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CHAPTERS5
SYSTEM TROUBLESHOOTING AND CALIBRATION

5.0 SYSTEM TROUBLESHOOTING AND
CALIBRATION

55l INTRODUCTION

< In its simplest form, a weighing system
consists of a load sensing device to measure
a force, and a read-out device to interpret and
display a force, However, in actuality, the
makings of a weighing system are much more
complex, The accuracy of a weighing system
is dependent upon more than just the load
sensing device and the read-out, The accuracy
of a weighing system is dependent upon such
system factors as the scale mechanical struc-
ture, surrounding structure, physical-restraint
devices, and environment,

5,2 MECHANICAL STRUCTURE

The mechanical structure of a scale and
the surrounding structure must be designed so
that it applies the weight to the load sensing de-
vice without encountering physical impedances.
For example, a scale platform must not de-
flect or sag under applied load so much that
it comes into contact with sub-structures. Pre-
cautions, such as flexible rubber or canvas
dust boots, must be taken to prevent build~-up
of dirt or refuse under a scale which can im-
pede scale performance, Tilting or vibrat-
ing of the scale structure caused by weak
supports, and/or nearby traffic can also dete-
riorate performance.

5.3 PHYSICAL RESTRAINTS

Physical restraint devices, such as stay
rods that prevent a scale from sliding off load
cells must not inhibit vertical deflection of the
scale. Lateral restraint devices that are not
installed truly horizontal, or that are exces-
sively pre-tensioned can inhibit vertical de-
flection of a scale, deteriorating the scale's
performance and accuracy,

5o 2 ENVIRONMENT

The environment also plays an impor-
tant role in the performance of weighing sys-
tems. Temperature variations can cause ex=
pansion and contraction of the scale structure
or physical restraint devices, Corrosion
caused by chemical atmospheres or high hu-
midity can restrict scale deflection, Elec-
trical connections and electronic circuitry
must also be protected from corrosive atmos-
pheres.

5,5 VISUAL INSPECTION

Prior to calibrating or troubleshooting
a weighing system, a thorough visual inspec-
tion is absolutely essential. Locating mech=
anical restrictions and defects early can save
countless hours of troubleshooting and re-cal-
ibrating weighing systems. In support of this
philosophy to precede all scale maintenance
with a visual inspection, the following examples
are presented:

EXAMPLE #1

A major fiberglass manufacturer installed
some scales at the output of a glass making
furnace, Glass coming from the furnace was
formed into small balls, similar to a

marble for ease of transport, Wooden tubs
were placed upon the platform scales and
filled with glass balls. Diverter gates were
automatically shifted when a tub was filled to
a pre-determined weight, After several
months of operation, the customer complained
that the diverter gate failed to operate, over-
loading the wooden tub and covering the floor
of the factory with glass marbles, creating a
dangerous situation for employees. Visual
inspection of the weighing system revealed

a build-up of glass under the platform, As
the platform deflected with weight, the under-
side came in contact with the build-up, pre-
venting further scale deflection, The scale
failed to show any further weight increase, so
it never reached the trip point, The solution
was to clean out the area under the platform
scales and install a very soft, flexible rubber
skirt around the platform preventing any
future build-up.

EXAMPLE #2

A chemical manufacturer stated that a
tank-weighing system suddenly began giving
inaccurate weight readings., The weighing
system indicator only registered about 75% of
the weight of a full tank, Visual inspection
revealed that a steel ladder had been welded
to the side of the tank; the feet of the ladder
were bolted to the floor. The ladder was
supporting a portion of the weight that should
have been supported by the load cells under
the tank, The solution was to cut off the feet
of the ladder, as it was rigidly welded to the
tank, and inform the customer not to attempt
to weigh anything with someone on the ladder,

5-1
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TABLE 5,1

EFFECT-TO-CAUSE REASONING

10-STEP PROCEDURE

DETERMINE THE COMPLAINT
Question the customer.

