocouple temperature transducer you will need a
length of "T" type thermocouple wire of 24 gauge or larger size and a
standard "T" type thermocouple plug. These plugs are included with
the meter and they are available through Maturity Meter distributors
or any of a number of different manufacturers. For long cable runs
use heavier gauge wire and if the situation warrants, consider the
use of armoured cable. y

The thermocouple wir2 has a polarity to it, the copper being the (+)
side and the constantan (silver in color) being the (-)
side. Disassemble the plug, separate the wire pair one inch (1") and
strip half an inch (1/2") off of each lead. Making sure that the
polarity is correct, connect the wires to the plug and reassemble.

To form the temperature transducer at the other end of the wire,
strip the wire end as above but this time twist the two leads
together (use a pair of pliers to insure that the connection is
solid). The point where the wire leads are twisted together forms
the temperature transducer. To make as permanent a connection as
possible it is recommended that the wires be soldered as well. To
prevent damage or corrosion, plastic dipping using a material such as
"PLASTI-DIP" ig also recommended.

Thermocouple cables may be prepared at the office so that site
installation is  accomplished in as efficlent a manner as
possible. Cables may be reused by cutting off old cables at the
concrete interface and following the same precedure as for a new
cable.

ol I e
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Meter and Thermocouple Flacement

when using the meter on the construction site you should keep the
following points in mind:

- the most common cause of Maturity Meter failures is from accidental
damage. Secure the meter away from high traffic areas, material that
might be moved when you're not around, and take care in transporting
them.

- long cable runs can be a problem if routed through high traffic
areas or around material that might be moved. Try to keep the cable
lengths as short as possible while making it easy to read the meter's
display.

- Concrete is very dense and can rip thermocouple wires when being
poured. Vibrators are often used which can cause the reinforcing
bars and mesh to vibrate violently. To reduce the possibility of
transducer failure, carefully place the wires around the reinforcing
bars. Make sure the wiring is done before the forms are
completed. For critical areas, wire more than one thermocouple so
that you have a backup if a transducer "open circuit" occurs.

- The exterior surface of the meter may be kept clean by protecting
it in a case. Contact with wet concrete is to be avoided.

y
To avoid over estimating the concrete strength, try to place the
temperature sensor in a cooler section of the concrete placement. See
ASTM standard C1074-87 for more information.

- 18 -
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Appendix

Eattery Maintenance

The Maturity Meter uses a rechargeable Sealed Lead Acid battery. It
is an excellent battery, which will stand up to rough operating
conditicns like low and high temperature extremes. Under normal
conditions the battery charge life will be more than 1 year.

Using the meter continuously for long periods (eg. reviewing recorded
data on the display) will increase battery drain significantly. The
battery charge life will be reduced to 60 hours if the meter is left
on continuously. If the meter is manually powered on for short
periods of time on (meter recording only), the battery charge life
will be greatly extended. Recharge the battery fully if the voltage
is less than 5.5 volts. Use the Meter Status menu to read the battery
voltage.

Meter operation above or below 20°C temperature will reduce the
battery capacity slightly.

To avoid backup battery drain during storage, always fully charge the
battery and stop recording before storage.

- 19 -
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Meter Care and Attention

The Maturity Meter is housed in a polycarbonate enclosure which is an
extremely strong material. It resists scratching, maintains its
flexibility over a wide range of temperatures and is impervious to
most solvents. With occasional washing the enclosure will stay
locking good for a long time.

Cement is hydroscopic in nature and contact with the nclosure will
eventually cause the lid machine screws to become devoid of
lubrication. A drop of cil will make the screws easier to loosen.

The thermocouple jacks should be kept free of any dirt or concrete

dust. Electrical contact cleaner is not recommended but alcohol and
a small wire brush could clean out stubborn dirt.

Maturity Concept Theory

In the last few vears there has been a good deal of investigative
work done in area of concrete strength determination through
electronic temperature measurement. This work 1s based on the
findings of J.M. Flowman, who first advanced the time-temperature
rate of gain of strength in portland cement concrete in 1947.

