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ABSTRACT 

There is a critical military need to improve readiness and operational 

performance by utilizing Additive Manufacturing (AM) for the sustainment and 

modernization of ground vehicles. AM opens the opportunity to add value to the 

manufacturing of parts and components that may be limited or not achievable by 

traditional manufacturing methods and materials. Additionally, AM can serve as a 

secondary source of manufacturing that can solve supply-chain and obsolescence 

issues at the point of need or point of repair. One of the primary challenges that 

exists with AM is the lack of defined standards for the qualification of materials 

and processes. WSU-NIAR is collaborating with the Army Ground Vehicle System 

Center to address this challenge by establishing a rapid qualification process 

utilizing Laser Powder Bed Fusion (LPBF) and Direct Energy Deposition (DED) 

AM processes with 17-4PH stainless steel material applied to ground vehicle parts 

of need. An overview of the 2023 MINT-GS projects at WSU-NIAR is discussed 

throughout this paper. In the early stages of this effort, candidate parts were jointly 

identified and a suitability assessment was performed for the AM processes 

considered using 17-4PH stainless steel. An overview of the critical path parts 

selected for qualification is provided along with the criteria used for the suitability 

assessment. Additionally, the pre-qualification (screening) and qualification 

considerations are discussed for each modality. 
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1. INTRODUCTION & BACKGROUND 
A five-year cooperative agreement, 

Modernization of Integrated Technology for 

Ground Systems (MINT-GS), has been 

awarded between the U.S. Army Combat 

Capabilities Development Command Ground 

Vehicle Systems Center (GVSC) and Wichita 

State Universityôs National Institute for 

Aviation Research (NIAR) to provide the 

warfighter with enhanced capabilities and to 

ensure readiness. The mission of the MINT-

GS award is to develop innovative tools, 

methodologies, and qualification frameworks 

for advanced manufacturing processes and 

materials for the modernization and 

sustainment of ground vehicle and ground 

vehicle components. The MINT-GS focus 

and objective is to collaborate in developing 

technology roadmaps that will accelerate the 

modernization and sustainment of dual use 

advanced manufacturing through material 

development, material and process control, 

qualification, and simultaneous development 

of parts. 

In May of 2023, WSU-NIAR began 

working on the qualification of 17-4PH 

stainless steel considering multiple additive 

manufacturing (AM) modalities as part of the 

MINT-GS 2023 annual plan. Each modality 

was separated by project number as defined 

in Figure 1. The four modalities that were 

considered in the 2023 projects included: 

¶ Laser Powder Bed Fusion (L-PBF) 

¶ Powder Direct Energy Deposition 

(P-DED) 

¶ Wire-Arc Additive Manufacturing 

(also referred to as Wire-Arc DED) 

¶ Laser Wire Additive Manufacturing 

(LWAM  or Laser-Wire DED) 

Each of these modalities offer various 

deposition rates at various resolutions that 

enable a wide variety of sustainment parts to 

be manufactured. Many ground vehicle parts 

are manufactured with alloy steels (4000 and 

8000 series) including castings, forgings, and 

billet materials. There are limitations on the 

available steel alloys that are specified and 

certified by the AM Original Equipment 

Manufacturers (OEM), although the 

feedstock is commercially available, and do 

not align with the material requirements, 

application, and specification for the ground 

vehicle part specifications. For example, the 

current alloy steels available by the AM L-

 
Figure 1: MINT-GS Advanced Materials Applications 2023 Overview. 
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MINT-GS Mission

Develop innovative tools, methodologies, and qualification

frameworks for advanced manufacturing processes and

materials for the sustainment and modernization of ground

vehicle and ground vehicle components.

The primary focus of this program is to establish a rapid qualification

process for additive manufacturing technologies using well known

and commercially available materials for identified ground vehicle parts

of need.