2, CONFIRM THE COMPLAINT
By checking performance,
34 EFFECT-TO-CAUSE REASONING
Try to figure the cause logically by observing
the indication and go directly to the section,
stage or part if possible. If not, follow the
remaining steps,
4, INSPECT FOR SURFACE DEFECTS
Use your senses; sight, sound, touch and smell.,
Be ISOLATE THE DEFECTIVE SECTION
By professional technique,
6. ISOLATE THE DEFECTIVE STAGE
By professional technique,
7o ISOLATE THE DEFECTIVE CIRCUIT
By professional technique.
8. ISOLATE THE DEFECTIVE PART
By professional technique,
9. DEFECTIVE PART
Repair or replace,
10, PERFORMANCE
Check,




L0
o{—10

Figure 5.1, Preferred Component Layout

Wires and leads should not be con-
nected to terminal posts or lugs by overlapping
other wires and leads., Figure 5,2 shows ac-
ceptable practices.

ACCEPTABLE

%’I\

ACCEPTABLE

NOT ACCEPTABLE

NOT ACCEPTABLE

Figure 5.2. Terminal and Lug Wiring

5.28 READABILITY OF COMPONENT
MARKINGS

Component parts are to be installed so
that color coding, part identification marks, or
inspecting marks are visible, as far as pos-
sible. Components should also be installed
in such a manner that will not obscure mark-
ings or printed circuit boards, component
boards, chassis, etc., consistent with good
installation practices. See Figure 5.3 for
preferred methods.

=l =
= J=—

=Ml =
1=

PREFERRED NOT PREFERRED
IDENTIFYING MARKINGS (NOT CAUSE FOR REJECTION)
READ FROM ONE DIRECTION IDENTIFYING \MARKINGS REVERSED
® O @ ® O @
= =3 F=—— =0
o @ O O @ O
= o
— e =3 <—x =
QO @ O ®@ O @
PREFERRED NOT PREFERRED

CODE RIGHT SIDE UP

(NOT CAUSE FOR REJECTION)
READS LEFT TO RIGHT

CODE UPSIDE DOWN AND REVERSED

< T
- ___+

AVOID IF POSSIBLE
(NOT CAUSE FOR REJECTION)
MARKINGS OBSCURED

CR-\

PREFERRED
MARKINGS VISIBLE

Figure 5.3, Layout for Readability
5.29 LEAD FORMING

Part lead forming should not stress the
part body nor strain the lead-to-body connec-
tion, Leads should be formed as indicated in
Figure 5,4, All leads should be formed using
appropriate tools or by an automatic lead
forming device approved for the application
using a suitable holding mechanism to hold
the lead firmly while bending is performed.

The minimum inner bend radius for a
component part lead should not be less than
the lead diameter as shown in Figure 5, 4a.
The working of a component part lead should
begin no closer that 1/16 inch from the body
seal or weld. See Figure 5.4b. Under no
circumstances should the lead be bent or the
part physically stretched in a soldered condi-
tion.

When using slotted terrninals, the lead
should be inserted as shown in Figure 5,4c, In
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SINGLE-SIDED, DOUBLE-SECTION
3 WIRES PER SECTION

MAXIMUM PERMITTED
TOTAL: 6 WIRES

I 4
SINGLE-SIDED, SINGLE-SECTION
3 WIRES MAXIMUM PERMITTED
NOTE: CONFIGURATION SHOWN IS TO BE CONSIDERED A SINGLE

SECTION TERMINAL. NO MORE THAN 1 WIRE PER
INDENTATION PERMITTED.

SLOTTED (BIFURCATED) TERMINAL
3 WIRES PER TERMINAL,
MAXIMUM PERMITTED

Figure 5.5 Wires/Leads per Terminal

5-10

5,31 COMPONENT PART MOUNTING AND
SUPPORT

Component parts require careful handl-
ing to prevent damage. They should not be
jarred nor subjected to strain through the con-
necting leads during installation. Either dis-
place the component from the centerline of the
terminal or mount diagonally, as shown in
Figure 5, 6a,

Component parts to be supported should
be mounted close to the board before applying
adhesive. When parts are to be covered with
conformal coating, the other parts should rest
on or be close to the board as shown in
Figure 5, 6b,

o)

DISPLACED FROM CENTERLINE

R =5

MOUNTED DIAGONALLY

PROVIDE STRESS RELIEF

ADHESIVE

b,
Figure 5,6 Component Mounting and Support
5.32 WIRE PREPARATION
5.33 STRIPPING

Insulation should be stripped from the
wire or leads with thermal or other approved
stripping tools. Care must be taken to avoid
nicking or damaging the wire or remaining
insulation, The number of damaged strands
in a single lead should not be more than indi-
cated in Table 5.2, Slight discoloration of
the insulation from using thermal stripping
techniques is acceptable.