There are various methods of relating the 'concrete time-temperature
data to strength, but most methods employ the integrated value of
temperature with time. The "maturity value" is given by:

M = SUM[t(T + 10)]

where M = Maturity (degrees C * hours)
T = Average concrete temperature (degrees C)
t = Duration of curing (hours)

Interpolation of integrated temperature values on pre-determined
etrength versus time-temperature graphs enables instant strength
caleulations. Eecause concrete continues to gain strength down to
about -10 degrees Celcius this wvalue is usually used as the
integration "datum temperature'.
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An alternate way to determine concrete strength is wvia the
"equivalent age" calculation. This calculation enables strength

comparisons  between a  laborater cured concrete  cylinder at
temperature 'X' and the concrete being monitored at the job site. The
calculation uses the laboratory temperature 'X' ("equivalent age

temperature”) and the concrete "activation energy" constant to
compare the relative curing time of the construction concrete to the
laboratory concrete.

Although different concrete mix designs exhibit similar curing
characteristics, each should be tested to determine its exact
strength/maturity relationship.

Maturity Values are converted to strength estimates through the use
of prediction equations. The subject of converting maturity values to
concrete strength estimates is dealt with extensively in the ASTM
{American Society for Testing and Materials) Standard C1074-87.
Anyone using maturity meters should obtain a copy of this standard
either thrcugh vyour local library or directly through ASTM. This
standard also provides instructicns on how to select maturity
function constants (parameters) for different types of concrete and
gives clear exawmple calculations.

- 21 =



System 4101 Concrete Maturity Meter Users Guide

Specifications

Temperature Measurement

Jensor Measurement Range -10°C to +90°<C
Accuracy +1°C
Thermocouple Wire Type T

Data Recording

Memory Capacity 32K bytes
Data Capacity 10 months x 4 channels
Recording Interval Every 1/2 hour up to 48 hours

Every 1 hour thereafter

Communications

I/0 Port Serial RS-232C
Handshaking Xon/Xoff

Modem Control DCD

Data Format ASCII

Baud Rates 300, 1200, 2400, 4800,

9600 (selectable)

Batteries

Computer Power 6V 2.4 AHr Lead Acid Battery
(Panasonic LCR6V2.4P)

Charge Life Up to 1 Year at 20°C

Memory/Clock Backup 3.6V Lithium 1/2AA, 0.750 AH

Service Life Up to 10 years ar 20°C
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Mechanical

Dimensions

('ase Material

Weight

Thermocouple Connectors
I/0 Ceonnector

Environmental

Operating Temperature
Enclosure

Maturity Value Calculations

Programming:

Datum Temperature Range

Equivalent Age Temperature
Activation Energy Constant

Users Guide

7:8" % 4.7" % 2.,8"
Polycarbonate

2.9 1bs

Omega SMP-T-M(plug)

AMP CPC-1: 206429-1(plug;},
206062~-1(clamp), 66103-2(pins)

=20°C to +50%¢
Splash Resistant,
Impact EResistant

=20°C to +40°C
0°C to +40°C
0 to 20000°K

Maximum Maturity Values Displayed:

Temperature-Time Factor
Equivalent Age Factor

99599<C hours
9999 hours



Model 4101 Concrete Maturity Meter [2sv level 2.0] Parts Lis 16 Aug 1¢89
Uni

art Nuzber  Manuf. Descriction Oty Cost  Scurce Des.anator Numbers
Semiconguctors

PS0C3Z MHS ¢ bit microprocessor, 12MHz, CMGS 1 715 Serad U7

or 2BOCSIFR Intel

274256-29 Nzl 12K % = CMOS ZPROM, 200ns 1 7.04 Futurs nio
£3738-15L HEe 32 ¥ & CMOS RAM, low pewer, i3lns 1 17,50 ITT-RRE iz

et -1i%

TAHC/HCTZT Gctal D type late : 0.31 Zentronics U6, US
?éHC!HCT374 Sctel D flip flop i 0,55 ITT-RAR Us

4HC/HCTII8 3 to 8 iine decoder 1 0.6 Zentrcmics 19

"‘"EfHCTWv Quac Z input NAND 1 {,23 Future U1
T&HCOZ guad 2 input NCR 1 ¢.25 ITT-RRE Ué

