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Background & Problem
The Current Bottleneck at Remedy Medical Manufacturing
Existing liquid silicone rubber (LSR) transfer at small- to mid-size contract manufacturers relies on manual 
scooping and hand-loaded syringes — a process that is slow (>8 min/batch), wastes 5–15% of material, and 
produces inconsistent fills due to the extreme viscosity of LSR (~1,100 Pa·s, similar to petroleum jelly).

Industrial alternatives exist but range from $4,000–$50,000 and are optimized for full-scale production, not for 
small-batch CMOs that frequently change silicone formulations.

Our device introduces a low-cost, controlled transfer apparatus using positive displacement and modular 
fluid-path interfaces for both OEM-container → mixing-cup and mixing-cup → syringe transfer steps.

8+ min
manual hands-on per batch

Mission Statement

LiquiSil Medical creates scalable, adaptable, and cost-effective silicone-handling solutions for small- to 
mid-size contract manufacturers. By delivering faster transfer speeds, reduced waste, and lower cost, 
we aim to support the production of silicone-based diagnostic and therapeutic devices — advancing 
healthcare accessibility and affordability worldwide.

Final Product Specifications

Dispensing Accuracy
± 5% Error
* Syringe dependant error

Throughput
≥ 30 tubes/day
100 mL tubes over 8-hr window

Hands-On Time
≤ 5 min / batch
Down from 15–60 min manual

Material Waste
< 7% / cycle
vs. ~15% current manual process

Unit Cost
< $250
Actual BOM: $174.85 (69.9% of budget)

Service Life
> 2 years
5,000–10,000 use cycles

STAKEHOLDER-DRIVEN DESIGN INPUTS

Ease of Use (25%) — Mechanical, non-electronic operation preferred by Remedy 
operators
Sterility (20%) — All fluid-contact parts single-use to prevent cross-contamination
Dosing Accuracy (15%) — Replace eyeball weighing with metered volumetric 
dispensing
Waste Reduction (15%) — Target < 5–7% vs. current ~15% loss
Modularity — 500 mL–1 L batches, hot-swappable material flow lines

Project Milestones 
FALL 2025  ·  BME 417 SPRING 2026  ·  BME 490

DT1–2
Team formation, charter, project selection with 
Remedy

DT3
User research, stakeholder interviews, needs 
analysis

DT4
Concept iteration — 4 candidate transfer 
mechanisms

DT5
Final concept selection: Caulk-Gun hybrid (0.95 
score)

DT6–7
Initial technical models, product architecture, 
HOQ

DT8
DHF compilation, Bill of Materials, QSR analysis

DT1
PERT methodology, DMR framework, BME 490 
Team Plan

DT2
Design Controls SOP, verification strategy, FDR #3

DT3
DHR Deep Dive, P-001 & P-002 β-prototype builds

DT4
Regulatory classification — non-device 
manufacturing tool

DT5
Risk assessment, P-003 failure analysis, FDR #4, 
pitch

DT6
Economic analysis, P-004 metal lead-screw build, 
poster

Final Concept: Mechanical Press Extruder

0.95 / 1.00
Weighted design matrix score

Caulk-Gun / Lead-Screw Hybrid
Selected from 4 concepts evaluated against stakeholder-weighted criteria. Outperformed 
mechanical scoop (0.05), peristaltic pump (0.80), and straw design (0.70) in ease of use, 
sterility, and dosing accuracy while meeting the < $250 cost constraint.

High Throughput
Mechanical actuation optimized for viscous LSR 
reduces operator fatigue on this rate-limiting step.

Repeatable Flow
Metered doses with controlled pressure delivered 
directly to the receiving vessel.

Low-Cost Build
Standardized components and simple machining 
keep unit cost below $250 ($174.85 actual).

Hot-Swap Fluid Path
Replaceable piping and internal reservoir simplify 
material changes and maintenance.

Final Technical Model
Governed by Viscous Fluid Dynamics
Navier–Stokes and Hagen–Poiseuille equations frame the pressure, force, and flow-rate requirements for transferring LSR (μ ≈ 1,100 
Pa·s) through cylindrical reservoirs. Reynolds number in the 10⁻⁴ range confirms fully laminar flow, validating the steady-state 
laminar assumptions. Navier–Stokes and Hagen–Poiseuille models agreed within 0.3%. of instron testing

Fig. 1 — Instron testing and estimated force requirements

Fig. 2 — ΔP vs. nozzle 
diameter and volumetric 
flow rate; informed syringe 
and coupling sizing.

