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Description
My sub-assembly of choice is the buckle system used in our final 
concept Pram-Car Seat combo, which can be described briefly as the 
harnessing mechanism/junction to connect all three belts. The 
sub-assembly will feature a similar design to a seatbelt mechanism 
that you will find attached to the seats of every car. It consists of a two 
or three part (depending on the outcome of the subsequent design 
process) female-to-male connection – one in which provides the 
anchor for the other. It can be attached or released with little effort and 
will provide sufficient retention for the 0-3 year old in the carrier and 
comply to all health and safety regulations applicable to this type of 
assembly. My exploration in form and specification is journalled in the 
following pages, thanks for viewing and please enjoy.
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Concept 1 (shown in the top left) was chosen to 
be the final concept after a series of concept 
evaluation processes - the evaluative techniques 
consisted of a Controlled Convergence Matrix 
(CCM) and Weighting & Rating Matrix (W&R).

Successful concept

Final Concepts
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Product Design Specification
1.0 - Function/Performance

1.1 - Subsystem must perform all of its functions under normal/average use daily, lasting 5+ 
years.
1.2 - Performance of buckle must match or exceed competitors’ buckles in the current 
marketplace.
1.3 - Subsystem must protect a child from ages 0-3.
1.4 - The sub-system must be able to withstand forces familiar to a 0-3 year child of maximum 
mass 20kg, therefore (20 x 9.8) 196 Newtons of force.

2.0 - Environment

2.1 - Subsystem must perform all of its functions in weather native to western Europe and under 
any typical conditions - Spring through Winter - that users are exposed to.
2.2 - Subsystem cannot corrode or erode.
2.3 – Subsystem cannot allow the ingress of water or sand.

3.0 - Product Life Span

3.1 - Subsystem must last 5+ years, equal to the life-cycle of the pram.
3.2 - Subsystem must be at least 80% recyclable, achieved through the use of recyclable 
materials, and could potentially make use Post Consumer Recycyled (PCR).
3.3 - Subsystem must only make use of essential parts.

4.0 - Installation & Maintenance

4.1 - Maintenance will be minimised where possible, with the use of durable materials.
4.2 - Maintenance will only be required when the sub-assembly has passed its life span (ref 3.1) 
or when the product has been used incorrectly (mishandling, outwith-limits usages).
4.3 - Necessary maintenance can be carried out with tools included in the product’s (Mülti Pram) 
packaging and adherence to manuals available online and in packaging.
4.4 - Subsystem will be designed and manufactured with as few moving parts as possible.

5.0 - Target Product Cost

5.1 - Target product cost is determined by raw materials, labour & manufacturing and overhead 
costs.
5.3 - Maximum sub-system cost will be under £3.

6.0 - Competition

6.1 - Competition will be one of the considering factors when determining the cost of the 
sub-system.
6.2 - Product will be of the highest quality and hence will be influenced less by its competition.

7.0 - Packing

7.1 - Sub-system will not influence the maximum dimensions of the pram, folded.
7.2 - Sub-system will remain anchored to one of the three belts at all times, packed or 
unpacked. The other two belts will be joined and inserted to the buckle when in use.  

8.0 - Quantity
 
8.1 – Will be manufactured alongside the product and hence determined by its performance 
in the market. Initial batch = 1000 pieces.

9.0 - Manufacturing Facility

9.1 Must be able to make parts efficiently at large scale.
 9.1.1- Cost efficient
  9.1.1.1- Switch off lights when not in use.
  9.1.1.2- Switch off electricity and/or machinery when not in use.
  9.1.1.3- Minimise repetition of resources.
 9.1.2- Minimal wastage.
  9.1.2.1- Wastage to be reused in manufacturing process where possible and/   
  or disposed of as environmentally friendly as possible.
9.2- Must have quality assurance checks at key stages of the manufacturing process.
9.3- Distance between manufacturing facilities must be minimised to keep carbon footprint 
and overhead costs low.

10.0 - Size

10.1 - Must be designed to suit the 50th percentile of children aged 0-3 years.
10.2 - Dimensions of sub-assembly is 90x60x30 (LxBxH in mm).