T4EC/HCTOR quad 2 input AND 1 0.23 Future j12
TAHCIE Qued 2 input 27 3 (.23 Future g1, Uz, 13
¥AL690CPR Naxiz Processor Supervisor i 3.56 Future V13
ICLT170-185  Intersil  Real Tipe Clock 7.86 ITT-RAL U4

or -AIPG

4011 2uad I input NAKD 1 0.18 ITT-RAE P8
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or =N ALI ,

ERar '
ICLT660CPA Intersil  IC to DC coaverter 1 1.67 Zentronics  U28
Exar
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wodel 4107 Concrete Maturity Meter [Rev Level 2.0]

Parts List

Unit

15 Rug 198%

Part Number  Manuf, Descrirtion oty Cost  Source Tesignator Numbers
Capscitors
BT HLR 4 cemtraiab  1SpF/50V NEC mone, 0,17 spacing . § Futurs (23; o2
or SRISIAIS0GAA AVX
CNi5AZ30K] cemtralab  32p7/50¥ zomo, radizl, .17 spacing 2 11 ITT-RAE gi7, (18
JONI04M: Thouson 0,19F/50V mome, redial, 0,17 spacing L3 0,07 ITT-RAE £1,02,03,04,05,06,07,00,89,€10,21%,C14,
¢15.016,020,021,022,025,627,€25,C29,C36,
£31,032,033,034,035,£36,037, 038,039, AL,
C41,042,043,044,045.046,C47.045,049,030,
51,037, 05k
""LC [EM3UICH Rezet 1uf/50V mono, radigl, 0.27 svacing L p.55 ITT-RAE £54, 55
TAP1IM16SP 17 10uF/ 16V Tentalum, radial, 0.1" spacing 3 0,25 Future ¢12, €13, c19, €32, €53, €36, C39, CEl
T‘D UMD 177 150uF/10V Tentalum, radisl, 0.1" or 0.2" 1 1,58 ITT-RAL 26
spacing, 0.:5" dia. max, 0.5" length max
TL310227MCh  Kichicon  2200uF/18V Electrelytic 1 0,88 ITT-PAE CEd
Resistors
18] 23w, 5%, tape on reel 1 G.008 Intek 253
4720 . 2 0,008 Intek R26, R2T
%0 1 0.008 Intek R1Z
7 2 0,008 Intek RS, B7
1080 Z 0.008 Intek R2, Rll
220 1 £.008 Intek Rl
(TR 2 0.008 Intek R3, RS
10089 { 0,006 Intek R18, Ri%, RZD, RSO
470K0 2 0.008 Intek R4, B9, R1O
140 3 0.008 Intek RS, R13, Rik
42100 0.2%, 1%, 30ppm/C, tape cn reel 4 0.5 Zentronics R34, P38, R44, R4S
EOERG 1 0,025 Zentromics R3O
10 5 0.025 Tentronics  R35, R36, R39, R40, R4Z, R43, R46, R4T
10X 1 0.025 Zentronics K21
£0%4 1 7.025 Zentronics Rl
10050 2 (,025 Zentronics 228, R32
L10KD £ 0.025 Zentroaics  R15, R17, R33, R37T, R45, R4S
121R0 1 0,025 Ientronics 51
ST4ED 3 0.025 Zentronics  RZ2, ®23. 224, R23, RS
M0 2 0.02% Zlentronics  R14, R1E
¥ED RNC35J4022BS TTI 40,2 ohe. 0.25%, 0.5%, Z5ppa/C, taped 1 G.47 TTI p41
B3N2 Flner 4,7 ohm, 2w, 5% 1 0.13 ITT-RAE Ro4
11010193 Leckman 10 %ohz % 3 common SIP 1 0.25 ITT-BAE Rs1
L0R3CI03 Bechnan 10 Rohm x ! 1sclated SIP i (.15 ITT-RAZ RE3
1133C104 Beckman 100 Kohm & 5 isolated SIP 1 6,13 Zentronics RS2
SE/RE WRIDD  Beciman 106 che, 20 turn petentiometer 4 1,54 ITT-RAE P2, RP3, RP4, RPS
§6/63 WRIGE  Eeckran i) Kohm, ¢ turn sctentiometer 1 54 ITT-REE RFi
Pags ]