Project 1

Laser Powder Bed Fusion

Project 2

Powder Direct Energy Deposition

Project 3

Wire Arc Additive Manufacturing

Project 4

Laser Wire Additive Manufacturing

ÅMaterial: 17-4PH

ÅHeat Treatments: As-Built, H900, H1025, H1075, 

H1100, H1150

ÅMachine: EOS M290 (Purchased)

ÅAdditional Details:

o Reduced Scope Testing for Select HTs

Project 5

Integrated Digital Environment (IDE) ïSecure Online File & Data Sharing

ÅMaterial: ER630 (17-4PH)

ÅHeat Treatments: As-Built

ÅMachine: ABB-Fronius CMT (Purchased)

ÅAdditional Details:

o Initial Development Work Performed at Solvus 

Global and VRC Metal Systems

ÅMaterial: ER630 (17-4PH)

ÅHeat Treatments: As-Built

ÅMachine: LaserMech FiberWeld®

ÅDetails:

o All Development Work Performed at Midwest 

Engineered Systems & ORNL

ÅMaterial: 17-4PH

ÅHeat Treatments: As-Built, H900, H1025, H1075, 

H1100, H1150

ÅMachine: RPMI 557 (Existing NIAR Equipment)

ÅDetails:

o Reduced Scope Testing for Select HTs
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PBF OEMs are maraging and tool steels and 

can satisfy the strength requirements but are 

too hard with very little elongation and 

toughness that a 4000 series alloy steel can 

provide. The most comparable L-PBF OEM 

available material relative to the material 

properties of 4000 series alloy steels is 17-

4PH stainless steel. Like most 4000 series 

alloy steels 17-4PH stainless steel can be heat 

treated through various standard conditions 

(H900, H1025, H1075, H1100, H1150) and 

allow a range of material properties typically 

in the 100-200ksi range making it a versatile 

alloy for ground vehicle parts. However, the 

current L-PBF OEM material data sheets 

only specify the H900 heat treatment cycle 

for the AM processed material, and there is a 

need to identify the material properties of the 

AM processed 17-4PH stainless steel at the 

standard heat treat conditions across multiple 

modalities. This will provide a material 

property database and range that can be 

utilized when specifying AM materials for 

ground vehicle part applications. 

The main objective of the MINT-GS 2023 

annual plan is to develop a rapid qualification 

framework via process and material 

characterization of 17-4PH stainless steel 

utilizing multiple AM modalities and develop 

an expanded material database including the 

standard heat treat conditions beyond the 

OEM material conditions to allow for a full 

understanding of the AM material property 

range. Each project as defined in Figure 1 is 

executed following the general project task 

list described in Figure 2. 

In task 1, ground vehicle parts were 

identified, and a suitability assessment was 

performed to select appropriate parts for the 

material and process considered under the 

initial phase of this work. Legacy part 

requirements were reviewed for a variety of 

parts such as castings, forgings, or 

weldments, to help properly align the 

qualification framework. 

Each modality considered in this work had 

unique technology readiness levels (TRLs), 

therefore, varying levels of effort was 

required in task 2 between each modality to 

establish process control. For example, 

processing parameters have been developed 

for the L-PBF EOS M290 machine using 

EOS powder feedstock. However, no 

parameters have been developed for 

 
Figure 2: General Project Task List. 
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Task 1: Development of Ground Vehicle Parts for 

Advanced Manufacturing Processes and Materials

Task 2: Process Development, Material Characterization, and 

Process Control for Advanced Manufacturing Processes

Task 3: Rapid Qualification of Processes, Materials, and Parts for Advanced 

Manufacturing Processes

Task 4: Develop Final Technical Report

Å Identification and validation of ground vehicle critical path parts for 

sustainment.

Å Perform suitability assessment for selected parts & document criteria used in 

the assessment to aid future projects in identifying parts that can leverage AM.