11.0 - Weight

11.1 – Will be less than 300g.
11.2 - Must be as lightweight, and sturdy, as possible.

12.0 - Aesthetics

12.1 - The product must have rounded edges to appear safer.
12.2 - The sub-assembly must match the product’s aesthetic, as well as the brand’s ethos.
12.3 - The product must have smooth, comfortable textures to convey a safe, luxurious 
product. 
12.4 - The subsystem will feature subtle and modest branding.

13.0 - Materials

13.1 - The product must have lightweight materials so as to not contribute too much to the overall 
weight of the product.
13.2 - The mechanism’s restraint mechanism must be more than strong enough to resist the 
tensional forces of the three belts. 
13.3 - The materials must be safe to touch and should feel comfortable to both the child and 
parent. 
13.4 - The materials must be available in bulk and must be available in the long run as the product 
is going to be mass produced.
13.5 - The material must have good thermal qualities to withstand temperature changes e.g. in 
cold winters and in warm summers.
13.6 - The materials must have good chemical resistance and mustn’t corrode etc. 
13.7- The material must have good toughness qualities in order to withstand the forces of the 
child as a consequence of braking, as well as accidental hits (e.g. if the child steps on the buckle 
it mustn’t fracture etc.). 

14.0 - Costing

14.1 - The Subsystem’s cost must not exceed £3.
14.2 - The total cost will be determined by the total cost of each part’s material + the processing 
required to make the part specific to CAD drawings. 

15.0 - Standards

15.1 - The product must adhere to the standards similar to seatbelt standards. 
15.2 - Sub-assembly must go above and beyond the standards required of the sub-assembly so 
as to maximise the safety of the buckle.

16.0 - Ergonomics

16.1 - The Subsystem’s buckle will not intrude on the child, nor his or hers comfort.
16.2 - The buckle must be difficult for the child to undo by his or herself so as prevent the child 
from becoming unbuckled whilst driving or being pushed in pushchair mode.
16.3  - Buckle must be easy for the parent/guardian to undo.
16.4 - Buckle must be easy to hold and grasp for an average adult. 

17.0 - Quality and Reliability

17.1 - Every part should stay fixed in position while in use.
17.2 - No part should break unless mishandled.
17.3 - Materials will naturally become scratched, since materials used are constrained by budget.

18.0 - Processes

18.1 - Mass production for sub-assembly.
18.2 - Sub-assembly will make use of injection moulding, Cold Coiling and Cold Forging.

19.0 - Safety

19.1 - No gaps where children’s fingers can get caught.
19.2 - No sharp edges.
19.3 - Child is restrained in a three-point harness; two points over the shoulder and one 
through the legs. Combining through the buckle.

20.0 - Company constraints

20.1 - New company therefore no brand reputation is formed with the consumers.
20.2 - No experience in manufacturing a pushchair / car seat.

21.0 Market Constraints

21.1 - Market in developed countries could be limited due to;
       21.1.1 - ageing population,
       21.1.2 - more of a focus on one’s career, versus family orientation.
21.2 - Established brands could pose a threat.
21.3 - Large variety of existing products and patents to avoid.

22.0 - Patents

22.1 - Existing patents could limit design opportunities.
22.2 - Intellectual property licensing is required, in order to prevent copies. 

23.0 - Testing 

23.1 – Sub-assembly’s structure must be stress-tested to simulate real world use to pick up 
on any weaknesses.
23.2 - Mechanisms should be tested for error rate and ease of use.
23.3 - Products should be tested with consumers before release.
23.4 - Ergonomics should be tested for varying size/height of adult users.

24.0 - Legal

24.1 - Safety issues should be highlighted during the testing and design phase.
24.2 - Research into legal issues regarding branding and copyrights.
24.3 - Existing design patents should be made aware of and avoided.

25.0 - Documentation

25.1 - Instructions for assembly and disassembly will be easy to understand and follow.
25.2 - Instructions will be available in a range of languages.
25.3 - Safety for use should be included within box, including choking hazards.
25.5 - Company contact information will be included within the documentation.
25.6 - Instructions for product/sub-assembly disposal should be included within 
documentation.
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Front Enclosure Back Enclosure

Belt Lock Belt Receiver

Purpose: The front enclosure is the 
housing responsible for containing the 
button and attaching to the Back 
Enclosure to form a case for the 
sub-assembly’s mechanism.

