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Metal Injection Molded Connectors

The Land Warrior System (Figure 1-1) is a
computer, navigation, and communication

system worn by the combat soldier. It requires a
system of interconnection cables and electrical
connectors to interconnect the various line 
replaceable units (LRUs), such as the computer,
batteries, weapon, local area network radio, GPS,
weapons sights, and others (Figure 1-2). The system
has been deployed in Iraq and is now deployed in
Afghanistan with selected Stryker brigade combat
teams. The Land Warrior Ensemble (the hardware
and interconnections) enables the soldier to 
communicate, locate, and designate as friend or foe,
various entities on the battlefield, thus preventing
fratricide while increasing combat effectiveness.

The EMPF role has been to conduct research into
the potential for cost and weight reductions to the
system by improving the electrical connectors and
cable/connector assemblies in the Land Warrior
ensemble. This is being accomplished with the 
process shown in Figure 1-3. Some of these
improvements could potentially be applied to the
automated combat soldier called Future Force
Warrior (FFW) and Ground Soldier System (GSS).

The first of several improvements being considered
is metal injection molding (MIM) for the connector
shells. These are the parts of the connector that
house the connector pins or receptacles and are 
fabricated with rugged alignment keys and keyways.
The EMPF partners in the DACP include Glenair
(the connector fabricator for the existing connectors),
General Dynamics (the prime contractor for Land
Warrior), DuPont Titanium Products (a titanium
products fabricator), and Smith Metal Products (a
MIM fabricator).

Metal injection molding is a process that is used for
large volume, small, precision consumer items.
Just as for injection molded plastics fabrication, 
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Figure 1-1: Soldier Equipped with Land Warrior Ensemble.

continued on page 7

the MIM process for metals excels at low cost,
high volume manufacturing. Figure 1-3 shows a
schematic diagram of the MIM process.

In this process, the metal powder mixture is heated
and injected into a mold, where it cools and solidifies
into the shape of the desired part. Many MIM parts
do not require any draft (unlike plastic injection
molding) since the binder used releases more easily
from the mold. Also, the metal powder in the part
cools more slowly allowing the MIM part to 
continue to shrink after being ejected from the mold.
The mold cavities are designed approximately 20%
larger to account for part shrinkage. Metals 
commonly used for MIM parts include steel,
cobalt, copper, nickel, tungsten, and titanium alloys.

The final step is to remove the unwanted binder and
produce a high-density metal part. This sintering
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Ask the EMPF Helpline!

Lead-Free RoHS Compliance Screening

The EMPF Helpline fields a number of questions regarding lead-free
components and RoHS concerns. This directive specifies that each

component within an assembly must meet the specified maximum 
concentration limit of 1000 ppm, by weight.

The EMPF has the capability to quickly perform lead-free screening
using a non-destructive test method called X-Ray Fluorescence (XRF).
XRF is also advantageous in that it does not require sample preparation
and only minimal operator training. Since a component part number or
descriptor may not fully specify RoHS compliance, use of XRF can help
alleviate uncertainty. Figure 2-1 shows the XRF spectrum of a sample
component that contains an amount of lead which exceeds the RoHS
maximum concentration limit.

The customer’s assembly contained many components mounted to a 
circuit board. Using XRF, the EMPF determined that one of the 
components mounted to the board did in fact contain a SnPb finish and
was non-compliant with RoHS. Alead-free replacement for the specified
component was recommended. 

The EMPF also offers a comprehensive lead-free training seminar. This
training course provides an extensive overview of RoHS legislation and
discusses materials, manufacturing processes, and reliability differences
associated with lead-free soldering. Understanding the most recent
RoHS legislation is essential in remaining competitive in the high-
tech industry; likewise, misunderstanding or non-compliance of the
RoHS directive can potentially result in penalties and potential legal
consequences. Many considerations must be taken into account when
choosing the materials and manufacturing processes in order for an
assembly to be lead-free RoHS compliant. The EMPF training course
offers the necessary training for the student to become fully capable of
lead-free implementation in the design and manufacturing environments.