Model 4301 Concrete Maturity Meter [Rev Level 2.0! Parts List 16 Auc 98¢

Unit

Fart Numder  Manuf, Descrioticn gty - Cost  Source Desicnator Numbers
Batteries
TL3I0IT/E Tadiran 3.9V Lithiuz, 17221, B:" miH, solder tais i 7.4 In Stock Ri
LOARVE 8P Panasonic €V, Z.4AHr, fealed Lesd Acid 3attery i 13.20 Micropower B2
Connectors & Plugs
TEE-12R-0C Enslev 14 Conductor Flex trip for 10D i 4,80 Marshall 180t
£2-23-2081 ¥olex § % 1 Row Straicht Pin Contact for Pewer 1! 0.47 Tentronics P23
22-23-2051 Molex § x 1 Row Straight 2in Comtdct for Kybd 1 €.3¢ ITT-RAL Fi
1e=8=204 Molex § x 1 Row Streicht Pin Contact 1 0.40 ITT-RAE ]
ar 1100-5-104-01 Methode for Comm Port
AW104/11,2/136 Assman 0.1" Single Row Header 2ims, 2 x 1 1 (.11 Intek Ip1
20-01-2041 Molex female Keusing fo Mate with above, 4 v 1 1 0,15 Zentronics
22-01-2061 Holex Pepale Housing te Mate with above, 6 x 1 1 0.20 Tentrenics 33
JE-30-0114 Molex Contact Pins fer above, Tinm 10 0,06 Zentronics
RYI-T-5 Jzedqa Fanel Jack, Type T, Subminiature 4 2,19 Orega

SME-T-¥ Jnega Piug, Type T, ¥ele, Subriniature, 7 spere 6 1.7 Opege
206430-1 iMP CEC-1  Square 7lange Receptacle Z 1,55 ITT-RAE

206803-] AMP CPC-1  Seeling Cap with Flastic Strap 2 2,04 ITT-RAE
§6105-2 AMP CBC-1  Scckef Contact, Tin 8 §.23 TITT-RAE '
1-640362-3 AME 26 Pin Machine Contact IC Socket for FRO¥ 1 0.28 ITT-RAE

T-2002 ¥aldom 12-16 Gauge Ring T:rmlnn; for Shielding 1 0,10 ITT-RAZ

Wire, #6 Hole Size {Top Housing)
T-2021 Waldom 12-16 Gauge Ring Terrinal for Shielding 1 0.1C 1ITT-RAE
Wire, #F Hele Size {Boiton Housing) ;

§5-1147 Waldom Female 0.187" Faston Terminals for Bat 2 0.10" ITT-RAE

General
LM1625% Sharp 2 % 16 character LCD, wide temperature 1 19,50 Future

or GMD15202  Stanley  {Sharp is prefered)

or 3852-09-032 IER

or EA-D1E6D25AR EPSON

14454 Brady 2 % 3 menbrane kevhoa.u, 3/4" centers 1 13,98 1ITT-RAE

33122008 Rose Polycarbonate Enclosure 1 19,12 Memco
10052251-00  Rose et of 4 rubber feet 1 3,60 Memco

Fron: Label  Sytek See Spec Sheet 1 8,00 Sytek

1T lakel Sytek See Snec Sheet 1 0.70 §ytsk

PR Sterling 2 Laver Printed Circuit Board 1 17.65 Sterling Circtits
1143 Silicen ATV §ilicen Sealant Tube 0.1 15.00 1In Stock

KE-4E5Y ¥iller- Milshield Conductive Coating Spray Cen  02.25  16.00 Miller-Stephenssn

Stephensan
L2 4G Chemicals Conformal Ceating Spray Can 0.25 In Stock
Wi-24-T Watt-Fearsen Tvpe 7 Thermecouple Wire, 24 gauge 50ft 020 watt

Page 3
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g3l Belder 7 Gangs 3irended Hoon-Up Wire: Grey 145"  4.01 ITT-BAS
Yellew 5.0  @.31 ITT-RAE
Red 3.0 2,01 ITT-RAE
Elack 85" 0.91 I77-32E
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$-40 Hex Nit far above ig
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= Tlat #asher, Elac\ 2
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e Spe~ ficaticn Drawing