MAXIMUM ALLOWABLE

NO, OF STRANDS DAMAGED STRANDS

LESS THAN 7

7=15

16-18

19-25

26-36

37-40

41 OR MORE

Ui jw (v

Table 5.2, Wire Damage Limits

5,34  TINNING

All wire should be carefully tinned be-
fore wiring and/or soldering, except for #12
gage or larger and solderless terminal con-
nections,

5.35 TWISTED PAIR WIRE

The number of twists in 16 to 24 size
wire should not be less than 6 nor more than
15 per foot.

5,36 LUGGING

Crimping of solderless terminal lugs
should be done so that the connection will meet
the tensile strength requirements established
on a sample basis made on terminals crimped
at the same time as the equipment terminals
are clamped. The solderless insulated ter-
minal should be applied so that the insulation
bottoms inside the terminal and the conductor
projects through the terminal and is visible
to a maximum of 1/16 inch, Tinning is not
necessary. The terminal should be crimped
over the lead insulation and conductor so that
no motion or looseness exists between the
terminal and conductor. See Figure 5. 7a.

CAUTION

No insulation should exist in the
inner conductor crimp area of
the lug,

Assemble solderless uninsulated
terminals with conductor and insulation clamp-
ing tabs so that the insulation stops about half-
way between the two tabs as shown in Figure
5, Tb. Clamp one set of tabs to the insulation
and the other set to the conductor so that no
motion or looseness exists between terminal
and conductor,

WIRE STRANDS TO BE VISIBLE UP
TO A MAXIMUM OF 1/16 INCH

WIRE STRANDS TO BE VISIBLE UP
TO A MAXIMUM OF 1/16 INCH

Figure 5,7, Using Solderless Terminal Lugs
5.37 SPLICING

Wires in a continuous run between two
terminals should not be spliced,

5.38 IDENTIFICATION REQUIREMENTS

Engineering drawings should specify
and identify characters to be applied, the
location, size, color, and applicable marking
process, The actual identification characters
that are applied should show evidence of good
workmanship,

5,39 READABILITY OF WIRE MARKINGS

When specified, wire markings should
be placed on conductors so as to permit the
identifying characters to be readable. When-
ever possible, cabling should be routed so as to
not cover the markings on the chassis or
components, See Figure 5, 8,

5,40 LACING

Wire bundles should be laced using
methods shown in Figure 5,9a., Lacing
terminating knots should be heat sealed to
prevent untying or unraveling, Lacing mat-
erial should be flat braided nylon tape, Lac-
ing should be tight enough to prevent slippage



AVOID WHERE POSSIBLE
MARKINGS OBSCURED

OUTPUT JACK

PREFERRED
MARKINGS VISIBLE

Figure 5.8. Readability of Markings

of the harness but not tight enough to cut the
insulation. See Figure 5, 9b,

When there is no longer any need for
a conductor wire which forms a part of a harn-
ess, both ends of the wire should be clipped
off even with the insulation (no bare copper
wire permitted), folded back into the harness
and secured, See Figure 5.9c.

5. 41 SERVICE LOOPS

All harness wires to and from clectronic
component parts should have service loops ex-
cept solid wire jumpers and stranded strapping
wire or cable and connector assemblies, Single
leads should not extend unsupported for more
than six inches as shown in Figure 5,10a,
Figure 5,10b through g show suggested methods
of service loops or applicable wiring., Clamps,
when used, should hold the cable or harness
tightly enough to prevent movement within the
clamps without damaging insulation of the
clamped wire. Care should be taken so that
harness wiring does not come into contact with
heat generating parts.

