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Tolerance Analysis and Design of Refrigerator Door System for Functional and

Aesthetic Quality of Gap and Flush
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The central seam, the vertical ‘line’ between doors, in the front view of a refrigerator must have its
gap and flush within certain ranges to meet functional and aesthetic requirements. The
conventional criteria for gap and flush control in the industry are to keep the gap and flush within
certain ranges at each of various points along the seam. For aesthetics, however, the uniformity
of the gap is also as important because a ‘tapered’ seam is negatively perceived by human eyes.
This paper shows a case study of tolerance design for a refrigerator door system. It presents a
step-by-step procedure, which consists of datum flow chain analysis, identification of assembly
features, computer modeling of feature tolerances, assembly operations and measurements,
tolerance simulation, and tolerance adjustments based on the simulation results. It is found that
extra care may need to be used to satisfy the aesthetical criterion for gap uniformity.
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6, =angle between two normal vectors to the side (seam-
forming) planes of the left-hand and the home-bar
doors

0, =angle between two normal vectors to the side (seam-
forming) planes of the left-hand and right-hand doors

¢ = standard deviation
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Fig. 1 CAD model of refrigerator assembly
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Fig. 2 Parts (a) of left-hand side, and (b) of right-hand
side of the refrigerator model

Hinge_LL

Table 1 Assembly sequence assumed

Sequence Object Target
1 Hinge LL Frame
2 Door L Hinge LL
3 Hinge LU Door L
4 Hinge RL Frame
5 Door R Hinge RL
6 Hinge RU Door R
7 Hinge HB L Door R
8 Door HB Hinge HB L
9 Hinge HB_U Door_ HB
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Fig. 3 Datum flow chain for the refrigerator model
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Table 2 Constraining and constrained assembly features

and number of constrained degrees of freedom

Constraining Constrained
# DOF
Part Feature Part Feature
Plane Plane 3
1 bott
2( ;)f)n) s Hinge LU (bottom)
(on top plane) 2 holes 3
Frame Plane Plane 3
(b;ttf)m) Hinge LL (top)
pins
(on bottom plane) 2 holes 3
Point Point
(left door lock) Door_L (door hook) !
Hinge LU Pin Door L Hole 2
(upper)
Pin Door L Hole 2
. - (lower)
Hinge LL ,
Point Door L Plane 1
(vertical stopper) - (bottom)

Table 3 Tolerances imposed on selected features

Part Feature TOlt;r;l:CG vz(l)ll:e:ré[irxﬁ] Datum
Size +0.1
Hinge LL 2 holes Pos 0.2 AB|C
Perp 0.1 A
Size +0.1
Hinge LU 2 holes Pos 0.2 AB|C
Perp 0.1 A
Size +0.1
Hinge RL 2 holes Pos 0.2 AB|C
Perp 0.1 A
Size +0.1
Hinge RU 2 holes Pos 0.2 AB|C
Perp 0.1 A
5 lots (£ Size +0.1
- Hinsg:j;(lgL, Pos 0.1 ABIC
- Ang 0.0 AB|C
2 points Pos 1.0 AB|C
Size +0.1
2 holes Pos 0.2 AB|C
Door_HB
- Ang 0.1 AB|C
1 point Pos 1.0 AB|C
Door L 1 point Pos 1.0 AB|C
Frame 2 points Pos 1.0 AB|C
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Table 4 Measurements for initial tolerances

Table 5 Tolerances contributing to variance of

Estimated range | Specification limit maximum flush
Measurement 5 o
[mm or °] [mm or °] Part Feature Tolerance | % contribution
Max gap 7.460 ~ 9.039 <9.0 Frame | Lock L | Position 1.0 20.5
Min gap 7.011 ~ 8.577 >7.0 Door L | Hook L | Position 1.0 20.5
Max flush -0.9064 ~ 1.298 <1.0 Frame Lock R | Position 1.0 20.5
Min flush -1.468 ~ 0.8529 >-1.0 Door R | Hook R | Position 1.0 20.5
0, 179.934 ~ 180.067 Door R Lock Position 1.0 6.0
179.95 ~ 180.05 -
0, 179.959 ~ 180.042 Door HB Hook Position 1.0 6.0
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Table 6 Tolerances contributing to variance of 6,

Part Feature | Tolerance | % contribution
Door HB Holes Float 37.7
Hinge LL Holes Float 8.8
Hinge HB L | Tabs Float 6.9
Hinge LU Holes Float 52
Hinge RU Holes Float 5.2
Hinge RL Holes Float 4.3

Table 7 Measurements for adjusted tolerances

Estimated range | Specification limit
Measurement
[mm or °] [mm or °]

Max gap 7.402 ~ 8.985 <9.0
Min gap 7.035 ~ 8.566 >7.0
Max flush | -0.5338 ~0.8398 <1.0
Min flush -0.9807 ~ 0.5051 >-1.0

0 179.941 ~ 180.061

: 179.95 ~ 180.05
O 179.959 ~ 180.042

Ag 67 2o AAEE EF 1.0 mmolA 0.6 mm
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Table 8 Tolerances contributing to variance of angle 6,
after first adjustment of tolerances

Part Feature | Tolerance | % contribution
Door HB Holes Float 23.8
Hinge LL Holes Float 10.8

Hinge HB L | Tabs Float 8.6
Hinge LU | Holes Float 6.5
Hinge RU | Holes Float 6.5
Hinge RL Holes Float 5.3
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3 QQen oF Fo|7] g HFT FTA 2AHES
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Table 9 Measurements for finalized tolerances

Estimated range | Specification limit
Measurement [mm or °] [mm or °]
Max gap 7.572 ~ 8.807 <9.0
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