Part Size: The part is sized similarly to 
other buckles and for that reason, it is 
ideal for adults of all size to operate.

Part Material: The part’s material of choice is ABS, this is because ABS excels in 
rigidity and high strength, it also has exceptional thermal and electrical 
resistance.

Part Process: The part’s process utilises Injection Moulding, for a high quantity 
demand, injection moulding is cheapest in the long run. Quality is high and time 
low.

Purpose: The Belt Lock retains the 
belt’s metal buckle when in the child 
seat’s buckle. This provides the main 
interface between the two buckles.

Part Size: The part is sized to fill the 
remaining space in the buckle’s housing 
and retain the metal buckle as best as 
possible. This affords a more secure 
lock.

Part Material: The part’s material of choice is High Impact Polystyrene (HIPS). Its 
high-impact properties prevent the part from shearing with the pulling force from 
the belt lock.

Part Process: For simple solid parts, Injection Moulding allows for low cost 
(given high quantity) processing. Rotational moulding was considered for its low 
cost at mass prod. quantity, but it was decided to make the part solid (not hollow. 
Injection moulding was better for this reason. 

Purpose: The back enclosure houses 
the base / spring guide in which the 
mechanism attaches to. This also 
attaches to the front enclosure to form 

the case for the sub-assembly.

Part Size: Sized to fit the standard seat 
belt buckle. The size is also minimised 

so as to not affect the child’s chest.

Part Material: The material of choice is the same as the front enclosure, ABS. It 
excels in rigidity and high strength, it also has exceptional thermal and electrical 

resistance.

Part Process: Similar to front enclosure, for mass prod. Injection Moulding is the 
best option. Quality is high given the quick processing. Vacuum forming was an 
option for both enclosure parts, but injection allows better detail and undercuts.

Purpose: The belt retainer attaches to 
the dia. 3mm springs and guides the 
metal belt buckle into the sub-assembly 

and allows it to bottom out.

Part Size: The part’s size is based on the 
width of the belt’s metal buckle and 
channels in which the springs fit. It was 
also designed as narrow as possible, to 

minimise tensional forces. 

Part Material: The material of choice is High Impact Polystyrene (HIPS). Its 
high-impact properties (7x greater than GPPS) prevent the part from wearing 

after tens of thousands of interactions with the bottom face of the belt. 

Part Process: Similar to the belt lock, Injection Moulding allows for low cost 
(given high quantity) processing. Polymer casting was also considered This 
moderate cost plastic casting process is however more appropriate for lower 

quantity production due to its high set-up, as well as production, cost. 

90x60mm 90x60mm

35x55mm 3x32mm
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Base / Spring Housing Dia. 3mm Spring

Cantilever Spring

Purpose: The Base provides the 
housing for the springs and hence the 
main structural component of the 
mechanism. It allows the buckle to 
perform its function.

Part Size: The part is sized to 
interference fit in the back enclosure to 
provide an effective anchor for the 
mechanism to work.

Part Material: The part’s material of choice is ABS, it’s high strength and 
durability aid in its dimensional accuracy, and proves great as a base component.

Part Process: For a high quantity demand, Injection Moulding is the cheapest 
option in the long run. Quality is high and production time is low. This process is 
also used thoroughly in this sub-assembly, and so it is more economical.

Purpose: This Cantilever Spring allows 
the Belt Lock to rest in its normal 
position, and provides the friction force 
for the buckle to operate.

Part Size: The part is sized to fit 
between the back enclosure and the 
belt lock. Thickness is determined by 
spring’s motion. 

Part Material: The part’s material of 
choice is Stainless Steel. Its high strength and low weight (given size of part) 
provides perfect characteristic for mechanism springs.

Part Process: Cold forging is popular for bending metals of small size and 
thickness, appropriate for this spring. This method is use throughout the 
industry, so it’s cheap and common. Hot bending was also considered, however 
this require more energy (similar to the other spring). So cold bending is more 
cost-efficient and environmental.