Figure 2-1: Sample XRF Spectrum Data Results

For more information on lead-free manufacturing or other classes available
at the EMPF, including IPC certifications, please contact the registrar at
610.362.1295, via email at registrar@empf.org, or on the web at
http://www.aciusa.org/courses. For a demonstration of the XRF, please
contact the EAB coordinator, Mike Prestoy at 610.362.1200, extension
241 or via email at mprestoy@aciusa.org.

A customer called the EMPF Helpline with a question regarding the screening of an assembled circuit board 
for Restriction of Hazardous Substances (RoHS) lead-free compliance.

Nick Fardella  | Packaging Engineer

IPC Revision E Training Available Now!
The new Revision E for both IPC J-STD-001 and IPC A-610 covers five
years of critical upgrades, changes and clarifications. Both revisions were
released in April 2010 and are covered in the training at ACI Technologies.
With the last update of the J-STD-001 performed in February 2005, there
are five years of significant changes to the standard.
Some of these changes are: 

• Clarification on acceptable damage for stranded wire
• Requirements for heat shrinkable soldering devices
• Specifications for BGA underfill requirements
• Expanded treatment of rework acceptability

The IPC A-610 is the most referenced electronic build standard in the world.
Like the J-STD-001, it has been revised to incorporate the critical require-
ments for the assembly of quality circuit boards. Revision E has 165 new
or updated illustrations, bringing the total illustrations to more than 800.
Some of the critical additions are:

• Expanded coverage for hot tear and lead free fillet lifting
• New trends and requirements in array technologies
• Enhanced package on package criteria

Contact the Registrar for scheduling by phone at 610.362.1295, via email
at registrar@empf.org or visit us online at www.aciusa.org/courses.

www.navymantech.com
www.aciusa.org
mailto:registrar@empf.org
www.aciusa.org/courses
www.aciusa.org/courses
mailto:registrar@empf.org
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Platings for Interconnections

continued on page 8

Types of Interconnects

Interconnection technology relies very heavily
on the ability of the conductors on a printed
wiring assembly to maintain reliable signal
integrity. Harsh environmental factors can
precipitate a loss of conductivity due to 
oxidation and corrosion. Connections are 
typically soldered or inserted using pressure
fitted connectors to obtain enough surface
contact to meet the electrical conductivity
requirements. In pressure contacts, surface
integrity is especially critical where the abrasive
effects of retraction and insertion can wear off
the metallic finish from the contact area. This
can expose the underlying copper or nickel
and lead to increased resistance at the contact
points. These types of conductors are frequently
found in card edge connectors where the 
terminations are plated with a layer of nickel
and gold (frequently referred to as gold fingers).
A hard gold is typically used containing very
small amounts of nickel and cobalt to increase
the wear resistance.

The Function of Surface Finish

The surface finish of an electronic 
interconnection is defined by its requirements
for solderability, corrosion resistance, contact
resistance, and wear resistance. The most 
popular surface finish for solderability is, of
course, tin-lead solder. However, this has 
drastically changed with the recently added
requirement of lead-free electronics.
Unfortunately, the alternative usually selected
is pure tin. A finish of pure tin electroplate or
immersion tin has the propensity for growing
tin whiskers over the product lifetime. Atypical
example of this is evidenced by the recent
Government-Industry Data Exchange Program
(GIDEP) alert issued by NASA. This involved
a commercial-off-the-shelf (COTS) connector
that was electroplated with pure tin in 2007
and already displaying tin whiskers at incoming
inspection at NASA in 2009. Another example
of this is shown in Figure 3-1.