Å Define ground vehicle rapid qualification framework requirements

Å Procure equipment & integrate for operation

Å Execute the pre-qualification material testing and characterization of 17-4PH stainless steel and 

respective standard heat treat conditions

Å Develop the rapid qualification database, statistical methodologies, and critical features and scaling for the AM processed 

17-4PH stainless steel material based on task 2 execution

Å AM build, post processing, and testing of sustainment parts built from 17-4PH stainless steel via AM process, utilizing the 

database

Replacement Part Needed

Intellectual Property 

(IP) Rights for Part

Battle Damage Assessment 

and Repair (BDAR)
Sustainment Maintenance

OEMGovernment Owned

Maintenance 

Category

Selection of 

Fabrication Strategy
Traditional 

(Subtractive/Cast/Forging)

Additive 

Manufacturing

Considering:

Á M&P Readiness

Á Cost/Leadtime

Part Requirement Definition

(QAR/Drawings)

No Change to 

QAR &/or Drawing

Change to QAR 

&/or Drawing

Program Office 

Approval

Program Office 

Consult/Approval

Create AM Technical Data Package

QAR/Drawings 

Equivalency

Part Performance 

Equivalency

System Performance 

Equivalency

1 2 3

If OEM owns IP, is there 

still sustainment 

maintenance opportunities 

for long lead parts?

Å Following QAR from 

Legacy Part:

Å Forging
Á Hardness

Á Chemistry

Å Casting
Á Tensile

Á NDE
o Radiography

o Mag Particle

Å Discussion Items:

Å Assumes all 

requirements are 

contained within the 

cast/forged Drawing/QAR

a. Part Testing

Å What is the acceptable 

measure of equivalency 

from a part test?
Á Acceptance criteria may 

vary from part to part 

(weldment, casting, 

forging)

Á AM part properties 

related to original part 

properties

b. Analysis

Å Requires significant 

amount of material 

property data (AM & 

legacy material)

DRAFT GROUND VEHICLE AM PART DESIGN APPROVAL 

PROCESS

Å Requires system level 

understanding of part 

being replaced

Å Potentially reduces amount 

of testing required to show 

equivalency

Å Discussion Example:
Å Door handle: Showing 

equivalency through the 

ultimate strength may not be 

necessary as the ultimate 

failure will occur at a much 

higher load than the door 

handle would ever experience 

under normal operation. Door 

handles may just need to be 

follow path 1 (original 

QAR/Drawing).

Certification requirements 

linked to part criticality 

(does not necessarily 

dictate approach 1-3)

Task 1 Report

Task 2 Report

Task 3 Report
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processing 17-4PH powder with the P-DED 

RPMI 557 system. Similarly, processing 

parameters for the Wire-Arc DED and 

LWAM processes have not been widely 

published. In these cases, process parameters 

were developed, and a significant amount of 

material testing was performed under task 2 

prior to entering the qualification in task 3. 

Once process control documentation and 

specifications are established for each 

modality under task 2, the qualification of 17-

4PH material at various heat treat conditions 

will be performed under task 3. Additionally, 

parts selected in task 1 will be manufactured 

and characterized to ensure all legacy part 

requirements are met. 

Data generated under this project will be 

included in an online materials database, 

Workbench for Additive Materials (WAM), 

accessible by various US government entities 

as shown in Figure 3. This will enable 

material substitution studies to be performed 

on a wide variety of sustainment parts. 

 

 
Figure 3: Workbench for Additive Materials 

Database. 

2. IDENTIFICATION & SELECTION OF 
CRITICAL PATH PARTS (TASK 1) 

Developing ground vehicle parts for 

advanced manufacturing processes and 

materials involves (1) identifying viable 

parts, (2) certifying their suitability, (3) 

developing and executing a manufacturing 

strategy, (4) validating the quality of the 

parts, and (5) delivering parts to the end-

customer. Under task 1 of the Advanced 

Materials Application project at WSU-NIAR, 

candidate parts were identified (1), a 

suitability assessment was performed (2), and 

a manufacturing strategy was outlined for 

each part on each AM Modality (3). A high 

level summary of the part selection process is 

shown in Figure 4. 

Ground vehicle parts were initially 

identified using the following criteria: 

a. Defense Logistics Agency (DLA) 

Status & Demand Signal: Initially 

parts from the M113-A3 (WSU-

NIAR has created a digital twin of the 

M113-A3) were cross-check for 

Stock on Hand (SOH), Monthly 

Consumption Rate (MCR), and the 

Lead-Time (LT) which included 

administrative and procurement time. 