F-T3EKEC 43

packaging Materials

MECE1Z
J10202
Custom
Justonm

HETHES!

ey rEl

= e O
L
<«
™

e

) =

ea tn
ot

oy B
=
<
et

. Suonge

Rroessories

— sy e
C06429-1 AMP (30-0
28032-1 kl? £ZC-1
6103-5 iN2 rar-”
£103-¢  EFB £3¢
220030 ATEEC0

The above p

ert3 are regulr Ei tn, &h&

pinum Battery Strap, 0,0407
S_cc1f1;at13n Drawing

B0zrd Ceptive Fress Nuts

€0 e s ormom

" g 1I%, Metallized

- sze 14

{22l Clano

=ik Ceatact, Tin

€7, 3%0pA AC/DC Wall Rdaptor

LRI SN

:

Lo ]
—e

1

1

) A-T

ITT-PAE
TTT-BAE
Instabox
Soonge
pffize ‘phot

ocopy & bind




Model 4101 Concrete Maturity Meter Assembly, Test and Calibration
[Revision Level 2.0] 16 Aug 1989

Introduction

Full ESD protection must be provided at all times during assembly and
testing. This includes the use of wrist straps, mats and proper
handling and storage containers.

To assist in the Assembly and Quality Control of the Model 4101
Concrete Maturity Meter, a sample of a working meter should be
partially disassembled and made available for reference.

Printed Circuit Board Assembly
Obtain a copy of the parts placement drawing bhefore starting.
1. Mask off holes fcr the following components:
- PCE standoff holes (4)
- LCD mounting holes (4)
- Bl pads
- LCD1
- All 3 Thermocouple inputs
~ 25
= P2 B3
- one pad of R53 (install this component but leave one
lead straight for later test’ and assembly)
* QA all boards for correct masking before stuffing.

2. Stuff all components (except those listed above) into PCB while
taking note of polarity sensitive devices. Ul0 is a 28 pin socket.

* QA all boards for correct component lead forming, placement,
position etc. before wave soldering.

3. Wave solder boards. Wash and Dry.
4, Perform any required rework to seat floated components, etc.

5. Press in the 4 captive nuts (this may have to he done before the
PCB is stuffed).

6. Serialize the board.



Model 4101 Concrete Maturity Meter Assembly, Test and Calibration
[Revision Level 2.0] 16 Aug 1989

7. Hand stuff the following components:

LCD1 connector flex strip
U25 (solder side mounting)
P2 " 1" "

Pq n n n

® @A all  boards for proper soldering and general assembly
workmanship at this point.

8. Solder Bl to solder side of the board and then immediately apply a
6V source to the PCE via a test cable to P3. Remove 6V source and
then measure veoltage across Ul3 pins 14 and 28. Rezmove Bl if voltage
is less than 3.5 volts and note problem on travel card. Send board to
the repair center (see "Eattery/Charge Port Wiring Details'" for P23
pinout).

G. Solder LCD module onto 14 contact flex strip. Do not mount to PCB
with hardware at this point.

Printed Circuit Board Testing

1. Insert the Production Test Program Eprom into socket U10. This
program tests the hardware coperation of the PCE. The messages are sent
to both the serial port (P2) and the LCD. Use the travel card to note
any problems encountered during this test. If any portion of the test
fails, send PCE to the repair center.

2. The watchdog timer must Dbe disabled during the initial stages of
testing. This is accomplished by ensuring that one side of R53 is
disconnected. (Note: After testing is completed, finish soldering R53
onto PCB).

3. Plug in a spare membrane keyboard into connector P1.

4, Connect a terminal to P2 using a est cable. Set baud rate to
3600.

5. Insert 6V bhattery or attach leads from a 6V power supply via P3
Test Plug {circuit damage will result if applied voltage is greater
than 8.5 volts).

6. Press any key on the lower row of the keyboard to turn unit on.
Adjust display contrast using RP1. Look at terminal if no activity is
present on the LCD.



Model 4101 Concrete Maturity Meter Assembly, Test and cCalibration
[Revision Level 2.0] 16 Aug 1989

B description of the test software follows:

Initial Power Up

1. Memecry locations are checked to see if previously stored test
pattern  data is intact. If data is present, program jumps to Backup
Memory Test, othierwise the message "Eackup RAM FAIL" appears. This is
a normal message during Initial Power Up.