KEY RESULT: Key pressures under 106 pascals are feasible, the lower the better. Technical model can be used 
to estimate real result**

Prototype Evolution (Spring 2026)
Four Iterations, One Validated Failure Mode

P-001
Feb 2026

Proof of Concept
Initial 3D-printed motor + syringe mount housing. DC motor driving syringe plunger via threaded 
rod. Demonstrated basic feasibility of viscous transfer but lacked structural rigidity and 
alignment precision.

P-002
Feb 2026

Refined β-Prototype
Tighter tolerancing on syringe actuation modules. Stronger motor and revised CAD geometry 
improved alignment and structural stability — first formal analog to an 
engineering-change-order process.

P-003
Mar 2026

Validated Failure
Functional transfer of honey (LSR analog) up to 25 mL of 60 mL capacity. Motor shaft sheared 
from drive screw under viscous load — failure exactly matching Darcy–Weisbach force 
predictions. Confirmed model-driven redesign need.

P-004
Apr 2026

Current Build
Metal lead screw assembly and reinforced motor-to-shaft coupling replacing plastic hobby 
hardware. Designed to deliver the torque required for full-capacity LSR transfer while 
maintaining manual operability.

Mechanical Press Concept Rendering and Hand-Held Prototype 
Caulk-gun–inspired architecture: frame-mounted 
syringe reservoir, lead-screw actuation, 
hot-swappable fluid path. Form factor selected 
from concept-selection Fig. 4 (Product 
Architecture). For the purpose of V&V and piloting,  
a hand-held automated-caulk-gun was developed 
to simulate full-capacity LSR transfer without the 
full frame.

Verification & Validation of Prototypes
Risk-Informed Verification Strategy
Verification framework developed under Team 27's Design Controls SOP and Prototyping 
SOP. Each specification was stratified by risk — critical performance attributes tested 
experimentally; lower-risk attributes justified analytically or via supplier documentation.

Test Method Status

Leak integrity Gasket interface under load Pass

Aspiration smoothness Qualitative viscous-load observation Pass

Air inclusion Visual check during withdrawal Pass

Volumetric repeatability Per-stroke output measurement Qual. pass

Drive-train force Failure at 25 mL input (P-003) Redesigned

Navier–Stokes vs. H–P Cross-model comparison < 0.3% diff

Formal Design Reviews #3 and #4 completed (DT2, DT5). Review feedback shifted from major design changes to refinement and validation — indicating design 
convergence and symposium readiness.

Economic Impact Analysis
Value-Added Analysis (DT6)

>$1,600
Est. daily savings per line

>$400K
Projected annual value

< 1 day
Payback period

15% → 7%
Material waste reduction

60 → 15 min
Labor time per batch

$174.85
Prototype unit cost

Baseline: ~20 production batches/day × 15% waste × current LSR pricing → ~$2,500/day 
material loss at a single production line.
LiquiSil impact: Controlled volumetric dispensing reduces material waste to < 7% while 
cutting batch labor from 30–60 min to under 15 min. Validated by Remedy as having strong 
scalability potential in an industry setting based on our analysis.

Regulatory Status & Future Work
 Classification
LiquiSil is a non-patient-contact manufacturing process tool — not a medical device. Accordingly, FDA 
Class I/II/III pathways do not apply. Documentation is instead structured around 21 CFR 820 (Quality 
System Regulation) and ISO 13485 to mirror professional quality-system practices for equipment used in 
regulated manufacturing environments.

 Quality System Framework (Spring 2026)
QSR Deep Dive — Design controls, document controls, CAPA framework
DHR Deep Dive — Per-prototype Device History Records (P-001 → P-004)
DMR Deep Dive — Device Master Record aligned to 21 CFR 820.181
Design Controls SOP + Prototyping SOP — Traceability between inputs, outputs, and verification

Next Steps

1 Full-capacity LSR verification of P-004 drive-train on the intended Elastosil LR 3003/50 material

2 Volumetric repeatability and leak-integrity testing against quantitative acceptance criteria

3 Cleanability and single-use fluid-path validation to support ISO 14644 cleanroom compatibility

4 Final technical-model refinement incorporating P-003 failure data and updated force margins

5 Design-transfer handoff and scalability assessment with Remedy Medical Manufacturing
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21 CFR 820 · ISO 13485 · ISO 14644 Cleanroom · ISO 10993-18 · ISO 10012 

15%
material waste per batch

$2,500
lost per day to waste

FMEA average residual RPN < 50 confirmed acceptable risk profile.

QSR DHR DHF DC SOP Prototype SOP Regulation