Parts with limited SOH, high MCR, 

and long LTs were prioritized for this 

effort. Additionally, because WSU-

NIAR has the physical asset that has 

been digitally scanned as it was 

disassembled, material and 

component tests can be performed on 

the legacy parts and compared to AM 

parts. After parts were identified from 

the M113-A3, other platforms were 

considered such as the Family of 

Medium Tactical Vehicles (FMTV) 

and a Self-Propelled Howitzer. 

b. Intellectual Property Rights: Parts 

that were initially identified with a 

high demand signal were then cross-

checked for Intellectual Property (IP) 

rights for the part. In some cases, the 

vehicle OEM owns the IP rights to 

individual parts. For this effort 

focused on sustainment related repair 

or replacement of parts (not Battle 

Damage Assessment and Repair), 
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parts were only considered in which 

the government owned the IP rights to 

the part. 

c. Part Geometry: Once parts were 

identified using the demand signal 

and down selected based on the IP 

rights, the overall size was considered 

to determine which modalities could 

be used to manufacture the part. Build 

volumes are discussed in section 3. 

For the initial phase of this project, 

parts that fit all modalities allowed for 

comparisons in manufacturing 

strategies and the corresponding part 

performance across all processes. 

Generally, AM is leveraged for 

highly complex parts that can not 

always be manufactured using 

conventional methods, however, for 

part repair and replacement, AM can 

be leveraged as a secondary source of 

manufacturing. Ultimately AM can 

be used to reliably produce high 

demand parts in less time than 

conventional methods. 

Once parts were initially identified, each 

part went through a suitability assessment 

using the following criteria: 

a. Legacy Material, Processing 

Method, & Part Requirement 

Review: Drawings and quality 

assurance requirement (QAR) 

documents were reviewed to 

understand the legacy part 

requirements. Using this information, 

material substitution decisions can be 

made such as what alloy could be 

used for replacement. Currently there 

is a lack of data available which is 

what will be enabled by the data 

generated under this effort. In the case 

that there is an alloy change, 

reference specification MIL-STD-

889C for standard practice for 

dissimilar metals as there can be 

compatibility/corrosion issues 

between dissimilar metals. 

b. Post-Processing Method: After 

parts are manufactured, machine 

work and/or coating and plating may 

need to be performed.  This was 

considered in the suitability 

assessment to ensure the research 

team had access to the appropriate 

machining, coating, and plating 

processes. 

 
Figure 4: Part Selection Criteria. 

 

Figure 2: MINT-GS Advanced Materials Applications 2023 Project Overview. 

 

Part Selection Criteria & Suitability Assessment 3 Selected Parts

1. DLA Status &  

Demand Signal
2. IP Rights

3. Geometry

4. Legacy Material, 

Processing Method 

& Requirements

5. Post Processing 

Method

Å Stock on Hand (SOH)

Å Monthly Consumption 

Rate (MCR)

Å Lead-time (LT) ï

Administrative and 

Procurement

Å OEM or Government 

Owned

Å Size Envelope & 

Complexity Level

Å Alloy Definition

Å Casting, Forging,

Å Criticality (Part 

Category)

Å Material Requirements 

(QAR/QAP)

6. Legacy Data
Å Loads or Test Data

Å Digital Twin or Access 

to Asset

Å Machining

Å Coating/Plating

GVSC 

Ranking

NIAR 

Ranking
Part Name Part Number NSN Platform/s

IP Rights 

(Yes/No)
Criticality

Loads 

or 

Legacy 

Part 

Data

ROM Size

x, y, z (in)
Form Alloy Material Requirements NDE LPBF

Powder 

DED
WAAM LWAM Machine

Coating/ 

Plating

2 2

Bracket, Mounting, 

Track Tension 

Adjuster

10874930 2530007673145 M113-A3 Yes 3, 5, 4 Forging
Steel 4140, 4142 or 8645 

(140ksi)

Surface Hardness, HRC 32-37

Chemical Analysis (MIL-S-46172)
-

zinc-nickel 

& paint

20230712 - 79 SOH, 4 pcs MCR, 235 

day LT

x Casting Bracket, Alternator 12349984
M113-A3

M113-A2E1
No 8, 9, 6

Plate Weldment 

or Casting

Steel A36 or 1008-1025, Casting 

65-35 or 60-30 (40ksi)