LCD Testing

1. Display is written to and status data is r=ad back.
Serial Port

1. Characterse are sent to the terminal. These characters must be typed
in correctly or this test will fail.

2. If both LCD and serial port tests fail then '00' and 'FF' values

are alternately sent to the D/A (slowly). This causes a square wave
output waveform on Ul7/ pin 1 which is for debug purposes only
(indicates proper processor operation).

RAM Memory Testing

1. All RAM memory locations are tested.

EPROM Testing

1. Test patterns located in the EPROM memory are examined.

CLOCEK Testing

. The Clock (U14) is programmed for normal operation.
Programmed values are read back and verified.
Time increment (seconds) is checked.

W ry =

D/A Ramp output

1. A saw footh waveform 1is output on Ul7/ pin 1 for 5 seconds for
debug purcoses only.



Model 4101 Concrete Maturity Meter Assembly, Test and Calibration
[Revision Level 2.0] 16 Aug 1989
Keyboard

1. Values are read from kevboard in a defined order.

Battery Voltages

1. Bach battery voltage is read and displaved. If the voltage is out
of range, a failure message is displayed.

Memory Backup

1. Test patterns are written to RAM and CLOCK.

2. The power is turned off.

3. Turn power back on by pressing a key on the lower row of the
membrane keylkoard.

4. If memory is intact then the test will continue from here.

Temperature Measursment

1. Use a wire to short out the PCB pads fcr TC input #1.

2. The temperature value is measured and displayed. If the measured
temperature is out of range, a failure message is displayed.

3. Repeat for channels 2, 3 and 4

wWatchdog timer

1. A message is displayed requesting the replacement of the watchdog
jumper (R53). Press the Regsistor back in place and press ENTER on the
membrane keyboard.

2. The meter should turn off in less than 2 seconds.

Printed Circuit Board Repair

Obtain copies of the schematics and a functional meter before
starting. Visually inspect the board for clean solder joints, shorts,
opens, correct component placement and polarities etc. before
starting. Use the Production Test Software and disable the watchdog
timer.

if the meter failed one of the software tests debug the associated
circuitry. If there is no meter operation check the following:



Model 4101 Concrete Maturity Meter Assembly, Test and Calibration
[Revision Level 2.0] 16 Aug 1989

1. Power up the meter. Disable the prccessor auto power off circuitry
by installing a shorting bleck at JP1. Check all power supply lines
for proper voltage levels.

2. Look at processor ALE, RD, WR and oscillator pins for proper
operation. Check reset signal for proper operation {enabling the
watchdog will reset the processcor every 1.6 seconds).

3. Look for debug waveforms on U17/ pin 1.

Enclosure Assembly

1. Mask off outside of enclosure Top and Bottom Housings and LCD
window area as noted in the Model 4101 Top Cover Machining Detail
Drawing. Spray the inside surfaces with an even coating of the
Metalized EMI spray. Let dry thoroughly. Mask off the Bottom Housing
internial bosses and the Top Housing #6 screw mounting hole area and
apply a complete coating of conformal spray. Remove all masking and
then let dry thoroughly.

2. Machine enclosure Top and Bottom housings as per the Model 4101
Machining Detail Drawings.

3. Mount panel jacks (RMJ-T-S).
4. cut thermocouple (TC) wires to 5" lengths and strip both ends.

5. Attach TC wires to the panel jack screw terminals while taking
note of the polarity of the wires. ‘

6. Prepare the Com Port and Charging Port Wire/Connector Assemblies
as per "Model 4101 Com Port Wiring Details" and "Model 4101 Charging
Port Wiring Details" Diagrams.

7. Mount the Com Port and Charging Port Connectors using the black
flat head #4-40 x 1/2 screws, star washers and nuts with the Sealing
cap strap being attached by the bottom right Black Pan Head $4-40° X
5/8" gcrew and flat washer (use the bottom left screw for the charging
port).

8. Seal TC screw terminals, "socket tunnels" on the panel jacks and
botlh of the Ports with silicone =3145. Use additional silicone
cealant on the connector/enclosure interfaces to provide a watertight
barrier.