Wire connecting two structural mem-
bers that are capable of movement relative to
each other should be securely clamped to each
member with sufficient slack between to pre=
vent mechanical strain,
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CLOVE HITCH

e wil

CLOVE HITCH WITH DOUBLE KNOT

START SHOWN LOOSE CONTINUOUS RUNNING STITCH

12-INCH SEPARATE PIECE OR LACING CORD

a,

PROPERLY TIED BUNDLE
‘E]H
€ E =
LACING TIED TOO TIGHTLY
b.

UNUSED WIRE CUT AT TERMINATION. TRIM
EXCESS WIRE, FOLD BACK INTO HARNESS AND SECURE.

Figure 5,9, Lacing Techniques



PROVIDE SINGLE TIE
AT MINOR BREAKOUT

SINGLE LEAD

o L?\\\ i RRRmBRenY
o IN
CONFINED
AREAS
o

ezt W\ NOTE: PROVIDE SUFFICIENT SLACK FOR

REPAIRS
d. e,

TUBE SOCKET
SLEEVING MAY BE USED IN
THIS APPLICATION BUT
IS NOT SHOWN

PLAN VIEW OF .
TUBE SOCKET

Figure 5.10. Service Loops
5,42 SOLDERING

5.43 CLEANING

Lead, wires, and surfaces should be
clean before tinning or soldering, Oxides,
scale, and dirt should be cleaned from
surfaces to be soldered by scraping and cut-
ting with an abrasive or by chemicals,

5.44  TINNING

Wire should be carefully tinned before
wiring and soldering, Wires should be tinned

f, ge

only far enough on the wire to take full ad-
vantage of the terminal or receptacle., Wires
to be soldered should be twisted with lay and
tinned, Avoid burning insulation during sold-
ering,

5, 45 FLUX AND CLEANING AGENTS

Use an approved non=-corrosive flux,
Remove flux residue from surfaces of elec-
trical contacts or other surfaces where the
flux may interfere with the operation of the
components, Ultrasonic cleaning may be
used on printed circuit boards prior to
assembling any components other than ter-
minals or lugs,

5.46 SOLDERING TO TERMINALS

5,47 TURRET TERMINALS

Wire wraps or leads to be soldered to
a turret terminal around the terminal a mi-
nimum of 1/2 turn to a maximum of one full
turn without lead extension or crossover,
See Figure 5-1la,

1/2 TURN MINIMUM

@=

FULI TURN MAXIMUM

LEAD EXTENSION LEAD CROSSOVER
NOT PERMITTED NOT PERMITTED
(sanszmowenm

(DIMENSION FROM TERMINAL EDGE, NOT SOLDER)

T a

= 3

§ g

~—= Le— STRIP GAP

Figure 5,11, Soldering to Turret Terminals
5,48 SLOTTED TERMINALS (BIFURCATED)

Solder a wire or lead to slotted ter-
minals using any of the following methods as
indicated by the terminal design.



a. Bottom Route, Terminate wire or lead
with a 90-degree bend around post, in contact

with terminal bare and no lead extension. Al
ternate method is also shown in Figure 5.12a,

LEAD EXTENSION
NOT PERMITTED

a, Bottom Route

MINIMUM WRAP %RP GAP

LEAD CROSSOVER
NOT PERMITTED
MAXIMUM
WRAP

b. Side Route

STRIP GAP

WIRE BENT
L~ INTO *U*”
SHAPE

c. Top Route

Figure 5,12, Soldering to Slotted Terminals

b. Side Route, Wire or lead enters per-
pendicular with 90-degree bend around post; is
in contact with two surfaces of the terminal,
Alternate method also shown in Figure 5.12b,
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Sy Top Route, Wire or lead enters mount-
ing slot parallel to axis of the terminal. See
Figure 5.12c for alternate methods.

