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Increasingly complex challenges and accelerated timelines are driving the need for new methodologies
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]%[ Cable Design is Imperative to Mission Success

Problem: Subpar cable design can lead to detrimental consequences without proper support

A cable shorted to ground during TVAC testing. We were lucky, and the payload
was not harmed but it took a Whi/e to prove that. We definitely had to stop testing

Anne Vogel, Assistant Group Leader
Payload Engineer MicroMAS, MIT LL

Make cable design support accessible to programs of all sizes with Al-assisted cable
harness part selection to improve accuracy and reduce design lead time
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Cable Design Anatomy
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75 Bill of Materials (BOM) Breakdown
ITEM | QTY Part Part Name Vendor Vendor Number \\\‘
NO. Number K
1 1 | E1166762 | CONNECTOR,RCPT, ELECT,9 PIN,HIPERD-SUB | GLENAIR INC | 280-018P1S9MEGN-429A N
2 1 | E1164055 | BACKSHELL,HYPER-D,EMI,9 POS,TOP ENTRY C | GLENAIRINC | 289T005ME1C-NNN Connectors, Pins
3 1 E1167057 | CABLE PLUG, TRIAX SABRITEC 311P826-02 & Backshells
4 9 | E1167072 | CONTACT, ELECT, PIN, CRIMP, 20-24 AWG G10P1 B
5 AR | E1167101 | CABLE, TWINAX M17/176-00002 [ Wire R
6 AR | E1193231 | COMPOSITE SHIELD BRAID .125 - .312ID GLENAIR INC 103-027-008S
7 AR | E9031550 | TAPE LACING/TYING POLYESTER LOW OUTGAS 18DPTH Always on
8 | AR | E9030706 | SLEEVING TEXTILE ELECT 0.120-.370 ID PANDUIT SE25PFR-TRO BOM
9 AR | E9030615 | SOLDER.015" LEAD ALLOY SN63PB37-285 RMA KESTER 24-6337-9703 " Solder |
SOLDER CO.
10 | AR | E9031166 | LABEL TEDLAR WHT 1.00 WIDE X 85FT LG BRADY B33C-1000-437 Botabes
11 | AR | E9031168 | PRINT RIBBON BLK 4.33 WIDE X 200 FT LG BRADY B30-R4300 i
12 | AR | E1055480 | ADH EC-2216 B/A GRY M5(5B:7A:0.24M5)3.9G APPLI-TEC 3EE-BF-3109-3.9 B Adhesive |
13 | AR | E1117121 | ADH 5753A/B(LV-FD)/ITX MD THIX 3CC ESD 3G APPLI-TEC 3EE-BF-3304-003 | |
14 1 | E1177350 | BAND-IT SHIELD TERMINATION, STD GLENAIR INC 600-052

Cable BOMs contain repeatable categories of components, making this a good case for Al automation
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75 Cable Design Workflow

NO:SX-133(1/2) Drawing

D

Engineer Cable
Designer
Select parts that Buy and receive Create technical
meet program parts from suppliers package and
requirements drawings

v Part selection is performed part-by-part, constrained by human search capacity
v This limits procurement options and can create lead-time bottlenecks
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75 Cable Design Workflow
‘ . ’ NO:SX-133(1/2) Drawing
Cable Agent
.0' ‘0 :
p”’ "'4
Enai Cabl Select parts that Buy and receive Create technical
ngineer 5 able meet program parts from suppliers package and
esigner requirements drawings

v The cable agent performs comprehensive searching of parts within defined requirements

v Exposes viable alternatives and driving faster procurement times
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75 Outline

* [Introduction

‘ « Multi-Agent Framework

 Results

e Conclusion
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75 Al Agents for Task Automation

e S

_ SQL Vector
* An Agent is a software « Agents have access to data Database Database
product that uses Al to sources and tools to l ¢
pursue goals and complete achieve specific objectives (—ﬁ_\
tasks on behalf of users outside of itself AT Agent
« Powered by a core  Retrieval Augmented Input — o EE Clon [ Output
Language Model (LM) to Generation (RAG) is a /( 78 ‘K?:j_:;ja
reason, plan actions, and technique that enables agents i Tools  Planning  Memory
call tools to retrieve new information J
without additional training
« Easy to extend and scale by ’ i}
plugging in new agents later Language
Model

Multi-agent systems combine specialized workers into one cohesive team

An Agentic Al Approach to Space LINCOLN LABORATORY
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75 Cable Agent Design Progress

Approach —— Knowledge Sources Implementation
Meet with cable design SMEs MIL/NASA Specifications High-level cable design decision
+ Translate expert decision- «  Wire part specifications stored in trees explorable by agents
making processes into Vector database for semantic « Agents traverse decision tree to
structured logic search determine what to look for
* Include wire ratings, connector » Connector part specifications » Agents access database to find
standards, environmental stored in SQL database for which specific part numbers match
requirements structured search criteria
Example Cable Design
Decision Tree: Application

Thermal
Vacuum?