Corrosion resistance has also been affected by
the European Union’s Reduction of Hazardous
Substances (RoHS) Law. Olive Drab Cadmium
(OD Cad) had been used for many years 

Contact resistance of a base metal can be 
significantly modified by electroplating, 
electroless plating, or immersion plating with
thin layers of various lower contact resistance
metals. For example, electroless plating of
copper or steel connectors with nickel, gold,
or palladium can drastically lower the contact
resistance of the connector pin or socket base
metal, and this can appreciably improve the
electrical performance of the connector. An
example of this was the plating of magnetic
electro-mechanical telephone switch contacts
with rhodium by the Bell System, resulting in
the lowest possible maintenance mechanical
switch for the telephone system. For higher
currents, silver is often electroplated on the
pins and/or sockets of electrical connectors for
its simultaneous low contact resistance and
good wear properties.

Finally, wear resistance in a connector will be
affected as much by the surface finish plating
as the base metal. The classical case of this 
is seen in connectors having steel pins and
sockets for low cost and high strength, but
then is plated with thin coats of gold, silver, or

nickel for good contact resistance and wear
properties. Circuit cards often have surface
conductors at the edge of the card (edge card
connectors) that are electroplated with a
cobalt-hardened gold electroplate for multiple
insertions into connectors in a backplane,
reducing the need for a separate connector
piece part to be soldered to the board. This
cobalt-gold plating is simultaneously low 
contact resistance, and high wear resistance
for this application.

Requirements of Connector Finishes

The specified requirements for connector
shell, pin, and socket surface finishes usually
center around four qualities of the surface 
finish. A hard gold finish is typically used for
connector applications subjected to insertion
pressures such as edge cards and connector
pins. In some cases softer gold may be used,
but this generally restricted to aluminum and
gold wirebonding applications. It should be
noted that the harder the gold, the less pure,
and the more susceptible the hardening agents
in the gold are to high temperature oxidation. 

There are three MIL SPEC (MIL G-45204)
categories of gold purity and four 
classifications of gold hardness. Additionally,
thickness requirements for both the underlying
nickel and gold will be a function of the 
specific application. Table 3-1 is a guideline
representative of good commercial practice.

Thickness is generally measured using X-ray
fluorescence (XRF), although it can also be
determined using a profilometer, requiring 
a step of plating immediately adjacent to 
non-plated area.

Hardness is usually determined using a 
diamond indenter and measured on the Knoop
scale in accordance to ASTM B 578. 

XRF can be used to distinguish alloy 
composition. It has become critical in the
identification of pure tin plating (which grows
whiskers) from tin-lead plating (which does
not grow whiskers). This is very critical to
some aerospace and defense (A&D) 
applications, since the two are visually identical,
and many vendors of electrical connectors do
not change their part numbers when they

as a superb salt-spray resistant coating for 
connectors, but has since been banned for all
but purely military applications by the
European Union’s RoHS law. In 2001, even
before RoHS, 1.3 million Sony Playstations
were blocked from sale in the Netherlands
since their electrical power connector had not
been changed from the cadmium plated version.

Figure 3-1: Pure tin plated connector pins displaying
many short circuits due to tin whisker growth.
Connector was approximately 10 years old. 

Photo courtesy of NASA.

www.navymantech.com
www.aciusa.org


4

J U L Y  2 0 1 0

Tech Tips: Cable Assemblies

The EMPF was recently involved with a project that required the
design of many interconnecting cables. This included external 

(box to box) cables as well as internal (board to board) cables. The
EMPF was tasked to design and document all cabling and build the
internal cabling, while another source constructed the external cables to
the EMPF specifications.

The design of the cabling required input from other areas of the project.
Electrical and environmental conditions had to be documented.
Electrical constraints are voltage and current of the conductors. Higher
currents require larger gauge wire in the cabling. The length of the cable
will also play a role in selecting the wire gauge because a longer wire
will have a larger voltage drop for any given gauge. Therefore, longer
cabling runs should have larger gauge wire to reduce the voltage drop
through the wires.

