

Reviewer(s)' Comments to Author:

Reviewer: 1
Comments to the Author
This is a very excellent review of the kinematic replication field and summ=ry of the history and accomplishments of the RepRap project.  There=99s the same exciting feel as in the earliest days in the PC industry back=in the late 1970s, when Radio Shack and others started selling the first a=semble-it-yourself home computers.  I enthusiastically recommend this pape= for publication in Robotica.
We are, of course, grateful for this comment.

I didn’t see a statement of the estimated lifetime of a typical mac=ine, e.g., how many hours you can get out of key parts, such as a head, be=ore it must be replaced;  nor did I see a statement of the smallest attain=ble feature size on product objects that can be fabricated (this is differ=nt from the raw positioning accuracy, which is stated to be 0.1 mm).  Addi=g these two bits of information to the text would improve the paper, but a=e not critical.

We have added: “We have not gathered reliability statistics on the machine as yet (it is very easy to make spare parts, so repair is not a problem), but a Mendel machine will typically run for several hundred hours without going wrong, though it may need occasional fine adjustments (for example to the bed height zero position, or the filament pinch drive mechanism) in that time.”
“With the 0.5mm nozzle the smallest feature that we have produced (gear teeth) are about 1.5 mm in size.”


I could find only one minor factual error:  on the last line of page 6, =80Reproducing Concepts Team” should be corrected to “Re=licating Systems Concepts Team”, which was the actual name of the =roup in this study.
Corrected.


Reviewer: 2
Comments to the Author
I found this to be a very interesting, well written narrative of the rep-ra= project. However, therin lies my greatest objection - that this reads lik= a narrative or a progress report more than a scientific paper. I think mu=h of the content is relevant, but it would benefit readers to reorganize t=e paper from section 3 onwards to stress what the "result" is. Describe th= working, replicating printer clearly, in all its details, and fill in his=ory, variations, and some future directions in separate sections to the ex=ent it enlightens the reader.
We can understand the reviewer’s point, but we don’t wish to sacrifice the flowing narrative style that the reviewer praises in order to fit the formality of one particular traditional structure.  We contend that readability is more important than form, as long as accuracy is not lost.  And the presented facts are all there.

In addition the “result” is, by the very nature of the RepRap project, work in progress and would always be so.

The reviewer is correct that we have not given our intentions as far as future directions of the project are concerned.  We should have pointed out that we are not really the people who will decide this, so we have added:

“The reader will note that this paper contains no details of the future direction of the RepRap project.  The reason for this is that the author’s are no longer in control of it (if they ever were).  They will contribute to future developments, but increasingly those developments come from the many people in the RepRap community, and what they will do is well-nigh impossible to predict.”


 
Specific comments: 
-Since you do not give an exact definition of "raw" materials, it would be =seful background to present the physical systems that have been demonstrat=d reproducing, albeit with varying levels of "raw" materials. IE Zykov et =l at Cornell in addition to Chirikjian (JHU) whom your reference elsewhere= 
We have added: “In 2005 Zykov et al. made a system consisting of cubes split along a diagonal where each half-cube can rotate relative to the other in that split plane.  The cube faces are fitted with electromagnets.  Stacks and other arrangements of these can be made to reproduce themselves if fed with a supply of similar active cubes, with the stack acting as a robot arm when the split faces rotate. [9]”


-Although an interesting philosophical read, much of section 2 ("the genesi= of RepRap") seemed tangential to the results presented here. I would stro=gly suggest (but not require) that this section be distilled to its core i=eas.
We would contend that this section is central.  In particular, the genesis of RepRap as a biomimetic copy of the mutualist ESS between the flowers and insects is turning out increasingly to describe how it actually behaves in the world.  Also, Reviewer 3 explicitly praises this idea and this section. As Reviewer 2 does not insist that we distill this, and another reviewer likes it, we prefer to keep it in, especially as Reviewer 2 also considers it “interesting” – it would seem perverse to reduce something interesting in a paper.

-A functional diagram would be helpful along with Fig 4.
We have added such a diagram.

-Awkward to references authors within the paper, ie "... one of us (VO) cam= up with a..."
Changed to full names throughout.

-Replace hand-drawn sketch with a clear, computer-generated diagram. (Fig 5= 
We think that the diagram is perfectly clear (the sketch alone was all the information needed for one of us - not its author - to build the device).  And the fact that it is the original hand-drawn sketch is much more interesting than a sterile computer-generated diagram.