Purpose: The two 3mm springs store 
the work energy of the system. The 
springs allow the Belt Receiver to return 
to its original position, ready for the next 

use.  

Part Size: Sized to close clearance fit 
the channels in the Spring Housing and 
coil down to fit the full metal belt buckle. 

Part Material: The material of choice is Stainless Steel, due to its through use in 
the industry, it’s very cheap. Its low weight (given size of part) and high strength 

provides perfect characteristic for mechanism springs.

Part Process: Cold Winding is preferred for small diameter springs and can be 
produced high quantity/quality for low cost. Hot winding was considered for its 
alleviation of stress, but this requires more energy and budget to accommodate. 

Button
Purpose: The purpose of the button is 
to activate the mechanism and fill the 

remaining space in the front enclosure.  

Part Size: Sized to close clearance fit 
the front enclosure and the remaining 
space between the front enclosure and 
belt lock. So as to prevent accidental 

presses. 

Part Material: The material of choice is 
ABS, since this material is used 

throughout the remainder of the assembly. This will lower costs and allow the 
sub-assembly to be easier recycled.

Part Process: This part - like the rest of the assembly - uses Injection Moulding 
to streamline the production of the sub-assembly. This lowers the carbon 
footprint of the production by limiting manufacturing facilities used and hence 

distance travelled.  

84x54mm Dia.  3mm

20x9mm 64x48mm
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Manufacturing Costing
Materials ProcessesCost (£) Cost (£)

ABS
(£1.53/kg)

Injection Moulding
(£2.08/Per assembly)

Cold Coiling
(£0.12/Per assembly)

Cold Forging
(£1.15/Per kg)

HIPS
(£1.23/Kg)

Stainless Steel
(£3.07/Kg)

Front Enclosure (0.027kg)

Back Enclosure (0.02kg)

Spring Housing (0.013kg)

Button (0.0184kg)

Belt Lock (0.002kg)

Belt Receiver(0.0005kg)

Dia. 3mm Spring (x2) 
(0.0003kg)

Cantilever Spring (x2) 
(0.058kg)

0.04

0.03

0.02

0.03

0.002

0.0006

0.0008

0.018

2.08

0.12

0.0066

Processing TotalMaterials Total £0.1414 £2.21

£2.35Materials Total + Processing Total = Total Manufac. Cost  

Costing of the Sub-Assembly was determined by the 
materials and processes stated on pages 6 & 7.  The 

specific materials and processes were chosen for their 
thorough use in the industry combined with their 

strength and durability. As well as their ability to be 
recycled, this was important to me for designing and 

manufacturing a low carbon footprint, and sustainable 
design. The costs of each material and process have 

been referenced and stated on page 11 of this folio. 

For the start-up quantity of 1000 pieces, total 
manufacturing cost = £2,350.
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Mechanism & Forces

1. Button is compressed 
making immediate contact
with the belt lock (ref. 
exploded diagram on 
page 10 for part 
geometries).

2. Button lock pushes 
against cantilever spring
and then releases the Belt 
Receiver, uncoiling the Dia.
3mm Springs from their 
compression.

3. The Belt Receiver
now returns to the 
springs’ rest positions 
as the belt buckle
is removed.

Shown in the middle of the page is the static stress diagram,  where I 
have applied a Uniformly Distributed Load (UDL) of 30N on the top of 
the button. A von Mises chart with colours co-ordinated to the model 
represents the stress (N/m2). The model shows mild stress from blue 

to green. 

FL = 30N
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Title Material Qty. Manufacture

Front Enclosure

Back Enclosure

Belt Lock

Belt Receiver

Base / Spring Hous.

Dia. 3mm Spring

Cantilever Spring

Button

Injection Moulding

Injection Moulding

Injection Moulding

Injection Moulding

Injection Moulding

Cold Coiling

Cold Bending

Injection Moulding

ABS

ABS

HIPS

HIPS

ABS

Stainless Steel

Stainless Steel

ABS

Exploded
View
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