The environmental conditions play a role in defining the insulation type
of the wire as well as the cable. In our case, the insulation was defined
by the organization that contracted the project. For internal wiring on an
aircraft electronics box, the EMPF was required to use Teflon insulation.
Some factors that need to be considered when not defined by customer
requirements are temperature range, chemical resistance, and flame
retarding characteristics.

The next decision was the physical connector configuration; the shell
type and where to use pins and where to use sockets. The EMPF chose
military D-38999 series connectors (Figure 4-1) for all external cables
due to their reliability and environmental performance. These connectors
have many configurations for wire count and wire gauge, as well as 
multiple keying options. Keying options allow a single connector type to
be utilized for different cables without the risk of plugging a cable into the
wrong receptacle. The standard convention for using pins or sockets in an
interconnecting cable is based on the presence of voltage. Sockets should
be used wherever the connector normally has voltage while pins should be
used on the end where the connection will allow voltage into the cable.

When fabricating cable assemblies, there are a variety of specifications
that may be required to define the proper methods for the assembly and
routing of the cable assembly. The connector manufacturer has installation

continued on page 9

Figure 4-1: MIL-D-38999 Series III Connectors. Unit required signals to four identical boxes; decision was to color code the box location 
in order to reduce quantity of spares required. The connectors shown are bulkhead receptacles with socket contacts.

Figure 4-2: At top, bayonet box mount receptacle with socket contacts. Below, triple start box mount receptacle with pin contacts. 
Note the five keying slots on the inside edge of both receptacles.

requirements and the Wire Harness Manufactures Association (WHMA)
and the military have published guidelines for the fabrication and 
installation of cabling.

The IPC document IPC/WHMA-A-620 describes the fabrication and
inspection requirements for cable assemblies in the electronics industry.
Criteria are given for each of four levels of acceptance; Target (the ideal

4-24-1

www.navymantech.com
www.aciusa.org
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Manufacturer’s Corner: MPM of Speedline Technology

Figure 5-2: Circuit board flatness is assured by holding the boards by the edges 
without top clamps and using an automatic support pin for large boards.

Excellent stencil printing sets the foundation for a successful circuit 
board build. The performance capabilities of MPM brand’s

Momentum stencil printer from Speedline Technology addresses both
the current and future requirements of surface mount stencil printing
(Figure 5-1). The continuing
trend toward smaller 
components, shorter job
runs, and the necessity of
high throughput have driven
the design of the Momentum
stencil printer.

Smaller components require
exceptional attention to the
accurate alignment of stencil
to circuit board while shorter
job runs require faster
changeover and set-up
times. High production rates
translate to near zero down
time and high speed. The
small pads on the circuit
board require small apertures
on the stencil which are
more prone to solder paste
build-up. This build-up results in incomplete coverage of paste on the
circuit board pad. Removing this paste build-up must be performed 
automatically to assure high quality and production rates. These 
requirements are addressed by the Speedline Momentum. 

The automatic stencil printer is the first step in assembling surface mount
circuit boards. Circuit boards are automatically fed into the stencil printer
and precisely indexed under the stencil. Excellent alignment of the circuit
board pads under the stencil apertures is absolutely critical for transferring
the paste to the circuit board. Using a computerized vision system composed
of telemetric lenses and a high speed camera system, the Momentum’s
positioning motors can align the circuit board under the stencil to within
12.5 microns (.0005 inches) with a six-sigma repeatability (only 3.4 defects
per million attempts). 

Circuit board flatness is assured by holding the boards by the edges without
top clamps and using an automatic support pin for large boards (Figure 5-2).
This system assures quick and accurate product changeover.

The stencil apertures are perfectly sized to match the size of the pads on
the circuit board and must remain clean and unclogged during production.
Especially with fine pitch and micro ball grid arrays (BGAs), any build-up
of paste in an aperture restricts the transfer of paste through that stencil
and pad coverage becomes incomplete. An underside computer controlled
stencil wiping system uses a wet/dry approach to keep the stencil apertures
solder paste free. 