Agents rely on existing decision-tree logic and external databases, mitigating the need to re-train the LLM

An Agentic Al Approach to Space  LLM: Large Language Model NASA: National Aeronautics and Space Administration LINCOLN LABORATORY
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75 Knowledge-Informed Agentic Autonomy

RAG

Retrieval Augmented Generation

Technique that allows LLMs to

retrieve information from external

documents

Reduces hallucinations by
creating a source of truth for
agents to access

Vector Database

— 1
ChromaDB o,
* Documents are chunked and c 4
embedded as numerical 66 9 [39] e
representations .
« Enables fast semantic searchand = ¥ ==
support for unstructured i
documents o B

Data Preparation

Embedding Query

Relational Database —

SQL

+ Tables stored with rows,
columns for precise queries and
linked together by keys

* Query parts with exact filtering

criteria and matching
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]%[ External Knowledge Grounds Agent Results and Logic

Wire: Technical Documents Connectors: Parts Database

retrieval.

Wire Size | Single Wire Current Remark

(AWG) (Isw) (Amps)
30 1.3 m (107 10 torr)

I d idu ] shall be derated

28 1.8
26 25
24 33
22 4.5
20 6.5
18 9.2
16 13.0
14 19.0
12 25.0 3. Deratings liste
10 33.0

rated for +200°C

8§ 44.0
6 60.0
4 81.0
2 108.0
0 147.0
00 169.0

s the highest applica

\U(i\
ing v alues listed & pp] only g conductors on helically db ndles. See
I:I:I:p er for derating in r wation for u: cable and flas condue

Wire Specification Documents
(EEE-INST-002, NASA, MIL Specs)

—

Wire specification documents are converted into
textual embeddings and stored for semantic

Database
(ChromaDB)

Connector data is stored in a relational database
for structured queries

MWDM2L.-130S-6K7-18M-429A

Part Number

Part Attributes

Part Number MWDM2L.-130S-6K7-18M-429A
Gender PLUG
Number of Contacts 9
Connector Type MICRO-D
Wire AWG 26
Material & Finish Nickel

Wire specs require contextual document retrieval, connector data is suited for direct filtering queries

An Agentic Al Approach to Space
Harness Component Selection - 12
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75 Cable Agent Architecture

Can | find a valid wire?

Instructions
Context \
Wire & Cable RAG S
Knowledge —“] .
Agent > Retrieval a‘ -
“| need a cable that can support 5A and has o ) nto
two 9 DSUB connectors for a bench test” Do I'have sufficient context?
Supervisor
Inqui
il Agent Wire
Results Part
Requirement
.
User Parts list, alternatives, Agent
clarification requests Routing
Query SQL >
Which Agent should I call? Connector —r’
Database _
> Agent Query
Instructions Parts IDs

Can | find a valid connector?

Agents don’t generate answers, they navigate defined logic and retrieve from controlled data sources
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75 Outline

* [Introduction

* Multi-Agent Framework

‘  Results

e Conclusion
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75 Connector Part Selection (1/3)

User: I need 2 micm—[dsJ 1 plug and 1 receptacle 9 contacts each

An Agentic Al Approach to Space LINCOLN LABORATORY
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75 Connector Part Selection (2/3)

Connector Agent:
For your NASA upscreened, 26 AWG prewire, backshell-compatible, 9-pin application, I have provided matched connector pairs (PLUG
+ RECEPTACLE):

End 1 - PLUG Connectors: Found 4 option(s)

1. MWDM2L-9P-6]7-18B-429A
Supplier: GLENAIR

2. MWDM2L-9P-6K7-18B-429A
Supplier: GLENAIR

Supplier: GLENAIR
from the parts database

4. MWDM2L-9S-6K7-18B-429A
Supplier: GLENAIR

Note: J vs K indicates wire type.
-6J7: M22759/33 wire (recommended for LEO - higher radiation tolerance)
-6K7: M22759/11 wire (lower radiation tolerance, acceptable for non-LEQ)

End 2 - RECEPTACLE Connectors: Found © option(s)

An Agentic Al Approach to Space LINCOLN LABORATORY
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75 Connector Part Selection (3/3)

-
These parts also meet your requirements but do not have NASA upscreening and may be more readily available:

End 1 - PLUG Alternatives: 7 option(s)

1. MB3513/83-A83N
Supplier: Multiple Vendors

2. MB3513/@3-AB3P
Supplier: Multiple Vendors

3. MB3513/83-AB4N
Supplier: Multiple Vendors

4. MB3513/83-4A84P
Supplier: Multiple Vendors

5. MWDM2L-8P-617-18B
Supplier: GLENAIR

AR —— Alternate options
Supplier: GLENAIR provided

7. MWDM2L-85-617-18B
Supplier: GLENAIR

End 2 - RECEPTACLE Alternatives: 4 option(s)

1. MB3513/84-AB3N
Supplier: Multiple Vendors

2. MB3513/84-4B3P
Supplier: Multiple Vendors

3. MB3513/84-AB4N
Supplier: Multiple Vendors

4. MB3513/e4-AB4P
Supplier: Multiple Vendors

Flease research cost and lead times independently to make your final selection.