5,49 HOOK AND PIERCED TERMINALS

Solder wires or leads to hook and
pierced terminals as shown in Figure 5,13,
When more than one lead is terminated at a
common terminal, secure alternately from
opposite sides of the terminal,

5.50 CUP TERMINALS

Bottom wires and leads in cup ter=-
minal before soldering, All wire strands
should be within the cup, See Figure 5,14,

5.51l. FEED-THRU TERMINALS

Wires and leads should protrude a mi-
minum of 1/16 inch to a maximum of 1/8 inch
before soldering as shown in Figure 5,15,

5.52 STRIP GAP

The maximum exposed conductor, re-
ferred to as strip gap in the illustrations on
the following page, should be 1/16 inch or the
outer diameter of the insulation, whichever is
greater. There should always be some visible
clearance. See Figure 5,16,

5,53 STRESS RELIEF FOR MOUNTED
LEADS

Provide stress relief as shown in

Figure 5,17 for all leads,

5.54 TERMINATING LARGE DIAMETER
WIRE

When a relatively large diameter wire is
terminated at a pierced terminal with thin cross
section, bend the wire back upon itself in a
hook. If the pierced terminal is too small wrap
the wire around the terminal as shown in Fig-
ure 5,18 without crossing over.

5.55 GENERAL SOLDERING PRACTICES

a. MECHANICAL FASTENERS, Screws,
bolts, nuts, rivets, etc., should not be soldered
unless specified,

b. HEATING, All areas of joint to be
soldered should be at or above flow temperature



STRIP
GAP

1/2 TURN MINIMUM ~ FULL TURN MAXIMUM
MAXIM WIRE OR LEAD BOTTOMED ALL STRANDS WITHIN CUP

IN CUP PREFERRED ACCEPTABLE

Figure 5.14. Soldering to Cup Terminals

LEAD EXTENSION
NOT PERMITTED

LEAD CROSSOVER
NOT PERMITTED STRIP GAP 3
1/16” MINIMUM
{ 1/8” MAXIMUM
STRIP I
GAP | WIRE OR LEAD PROTRUDES
ACCEPTABLE
r Figure 5,15, Soldering to Feed=thru Terminals

] [——— STRIP GAP

1/2 TURN MINIMUM FULL TURN MAXIMUM —j&

T J

-

Figure 5.16. Strip Gap

LEAD EXTENSION
NOT PERMITTED

LEAD CROSSOVER
NOT PERMITTED

Figure 5,13, Soldering to Hook and Pierced
Terminals



STRESS RELIEF

ACCEPTABLE m

6 —d

N e e e e Sl

STRESS RELIEF

ACCEPTABLE

Figure 5,17, Stress Relief

BENT INTO
SHAPE OF HOOK

1/2 TURN MINIMUM  FULL TURN MAXIMUM

Figure 5,18,

Terminating Large Diameter
Wire

of the solder so that solder melts on the part,
Solder should be applied directly to the joint
not the soldering iron,

C, SOLDERING IRON, Selecta soldering
iron that will provide heat to produce a good
joint without overheating, Hold heating time to

a minimum to
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prevent damage to component,

d. MINIATURE CONNECTORS, Special
care is necessary when soldering to miniature
connectors so that insulation is not softened or
damaged. Remove excess flux from connector.

e. HEAT SINKS, Use suitable heat
dissipating clamps or devices when hand sold-
ering to leads or components with critical heat
tolerance, i, e., transistors, diodes, precision
resistors, etc, Heat sinks are not necessary
when soldering under a controlled time cycle
approved for the application.

£, HANDLING, Do not disturb joint until
solder has solidified, Do not use liquid to cool
a solder joint,

g. ACCEPTABLE JOINTS, Solder joints
must be clean, shiny, and smooth. The out=
line of the wire and terminal should be evident,
The wire and terminal should be covered with
solder as the joint and the solder should be
bonded to the metals being joined. Use only

a small amount of solder, well sweated into
the joint, to cover and bond the wire to the
terminal feathered to a thin edge indicating
proper flowing and wetting, Excess wire
should be cut off and insulation dressed back
from the terminal, In the case of a small
wire in a large terminal wire, it is not neces-
sary to cover the entire hole with solder, Use
only enough for a well-bonded connection,

h, SOLDER, Solder to be used should be
tin/lead, rosin-flux core as specified on en-
gineering drawings.,

is WICKING, There should be no excessive
wicking of solder back along the wire under the
insulation, Wire strands must be discernible at
the insulation termination.