A real time inspection system confirms the quality and completeness of
solder paste coverage of the pad. The coverage details can be viewed on the
computer monitor and stored on a board by board basis. This information
can form the foundation for a statistical analysis of the process. 

The MPM Momentum from Speedline is successfully designed and 
constructed to satisfy the critical requirements for applying solder paste
to the circuit board. 

• A solid heavy weldment provides a stable platform 
for board alignment.

• High performance cameras and lens system provide images of fine
pitch pads that are processed by the pattern recognition system. 

• Direct drive motors index the circuit boards quickly and precisely. 

• Underside stencil cleaning maintains the apertures on the stencil 
in a clean and unclogged state. 

For more information or a demonstration of the Speedline MPM
Momentum stencil printer at the EMPF, please contact Mike Prestoy at
610.362.1200, extension 241.

Mike Prestoy  | Senior Applications Engineer

Figure 5-1: Momentum stencil printer.

www.navymantech.com
www.aciusa.org
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IPC/WHMA-A-620A CIS Training and Certification

Figure 6-3: Twinaxial connector. Courtesy of IPC -
Association Connecting Electronics Industries.

Figure 6-2: Breakout lacing. Courtesy of IPC -
Association Connecting Electronics Industries.

Figure 6-1: Open barrel crimp termination. Courtesy of
IPC - Association Connecting Electronics Industries.

Through the Electronics Manufacturing
Training Center, the EMPF offers a variety

of IPC Certifications in the field of electronics
acceptability and workmanship including a
Certified IPC Specialist (CIS) course on
IPC/WHMA-A-620A: Requirements and
Acceptance for Cable and Wire Harness
Assemblies. This standard is a collaborative
effort between the IPC and the Wire Harness
Manufacturer’s Association and contains
requirements for materials and processes as
well as acceptance requirements for visual
inspection of cable and wire harness assemblies.

The CIS course follows the same structure as
other IPC CIS certifications. The student is
required to complete a mandatory training
module delivered by a Certified IPC Trainer
(CIT) that covers the introductory topics for
the course. Upon completion of this module
the student is required to score 70% or above
on an open book test. Unlike other IPC CIS
courses, there is no closed book test in the
IPC/WHMA-A-620A CIS course. Following
successful completion of the mandatory module
of instruction, the student may complete some
or all of a series of optional modules that
cover specific technologies contained within
the standard. The student must score 70% or
above on an open book test in order to receive
certification for each module. Like all other
IPC CIS certifications, the successful student
receives a certificate that is valid for two years
and can be renewed by attending another
course within three months of the expiration
of the existing certificate.

Module 1 covers the IPC Professional
Certification Policies and Procedures, Chapter
1 (Foreword), Chapter 3 (Cable and Wire
Preparation), Chapter 11 (Measuring Cable
Assemblies and Wires), and Chapter 19
(Testing Cable Assemblies). 

Module 2 covers electro-mechanical assembly
without the use of solder by presenting the
requirements from Chapter 5 (Crimp
Terminations, Figure 6-1) and Chapter 6
(Insulation Displacement Connections). 

Module 3 presents requirements for soldered
assemblies from Chapter 4 (Soldered
Terminations).

Module 4 covers topics related to final connector
assembly by presenting the requirements from
Chapter 9 (Connectorization) and Chapter 10
(Molding/Potting).

Module 5 presents soldered and crimped
splice requirements from Chapter 8 (Splices).

Module 6 covers topics for outside surfaces 
of cable and wire harness assemblies by 
presenting the requirements from Chapter 12
(Marking and Labeling), Chapter 14 (Wire
Bundle Securing, Figure 6-2), Chapter 15
(Shielding), and Chapter 16 (Cable/Wire
Harness Protective Coverings).

Module 7 presents requirements from Chapter
13 (Coaxial and Twinaxial Cable Assemblies,
Figure 6-3).

Module 8 covers the topic of Solderless Wire
Wrap from Chapter 18.

