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Background Objectives Selected Design ROI

The key chemical attributes that * Propose equation for vat sequencing Part 1: Vat Resequencing Original Sequence New Sequence « $0.03 saved per every extra pound of
characterize cheese quality are pH, salt, » Determine performance » Currently vats pumped over cheese produced
and moisture. Maintaining these improvements one side at a time - & . > « Lower bound budget of $300,000
attributes within an optimal range Is « Optimize cheese throughput « Team proposes vats running 5nd th 3rd At « Upper bound budget of $500,000
essential to product. consistency. - Produce cheese yield per vat, 11-13% sequentially b $0.03
Challenges at the Tillamook Boardman . . Modifications to the system 3rd th Sth 6th Total Money Saved = 3,162,000 — x —
plant exist in the pump over operation Constraints are required to do this ~ $100,000 per year b
that causes inconsistencies in curd feed Ath gth th gth ’
rates leading to varying bed heights. Vat Pipe Payback Period = 3 - 5 years
|deally, the bed height would be a single Budget < $500,000 Figure 4: Vat sequencings
value with minimal variability. Curd Bed Height |6 — 7.5 inches part 2: Vat Overlap Send rones » Next Steps
Once milk sets, Port to test consistency and vat Fill Time 33 — 35 minutes * Periods where there are no E E Vat 2 E i vat3 i i Based off the ROl evaluation, the team
[;?ff‘ 33%2 ades flush out residual curds gpoeceezzMaking No change curds being pumped Vat 1 i i i E i i can confidently recommend moving
abor No additona + Resequencing allows for vats - | - | - : forwarld with the selecteq solution
_ — to be overlapped Time (min) including: vat resequencing, vat overlap,
Maintenance No additional . Next vat is started before the Overlaps and a stepwise equation. Further

optimization is recommended for the

previous vat ends (Fig 5) L
i stepwise function including quality

Design Alternatives

oxit v + Results In reduction of deac testing and a trial production run
Z):; \;itter New Equation: period and therefore ideal bed g P -
Cheddar  Two new equations for each phase height Time (min)

Master Figure 5: Vat overlap timeline Ta keaways

 Fit new models to data .
 Total Cheese Yield Increase of 4%

 Accounts for different ratios of curds Part 3: Stepwise Equation 70 .
. . . « Payback Period of 3-5 years
Figure 1: One of eight vats that pumps and whey during a vat * Current process uses a °0 T ; Ut
over curds to the Cheddar Master Double Feedback Loop: continuous curve modeled for 50 e [eam recommends solution

P
O

physiochemical properties » Optimization recommended for
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' « Use the weight and bed height 0 . .
’ in tandem * A stepwise function was stepwise equation
________________ e q—r  —— sensors in tan .
_ ﬂl.'l'r,,r Jﬁf‘n‘q"ufl.-'"w'ﬁfl ||,|‘|| iwlll"'r.,f'.fﬁmﬁﬁll'-'l?ﬁll'."'.; "I"-J'i’h Y ﬁ?ﬂm‘h . "’l. - | t S needed to control the vat jz Start Middle End
= | "W e "W » Two inputs communicate to ensure a
= |y : | o inputs com squBNCo overiap 0 Acknowledgements
) Stabie be elg 0 2 3 5 7 8 1012 13 1517 18 20 22 23 25 27 28 30 32 33 35 The team WOUId I|ke tO extend 3 huge
I ° ime (min
o Vat Overlap & Stepwise Equation: An average pump speed was et hank C dra Edward
: taken every 3 minutes Figure 6: Pump speed stepwise graph thani you to Lassaundra Eawards,
0 | | * QOverlap start and ends g - psp p grap Danton Batty, Jiyoon Yi, Bahar
Time (min) + Pump vats in sequential order D v Caleulats Porf Aliakbarian, Luke Reese and Sanghyup
Figure 2: Curd bed height over time . .
9t with igeal bed hle?ght (\i) | » Cuts transition time between vats ensi y alcuiation errormance Jeong
» Paired with a stepwise pump speed Improvements Standards Ref
Curds enter the Cheddar equation Belt# |Mass (Ib) | . L andaras rererences
Master through two pumps i Aszumdpzogsr'] s 7 i b Food and Drug Administration (2022). Dairy grade
° urd pea heigntis /7 Inches A voluntary HACCP. Hazard Analysis Critical
L ds start t :
00Se curds start 1o 1 2,200 63,000 0.037 . 0.2% increase in moisture content in Contro_l Poyv_t. https://www._fda.gov/food_/hazard-
Curds come together @ T %ag, S0, coagulate together curds analysis-critical-control-point-haccp/dairy-
to form a mat ¥ 0 0 U U 2 7,100] 206,640 0.036 grade-voluntary-haccp
m | Food and Drug Administration (2023a, June).
\\ _l ;_j ‘—"m'; 3 7,300 201,600 0.038 Current Cheese Yield = 78 000 000 E Food for human consumption. Code of federal
) P = IR yr requlations title 21, 3(1B), part 111 &
1 9 o e ! . b 184. https://www.accessdata.fda.gov/scripts/cd
| f+ ———— MaSS FIOW caICUIatIOn Performance Increase Yield = 81,000,000 yr rh/cfdocs/cfcfr/cfrsearch.cfm?fr=184.1979
( } 0 ! 0 | ! . Food and Drug Administration (2023b,
' : : : — 10 September). Rules and Guidance for
— Curds exit fhe Projected mass flow: Total New Yield = 81,162,000 yr industry related to the FDA Food Safety
m m Cheddar Master Y Volume “n” belt x Density "n" belt b Modernization Act (FSMA). FSMA rules
J : Total Yield Increase = 3,162,000 — & guidance for industry.
4 - L“ LLF \ Vats in CM yr https://www.fda.gov/food/food-safety-
_ ization-act-f fsma-rules-gui -
Figure 3: The Cheddar Master, a three-tiered conveyor system that = 4% increase mgs:{r@ﬁ}:gg act-fsmafsma-rules-guidance
— 0

separates curds and whey
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