Chemical Analysis (MIL-2-22141)

Mechanical Property (MIL-S-22141)

Mag Particle

Radiographic
zinc

2 W2
Mount, Shock 

Absorber
12268692 2540010625596 M113-A1 4, 4, 4 Forging

Steel 4135, 4140, or 8640 

(140ksi)

Surface Hardness, HRC 32-37

Chemical Analysis (MIL-S-46172)
- zinc

20230712 - 161 SOH, 25 pcs MCR, 

120 day LT

x 3 Arm, Suspension 11669358

M113-A1, M577-

A1, M125A1, 

M106-A1

No 6, 9, 4 Forging
Steel 4140-4145, or 8650 

(140ksi)

Surface Hardness, HRC 32-37

Chemical Analysis (MIL-S-46172)
- none

3 3 Hinge, Seat 12554693 2540016206863 M113-A3 4, 7, 4 Plate Weldment Steel Grade 60,70, or 80 (60ksi) - -
zinc-nickel 

& paint

20230712 - 0 SOH, 1.5 pcs MCR, 170 

day LT

x x Follower 9377568 M1A1 Yes 20 ,20, 4
Forging or 

Wrought Billet
Steel 4140, 4150, 8640 or 8740

Surface Hardness, RC 28-32

Metalized Surface hardness, RC 52min

Chemical Analysis (MIL-S-46172)

-

bonze weld 

& bronze 

plate

x x
Ring, External 

Spline
11650255

X200-4 

(Transmission)
Yes 15, 15, 1 Wrought Billet Steel 4140

Surface Hardness, HRC 30-37

Chemical Analysis (MIL-S-46172)
- spline

Rislan 

primer & 

nylon

x x Housing 12287607 M1 6, 3, 1 Casting Steel MIL-S-22141 MIL-C-6021 - spline cadmium

x 1 Guide 12387874 2590016741401 M1A2 6, 2, 5 Forging Steel 4140, 8640, 8645, 8740

Hardness, HRC 35-40

Local Hardness, HRC 52min

Chemical Analysis (MIL-S-46172)

Mag Particle
flame 

hardening

20230712 - 0 SOH, 6.75 pcs MCR, 

198 day LT

1 Casting Bracket 10898073 3040001330983
Self Propelled 

Howitzer
Yes 8 ,5, 4 Casting

Cast Steel A148 Class 90-60

(100ksi)
- ?

zinc & 

Chromium

20230712 - 0 SOH, 3.66 pcs MCR, 

225 day LT

2 1 Support 12419051 3040014423643 FMTV 4, 5, 2 Forging Steel 4140 Surface Hardness, HRC 23-28 -
IAW 

12420325

20230712 - 48 SOH, 0.17 pcs MCR, 

222 day LT

3 2 Handle 12509364 2540015795190 FMTV 8, 3, 2 Bar Steel 4140 - -
IAW 

12420325

20230712 - 6 SOH, 0.1 pcs MCR, 198 

day LT

1 3 Hub 8738111 2530003741771 M172 11, 11, 9 Casting
Steel, A27, 65-35, A148, 80-50,

Optional Mat'l Annealed 4130
- - none

20230712 - 0 SOH, 0.3 pcs MCR, 206 

day LT

x 1 Bracket 9377595 M1 Yes 7, 4, 5 Plate Weldment Steel 4130, 8630
Surface Hardness, HRC 28-34

Local Hardness, HRC 45-50
-

paint & 

flame 

hardening

x x Pitman Arm 12414586 FMTV Yes 10, 10, 2 Bar 4140 Surface Hardness, HRC 21-29 - splines