This course is offered quarterly on-site at the
EMPF and covers all modules in a three day
period. The EMPF can also provide this course
at a client’s location. By selecting the specific
modules that are desired, a customized course
can be delivered in one to three days.

For more information about CIS courses in
IPC/WHMA-A-620A, CIS or CIT courses in
other IPC standards or other EMPF training
offerings contact the Registrar at 610.362.1295
or via email at registrar@empf.org.

Jason Fullerton  | Sr. Product and Applications Engineer

6-1

6-2

6 -3

www.navymantech.com
www.aciusa.org
mailto:registrar@empf.org
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Metal Injection Molded Connectors
(continued from page 1)

removes the empty space within the part and causes shrinkage of 
75-85% of the original mold. Since the shrinkage occurs uniformly, 
the resulting part retains the high tolerance of the molded dimensions
with a much higher density. 

When compared to other fabrication methods (Table 1-1), MIM can 
produce geometrically complex parts with fine details and thin walls
while conserving materials and time. A wide variety of materials can be
easily shaped with the corrosion resistance, strength, hardness, and wear
resistance of the pure metal.

The MIM process for electrical connector components represents a
potential method for reducing the cost of the Land Warrior connectors if
injection molded parts can be proven as rugged, both electrically and
mechanically, as the machined parts in use currently.

For details on the optimal use of the MIM technology for any small
detailed metal components, contact the EMPF at www.empf.org or
phone the Helpline at 610.362.1320.

Figure 1-2: Electronic interconnections needed for initial Land Warrior application.
Number of LRUs (and cables) has been reduced by combining electronic functions.

Metal 
Powders Additives

Debinding of 
Molded Parts

Blending Injection Molding
Compound

Injection Molding
Machine

Water+ +

Sintering

continued on page 8

Figure 1-3: Metal injection molding (MIM) process.

Upcoming Course

IPC/WHMA-A-620A CIS Certification

September 27-29

The Requirements and Acceptance for Cable and Wire Harness
Assemblies standard is a collaborative effort between the IPC 
and the Wire Harness Manufacturer’s Association and contains
requirements for materials and processes as well as acceptance
requirements for visual inspection of cable and wire harness
assemblies.

Contact the Registrar via phone at 610.362.1295, email at 
registrar@empf.org or online at www.aciusa.org/courses 

www.navymantech.com
www.aciusa.org
www.empf.org
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Platings for Interconnections
(continued from page 3)

change from tin-lead plating to the newer RoHS compliant pure tin plating. 

Finally, contact resistance is measured using a four-point probe method
and a suitable electrometer.

The EMPF has considerable experience in plated metal finishes, and 
significant capability to measure critical parameters of electronic surface
finishes. Questions on any electronic applications of such finishes are
always welcome on the EMPF Helpline at 610.362.1320.

Metal Injection Molded Connectors
(continued from page 7)

Table 1-1: Comparing MIM to other fabrication methods. Courtesy of FloMet, LLC.

Fred Verdi  | Senior Manufacturing Engineer

Table 3-1: Commercial finish application guideline.

Carmine Meola  | R&D Projects Lead

www.navymantech.com
www.aciusa.org
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Tech Tips: Cable Assemblies
(continued from page 4)

condition), Acceptable (the conditions that the industry has determined
will not have reliability issues for the class of product), Process Indicator
(conditions that are still acceptable, but are signs that something in the
process should be changed to get back to target) and Defect (conditions
that will cause field failures if not fixed during manufacture). The IPC/
WHMA-A-620 covers everything from wire stripping and soldering to
crimp connectors and cable bundling requirements.

Military requirements may vary slightly from the IPC/WHMA-A-620
based on type of service and expected environmental conditions. In the
event that the project will be used in a military application, verify which
military specifications are required.