9. Push or Tap the custom Brass standoffs into place after dispensing
a small drop of Loctite Black Max adhiesive in each plastic boss.



Model 4101 Concrete Maturity Meter Assembly, Test and Calibration
[Revision Level 2.0] 16 Aug 1989

10. Attach the 6 Volt Panasonic Battery with Silicon 3145. Immediately
install the battery strap using £4-40 Flat Head screws through the
bottom of the enclosure. These mounting heoles must be sealed to retain
a water tight barrier.

11. Attach the =8 sghield wire ring terminal to the Bottom Housing
top right internal plastic boss using a #8-32 xx  1/4" screw and star
washer.

12. Attach the #6 shield wire ring terminal te the Top Housing using
the flat head %6-32 x 1/2" screw, star washer and 2 nuts.

13. Attach the Black and Red quick dis-connect leads from the Battery
Charcge Port Assembly to the battery terminals (note correct polarity).

14. Attach the membrane keyboard and Top Label to the Top Housing.

Meter Final Assembly

1. Insert latest software EPROM into the Ul0 PCE socket and then
mount display using #2-56 hardware and standoffs.

2. Solder on TC wires from the solder side of the board with the
silver wires going to the common center holes. Position PCB onto
Standoffs. '

3. Plug Com Port and Charge Port cables into P2 and P3 connectors.
Mount the PCB on the standoffs wusing £#6-32 x 1/2" screws and star
wahers. ’

4, Connect membrane keyboard connector to P1 and replace Top Cover.
Turn on/off meter to check for proper operation.

5. Attach ID label to the Bottom Housing.

Meter Calibration

2 temperature baths are required for this calibration. One bath is to

he at 0°C (ice bath) and the other is to be at 30 to 40°C. The "hot"
bath must he at a known temperature. Eoth baths are to have
thermometers accurate to within 0.5°C installed. The containers should
be well insulated. Cccasionally check the "ice" bath for proper
temperature. Each bath is to have 4 TC sensor cables available for
connection to the meters being calibrated. Do not handle the circuit
boards for 5 minutes before this test is conducted.

1. Connect the "ice" bhath sensors to the meter.
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2. Power up the meter. Trim the RP2 - RP5 potentiometers (channel 1
to 4) for 0.000 volts at the following points:

Channel 1 U188/ pin 13

2 14
3 15
4 12

Use U18/pin 8 as the ground reference point for all measurements. Make
the alove measurements as quickly as possible to avoid component self
heating effects (which will cause the voltages to drift). If the
voltage is out of range, check the TC wires for proper mounting
polarities. Turn the meter power off as soon as these trims have been
made.

3. Turn the meter power on. Go to the setup menu and select the
Memory Initialization mode. O©Once the memory has Dheen cleared, select
the calibration mode. Follow the display prompts. When the "hot" bath
is requested, disconnect the "ice" bath sensors and connect the "hot"
bath sensors to the meter. Carefully read the "hot" bath temperature
and enter into the meter when requested.

4. After the calibration is complete, check the displayed temperature
oni all channele in the "hot" and "ice" baths. Reading should be within
1 degree of actual temperatures. If there is a problem, repeat the
above procedure. ‘

5. Apply a small amount of Silicone sealant to the tops of the
potentiometers.

5. Alsc set the time and date and adjust the LCD contrast.

Packaging

The meters are to be shipped with the following accessories:

4310 foot TC sensors

[soldered and plastic coated on one end, attached to
TC plugs (SMP-T-M) on the other end]

1 spare TC plug

Users Guide

warranty Policy/Service Information Card



Model 4101 Concrete Maturity Meter

[Revision Level 2.0]

Travel Card

The travel card should

1

following information:

Software Test (P

meter serial number
board revision level
date

technicians initials

ass/Fail):

system failure
display

serial port
RAM

EPROM

Clock

D/A

Keyboard
Batteries
Memory Backup
Temperature Measurements
Watchdog Timer

Final Assembly Test:

+ Repair Center

memory initialization
calibration

display contrast adjust
set date and time

Comments

pe produced on

cardboard

Assembly, Test and Calibration

16 Aug 1989

stock with the
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