- Fig 7: functional diagram would be helpful in addition to one exterior vi=w. Actual picture would be worlds better than a Solidworks screenshot.
Screenshot replaced with photograph.  Functional diagram added.

-"Unlike commercial machines, RepRap also allows interiors to be built full= dense." Incorrect. All major vendors I am familiar with (Stratasys, ZCorp= Objet, all laser sintering systems, etc) have this option, if not require=ent. You may be speaking of the fact that stratasys leaves micro-voids eve= when set to print dense, but after the previous sentence comparing "dense= to "honeycomb" this is very confusing/misleading.
Changed to: “Unlike commercial fused-filament fabrication machines (which leave micro-voids on their densest setting), RepRap also allows interiors to be built fully-dense.”  

-In mentioning  the FaH project, your comment "(this project, incidentally,=was inspired by RepRap)" should be referenced if you wish to assert this. =quick survey of the FaH site you include as your reference doesn't verify =his...)
Reference changed to Malone & Lipson’s FaH paper from MCPC 2007, which says (inter alia): "Our project has been inspired by the open-source approach employed by Bowyer’s RepRap Project ... toward the goal of developing self-replicating fabbers." 

-One could easily argue that the build precision of your child machines com=s from the positioning system, not the parts produced by the parent machin=. Please address in your discussion - IE where you call it "self replicati=g" by your definition.

We have added: ”However, its accuracy does, of course, depend upon the measurements made to achieve the adjustments just mentioned; and the measuring instruments (typically digital callipers) are – like the motors and so on – external to the machine.  It would doubtless be possible to set up a calibration scheme depending on light interference or similar that could be part of the RepRap itself.  But this would be a heroic effort to overcome a simple externality and, as we shall show in the next paragraph, RepRap has many of those.”

In summary, I believe this is valuable information that should be definitel= published, but a reader should have a stronger sense of "arrival" at a re=ult than I get from reading this paper. Some relatively deep re-organizing=is in order, but will (I believe) result in a much stronger paper.
As this is a minority opinion (neither of the other two reviewers request “deep re-organizing”) we have corrected and enhanced the text according to all this reviewer’s detailed comments.

Reviewer: 3
Comments to the Author
This paper is very interesting and useful to the engineering practitioner i=terested in producing a self-reproducing machine that is also capable of f=bricating other useful engineering artifacts. The establishment of a clear=lexicon around self-reproduction is particularly useful for categorizing e=isting attempts at self-reproducing kinematic machines. Additionally, the =iomimetic approach provides an excellent justification for the design of t=e RepRap as a kinematic assisted self-replication self-manufacturing machi=e. 
We are, of course, grateful for this comment also.

To strengthen the paper it would be helpful to more clearly place the RepRa= in the broader ecosystem of personal fabrication robots (both self-replic=ting and otherwise). For example, the MakerBot and Fab@Home projects are m=ntioned as RepStraps, but it would be nice to have an overview of how thei= capabilities compare to or complement the RepRap's. 
We have added: “The Fab@Home machine is laser-cut, as are the Bits from Bytes and MakerBot machines.  Fab@Home works primarily with a variety of pastes (including UV-setting resin), though a thermoplastic extrusion head has also been developed for it.  The Bits from Bytes machine is almost identical in size and capability to RepRap I “Darwin”.  The MakerBot machine is smaller than Darwin, but is about the same size as RepRap II “Mendel” (see below), though with a smaller build area.  Both these commercial machines tend to be used with ABS, though some of their users also build with PLA.  Both the Bits from Bytes and the MakerBot machines can make all the parts for RepRap.  We have heard no reports of this having been done with a Fab@Home, though there seems to be no technical impediment to its happening.”


Secondly, while the hardware design evolution is covered in-depth, the soft=are is ignored entirely. An overview of the control software, particularly=slicing and filling algorithms would be illuminating. For example, the pap=r mentions that the internal density of the part can be adjusted over a wi=e range. One challenge for any solid free form machine is the production o= thin-walled parts. Though arbitrary part fabrication is clearly not the p=imary goal of RepRap, it would be useful to describe its limitations in th=t regard. Also of interest are open source design tools. Are any design to=ls included as part of the RepRap kit, or does the system simply except an= standard part representations like STL, depending on the user to provide =he tools for designing parts?
We have added a new section (Section 6) describing the software.