An Agentic Al Approach to Space LINCOLN LABORATORY
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75 Wire-Connector Part Selection (1/2)

User: What is the cable description for S5A space application in LEO

An Agentic Al Approach to Space LINCOLN LABORATORY
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75 Wire-Connector Part Selection (2/2)

Connector Agenf: Baséd on your space application cable with 9 conductors at 2@ AWG, I recommend:

**Primary Recommendation:**
M24308/2-516: CONN DSUB 9 SKT CRIMP
- Pins: 9 (exact match)

- Gender: PLUG

Shell: DA (smallest DSUB size)
Mass: 7.0g

- Why: This is the lightest possible connector that exactly matches your 9-conductor requirement, making it ideal for space applications wher
weight is critical.

**Alternative Option:**
) M24308/3-516: CONN DSUB 9 PIN CRIMP

- Pins: 9 (exact match)

- Gender: RECEPTACLE

Shell: DA (same size)
Mass: 7.0g

Tradeoff: This is the mating RECEPTACLE version if you need both connectors for a complete assembly.

**Technical Details:**

Contact Size: 2@ (perfect match for your 20 AWG conductors)
Both options are space-rated for your LEO application

DA shell is optimal for minimizing mass in space applications

Do you need a PLUG (male) or RECEPTACLE (female) connector, or would you like both for a mating pair?

. User: l ~

An Agentic Al Approach to Space LINCOLN LABORATORY
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75 Outline

Introduction

Multi-Agent Framework

Results

Conclusion

!
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75 Towards Full BOM Generation

MultI_Agent Framework Generating Bill of Materials...

« Wire and connector part selection based on decision-tree
logic, technical documents, and parts database access

Bill of Materials - Cable Assembly

« Enables updates without LLM re-training fren part fumber gty | Description
Cable/Wire M22759/11-16 1 | Wire assembly, 9 conductors,
3.0 ft
Connector - M24388/2-516 1 9 pin DSUB connector
. End 1 (PLUG)
Grounded Recommendations Connector - M24308/3-516 1 | 9 pin DSUB connector
End 2
« Mitigated hallucination risks by grounding outputs with (RECEPTACLE)

evidential information

« Validated preliminary results with experienced cable Expand to
designers complete full BOM

Practical Engineering Usage

Assembly Summary:
Conductors: 9
Current: 5.8A (per_conductor)

« Conversation interface support iterative design logic

* Evidence-based decision support, not autonomous Length: 3.0 ft
. . Application: bench
generation and automation Shielding: No

Initial framework demonstrates a promising approach to using Al for cable harness part selection

An Agentic Al Approach to Space  BOM: Bill of Materials LINCOLN LABORATORY

Harness Component Selection - 21 MASSACHUSETTS INSTITUTE OF TECHNOLOGY
QC, JL, JW, JL, MZ, DT, BS 10/14/26




—

1S

Future Work

Validate & Verify Reliability Expand Capabilities Integration

Test and verify diverse cable
configurations, environmental
conditions, and constraints
Verify recommendations meet
requirements
Legend [ 4.3 Research Efforts
" Program to Capability Need
7 Program to Trait Construct ; S
£ $ »
23 55
E5 s 58 E3S
$3333:3
OO OO
Human Performance Req 1.7 3 « ' «
Human Performance Req 1.8 3 «
Human Performance Capability 1.9 3
uman Performance Capability 1.10 2
uman Performance Capability 1.11
uman Performance Capability 1.12 1
man Performance Capability 1.13 1
man Performance Capability 1.14 1
uman Performance Capability 1.15 1

Backshell and shielding
selection with bundle dimension
calculations

Generate cable notes and
pictorial drawings

uuuuuuu

vvvvvvvvvvvvvvvv

Connect to digital engineering
platform synced part status
Direct import of parts lists into
existing design software

Establish review and approval protocols to maintain human oversight in engineering decision-making
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75 EXTRA
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75 Language Models

Novelty & Advantages Deployment Challenges
Language * Process natural language and « Commercial Al products are not trained on
Models possess real-world knowledge military or NASA specifications, especially
(LMs) . Can interpret semantic those not publicly available
meaning * Do not possess expertise in high reliability
cable design

* Do not natively contain organization-specific
information such as unique IDs of part
numbers

Equip LMs with internal specifications, parts

catalogues, and Engineer-verified decision logic
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75 Example Flow of a User Query

User

l

User Query

Supervisor Agent

Missing: Application

| need a cable that :
environment

can support 5A and >

has two 9-position Asks: “Is this cable for
DSUB connectors. space flight or ground
. 5, testing?”

Cable Specification
Received

<

Agent LLMS
hosted on LLSC
for data security

e =)
Wire Agent

Receives:
e AWG: x —>
e Environment: ...

¢ Conductors: ... Vector DB

Supervisor Agent = = Wire Agent
< J Result
User Response User Cable '
»  Requirements Met Cable/Wire
“Ground testing - found.
bench test.” Routing request to the
Wire Agent and & )
Connector Agent. Connector Agent
4
Receives: Connector Agent
o Type: DSUB Result
¢ Pin count: 9
« Quantity: 2 Connector
O SQL DB found.
\ >, -
Supervisor Agent
Checks compatibility
(wire + connectors).

Parses agent's response <
for user.
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