Military connectors in external cabling assemblies are extensive. The
basics of the connector system are the receptacle and the plug. Similar
to house wiring, the receptacle is generally found mounted to a box or a
bulkhead and the plug is mounted to the cable. For instances where an
extension cable may be needed, one side of the cable will have a cable
mounted receptacle. Both the receptacle and the plug consist of a shell,
insulator, and contacts (Figure 4-2). They are assembled in order to 
create the completed connector assembly. As mentioned above, the 
contacts may be pins or sockets, depending on where the potential for
voltage exists.

All military connectors are keyed so that only their mates can interconnect.
A typical connector will have a standard key orientation as well as up to
five alternate positions. This allows the designer to create a unique cable
mating scheme and prevent potential misconnections.

Military connectors also have multiple interlocking mechanisms. The
most commonly used interlocking methods are threaded, bayonet,
breech, and push-pull (Figure 4-2). Threaded systems work like a standard
nut to bolt interface, where the locking nut is free to move about the
fixed shell of the plug to secure the connectors. There are three types of
threaded systems: Standard (like a common nut and bolt that engage
within a 360° rotation), Double start (which have a double thread spiral
and engage within a 180° rotation), and Triple start (which have a triple
thread spiral and engage within a 120° rotation). Bayonet locking systems
utilize three pins equally spaced on the outside of the receptacle and a
locking ring that contains corresponding ramped grooves and a locking
mechanism. Breech locking systems are similar to bayonet locks with
the exception that they use solid lands on the receptacle and the plug
locks require 90° to lock. Push-Pull couplings work similar to an air hose
quick disconnect where sliding the lock ring allows the connection to be
locked or removed.

When assembling wires and connectors into cable assemblies, it is
important to use the correct tools. In IPC Class 3 as well as military
applications, tools such as strippers and crimpers are required to force
full cycle operation. Full-cycle crimpers have a locking ratcheting 

mechanism that does not allow the opening of the tool until it has been
compressed to fully crimp the connector (Figure 4-3). This guarantees
the technician makes a full crimp every time and ensures a quality cable
is constructed.

Finally, care must be taken to route the completed cable assembly 
correctly during installation. Correct routing ensures that it will not rub
on any components in the final assembly. Cable clamps, standoffs, and
bundling ties must be installed to maintain the cable integrity through the
life of the product.

Both internal and external interconnecting cabling are important in the
proper function of all electronic devices. For more information on the
design and manufacture of all types of cables, contact the EMPF
Helpline at 610.362.1320.

Figure 4-3: An example of a full cycle tool. This crimper is for ring terminals. 
Note the ratcheting mechanism in the inset view. Once the crimp is started, 

the tool will not release until a complete crimp has been made.

Walt Barger  | Senior Applications Engineer

www.navymantech.com
www.aciusa.org
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IPC A-600 
CIT Certification
January 26-28
March 22-24
June 21-23
September7-9
November 29 -

December 1

IPC 7711/7721 
CIT Certification
January 25-29
March22-26
July 26-30
October 25-29

IPC 7711/7721 
CIT Recertification
March 8-9
May 17-18
June14-15
September 13-14

Skills

BGA Manufacturing,
Inspection, Rework
January 19-20
April 5-6
June 28-29
October11-12

Chip Scale
Manufacturing
February 16-18
May26-28
August 11-13
December 13-15

Continuing Professional
Advancement 
in Electronics
Manufacturing

Design for 
Manufacturability
February8-9
May 24-25
August 9-10
November 22-23

Failure Analysis and
Reliability Testing
March 15-17
May 17-19
September 27-29
November15-17

Lead Free
Manufacturing
February 22-23
June 7-8
October 4-5
December20-21

Contact the Registrar for course information and pricing: phone: 610.362.1295      email: registrar@empf.org

Electronics manufacturing assistance is available 
via the EMPF Helpline: phone: 610.362.1320      email: helpline@empf.org

Custom courses and on-site training are available. ACI is conveniently located next to the Philadelphia International Airport.

All courses and dates subject to change without notice. LD0010 

www.aciusa.org
mailto:registrar@empf.org
mailto:helpline@empf.org