Shot peen, 

IAW 

12420325

2
Bracket, Mounting 

Cylinder
12417924 5340013717958 FMTV Yes 5, 1.5, 1 Casting

Cast Steel A148 Class 90-60

(100ksi)
-

20230712 - 0 SOH, 4.46 pcs MCR, 

207 day LT

LIFTING EYE,

VEHICLE
10866040 2510007673146 M113 7.3, 5, 5.1 Forging

Forging, Steel 4140 thru 4145,

Condition Optional: MIL-S-46172
Quench and Temper to HRC 38-42

20230731 - 168 SOH, 0.292 pcs 

MCR, 209 day LT

1 1 EYE, TOWING 12474788 2540014977596 M113 Yes 7.5, 5.5, 5.3 Forging

Forging, Steel 4140, 4142, 4145, 

8640, or 1345H,

MIL-S-46172

Quench and Temper to BHN 353-390 
20230731 - 0 SOH, 11.458 pcs MCR, 

183 day LT

HINGE, RAMP 12350170 2510012391953 M113 6.5, 5.1, 3.0
Forging/

Weldment

Forging, Steel 4130H thru 

4140H,

MIL-S-46172

Quench and Temper to HRC 30-35
20230731 - 42 SOH, 0.250 pcs MCR, 

183 day LT

HINGE DOOR 12350185 2510012391954 M113 9.1, 5.1, 3.0
Forging/

Weldment

Forging, Steel 4130H thru 

4140H,

MIL-S-46172

Quench and Temper to HRC 30-35
20230731 - 4 SOH, 0.167 pcs MCR, 

175 day LT

DLA Status / Demand Signal

Part Information AM Modality Candidate Score (17-4PH) Legacy Material Description & Requirements Post Process Score

Towing Eye (M113-A3)

Å Part Number: 12474788

Å 0 SOH, 11.5 MCR, 183-day LT

Å Forging ï4140, 4142, 4145, 

8640, or 1345H

Bracket, Mounting, 

Track Tension Adjuster 

(M113-A3)

Å Part Number: 10874930

Å 79 SOH, 4 MCH, 235-day 

LT

Å Forging ï4140, 4142, or 

8645

Bracket (Self Propelled Howitzer)

Å Part Number: 10898073

Å 0 SOH, 3.7 MCR, 225-day LT

Å Casting ïA148 Class 90-60

1

2

3

8.4ò

5.4ò

5.8ò
4.3ò

3.6ò

5.7ò

8.1ò

3.9ò

4.9ò
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c. Legacy Data: Parts that the research 

team had access to legacy data were 

viewed as helpful in developing the 

rapid qualification framework. 

Although this effort is to help move 

away from individual part tests by 

generating enabling material property 

data, legacy part tests can help build 

confidence in the qualification 

approach. Therefore, the research 

team selected two parts that were 

included in the WSU-NIAR M113-

A3 digital twin. 

Three parts were selected after considering 

several dozen parts across various platforms. 

Two parts (forgings) were selected from the 

M113-A3 vehicle and one part (casting) from 

the Self-Propelled Howitzer. These three 

parts are shown in Figure 4. The location of 

the M113-A3 parts are shown in detail on the 

WSU-NIAR Digital Twin Model in Figure 5. 

Manufacturing strategies for each part on 

each modality is also being developed to aid 

in outlining the general modifications that 

need to be made for AM (known as 

Modifications for Additive Manufacturing or 

MFAM). To meet the general dimensions and 

tolerances, certain regions of the parts may 

need to be printed near net shape and 

machined to final net shape. An example of 

areas that are modified on a part is shown in 

in Figure 6. 

 
Figure 6. Example of Part MFAM. 

 

Radial Spindle Offset and Filled 

Thread

Build Plate Offset

10874930_Track Tension Adjuster 

Mount Bracket

 
Figure 5: M113-A3 Digital Twin with Parts Identified and Trial Prints Shown. 

 

Figure 2: MINT-GS Advanced Materials Applications 2023 Project Overview. 

 

Track Tension Adjuster Mounting Bracket 

(M113-A3)

ÅPart Number: 10874930

Å79 SOH, 4 MCH, 235-day LT

ÅForging ï4140, 4142, or 8645

Towing Eye (M113-A3)

ÅPart Number: 12474788

Å0 SOH, 11.5 MCR, 183-day LT

ÅForging ï4140, 4142, 4145, 8640, or 1345H

8.4ò

5.4ò

5.8ò 4.3ò

3.6ò

5.7ò
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