s UNACCEPTABLE SOLDER JOINTS,
Solder joints must not have the following de-
fects:

L. Cracks, separation, poor solder
flow due to improper heating or clean-
ing.

2, Frosty appearance, indicating
overheating or movement before
solidifying,

3. Flux inclusions and porosity
characteristics of a rosin joint,



4, Excessive, spattered, or solder

run down outside of terminal,

5, Insufficient solder,

6. Swelled or burned insulation.
Te Chipped, cracked, or swelled
insulators, :
8. Unlaying of stranded wire,

5,56 COMPONENT PART MOUNTING

Mount component parts so that all or
a part of the body of the component is close to
or in contact with the printed circuit board,
Insulated parts mounted over a conductor may
be in direct contact with the conductor other-
wise use a jacket for the component part or
place a pad of insulation material between
component and conductor or mount component
1/16 inch above the conductor,

When the design prevents contacts with
the board, the part should be mounted as shown

in Figure 5,19,
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Figure 5,19, Special Mounting Methods

5.57 SOLDERING PRINTED CIRCUIT
BOARDS

When soldering leads in plated-thru
holes on double-sided boards, a fillet should
be formed on both sides of the board. Solder
should cover 80% of the terminal area and 80%
of the component side, See Figure 5,20 for
acceptable soldering,

On funnel-flanged eyelet holes, a solder
fillet should be formed on both sides of the
board under the flange, Solder should cover

FOR RIBBON LEADS ONLY

80% SOLDER COVERAGE
ON CIRCUITRY SIDE

ACCEPTABLE

BEND RADIUS BRIDGED BY SOLDER

VOIDS PERMISSIBLE

ACCEPTABLE

BRIDGING TO BE KEPT TO A MINIMUM
Figure 5,20, Soldering Plated-Thru Holes

80% of the area on both sides, See Figure
5.21, Solder that bridges across the bend
radius of a lead is not acceptable.

INSUFFICIENT
SOLDER

ACCEPTABLE NOT ACCEPTABLE

Figure 5,21, Soldering to Eyelet Holes

When soldering funnel-flanged stand-
off terminals, a solder fillet should be formed
covering 80% on both sides of the board in-
cluding the funnel flange as shown in Figure
5022,
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Figure 5,22, Soldering Flanged Terminals

When soldering leads in an updated hole
on single-sided boards, a solder fillet should
be formed on the terminal: side covering 80%
of the terminal area including the lead as
shown in Figure 5.23, Where a flatpack rib-
bon lead is being soldered, a void is accep-
table between the lead and the wall of the hole.
The solder need not be drawn up the entire
length of the hole.

.—_7;

VOID PERMISSIBLE:

Figure 5,23, Soldering Unplated Holes

When using standoff terminals on single-
sided boards the solder fillet formed on the
circuit side should cover 80% of the terminal
area including terminal flanges as shown in
Figure 5, 24,

T
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Figure 5,24, Soldering Standoff Terminals

5,58 MECHANICAL ASSEMBLY

5,59 EYELETS AND STANDOFF
TERMINALS

Eyelets and standoff type terminals
should be mechanically secured to the printed
circuit board in such a manner that prevents
movement of the eyelet or terminal prior to
soldering when finger pressure is applied.
Eyelets and terminals should be secured with
funnel flanging with an included angle of 55 to
120 degrees, Radial splits in the flanges are
acceptable but circumferential splits or mis-
sing parts of the flanged end and splits of the
shank are not acceptable., Terminals must be
mounted in complete contact with the surface
of the board, See Figure 5,25,

CIRCUMFERENTIAL SPLIT
. RADIAL UNACCEPTABLE

SPLIT
ACCEPTABLE

FUNNEL FLANGED

Figure 5,25. Mechanical Assembly of
Eyelets and Terminals

5.60 CONNECTORS

Connectors are mechanically secured
to the mounting surface before soldering.

5. 61 QUALITY ASSURANCE

Inspection must be performed to assure
compliance with the requirements of engineer-
ing drawings and these standards,



