
Introduction 
 

Basically a drafting machine is a device for constructing a line of predetermined length either through a single point at a 
predetermined angle with respect to some base line, or, alternatively, through a pair of predetermined points. Thus there are only 
three operations with which the draftsman must contend in normal operation of his machine: (1) parallel motion, (2) base-line 
setting, and (3) angle setting. VEMCO standard-size machines with either Standard (Models 2100 and 4100) or Civil Engineer's 
(Models 3100 and 5100) heads, as well as VEMCO compact-size machines (Model 3300 and 3500) achieve parallel motion with 
a band-and-pulley linkage from the clamp to the head, VEMCO V-Track drafting machines accomplish this purpose with two 
carriages moving in mutually perpendicular tracks. For information on these machines, please request brochure. 
 
This booklet describes the installation, operation and adjustments of the VEMCO Models 2100, 4100, 3100, 5100, 3300 and 
3500. The 2100 and 4100 are identical except that the latter is equipped with VERSATILT counterpoise, a spring counterpoise 
for use on tables inclined up to 25 degrees. The 3100 and 5100 models are, respectively, the same as the 2100 and 4100 except 
that they have protractor heads, which are especially suitable for civil engineering work and are, therefore, called Civil Engineer's 
machines. The 3300 and 3500 are smaller (and less expensive) machines, which, however, are built to the same standards of 
precision as the larger 2100. It also has a brake at the clamp and is thus suitable for use on horizontal, or boards inclined up to 
ten degrees. 
Unless one is already familiar with the operation of VEMCO elbow-type drafting machines, the user should read the sections of 
this booklet entitled "Preparation for Use" and "Operation." The sections on "Adjustments" and "Maintenance and Repairs" deal 
with adjustments that, if the machine is treated with care will arise very infrequently. Although the illustrations in this booklet were 
prepared showing the 2100 (or 4100) machine, the mechanisms of the 3300 and 3500 are so similar to those on the larger 
machine that the user of the latter drafter will have no difficulty following the instructions given herein. 

Warranty 
 

VEMCO Drafting Machines Are Guaranteed Unconditionally against defects in material or workmanship for a period of 
twenty-four months after receipt by the original user. When returned to the factory, the machine will be repaired without charge. 
Freight charges to the factory are to be paid by the customer with return freight charges to the customer to be paid by VEMCO. 
 

This warranty does not cover damages from such causes as abuse, accident, neglect or fire. 
 
 
 
 
 

 
 



 

Preparation for Use 
 

A. Attachment to the table (Figure 1) 
1. Hold the drafting machine as shown in the figure, with the 

elbow to the rear of the drafting board and supported by the 
right hand, while the drafting head rests on the board near 
its upper edge and the clamp rests in the left hand. Now 
press the clamp snugly against the upper edge of the board 
and tighten the screw securely. This is important, as the 
clamp establishes the reference direction for the work. 
Throughout this operation hold the elbow high, keeping the 
load off the clamp until it has been tightened.  

2. If the machine is not equipped with the VERSATILT 
counterpoise, you need not hold the elbow to the rear of the 
board. However, the elbow must be supported so as to 
keep the load off the clamp until it has been pressed snugly 
against the board and tightened. 

3. Except on long boards, most draftsmen place the clamp 
just far enough from the left-hand edge to keep the elbow 
from projecting off the board. However the clamp can be 
readily released and moved to any other position. 

4. Check the tightness of the clamp screw occasionally, as it 
may become loose by compressing the wood of the 
drawing board. 

 

 
Figure 1 

B. Scale Insertion and Removal (Figure 2) 
1. To insert a scale in the instrument, place it flat on the 

board in line with the scale chuck on the machine.  
Firmly press, but do not drive, the chuck-plate on the 
scale into the chuck. 

2. The scale can readily be released by means of the 
scale wrench as shown in Fig. 3. With the pin side of 
the wrench downwards, slip the wrench over the screw 
Ø and turn clockwise, thus pressing the curved section 
B strongly against section A of the scale chuck. It no 
scale wrench is available the scale can be removed as 
follows: steady the drafting head with the left hand 
while the outer edge of the right hand strikes the scale 
a sharp blow with a sliding movement away from the 
head. 

 
Figure 2 
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Preparation for Use (Cont.) 
 

C. Aligning Scales  (Figures 3 & 4) 
1. To adjust the scales at right angles to each other, first remove 

both scales from the machine and make certain that their 
flat-head screws are tight and their round-head screws are 
loose, Note that there is a convenient screwdriver on the end of 
the scale wrench, which can be used to turn the chuck plate 
screws. Adjust one of the chuck plates on the horizontal scale 
so that the round-head screw is near the center of the 
elongated hole in the chuck plate; then tighten this round head 
screw. Insert this chuck plate into the horizontal chuck, and also 
insert the vertical scale. With the protractor reading zero, draw 
a reference line with the horizontal scale as straight-edge. Turn 
the horizontal scale end for end, align the scale parallel to the 
reference line, and tighten the other round-head screw. 

2. Now index the head 90 degrees clockwise, as shown in Fig. 3, 
and adjust the vertical scale in the same manner and along the 
same reference line. 

3. For satisfactory results the screws on the scales must be tight 
and the chuck-plates on the scales firmly pressed into the 
chucks. 

 
Figure 3 

 

 
Figure 4 

 
 
 
 
 
 
 
 
 



 
 
 

Preparation for Use (Cont.) 
 

D. Adjusting Brakes (Figure 5) 
1. Brakes have been provided at the support and elbow (support 

brake only for Models 3300 and 3500) to prevent the machine 
from sliding down a moderately inclined drawing board. The 
rounded edge of the scale wrench is a convenient tool to adjust 
these brakes, and the draftsman will have no difficulty in 
tightening them such that the head will not slide when it is 
placed in an area of the board which he is using. Do not tighten 
the brakes any more than necessary. 

2. Machines without Versatilt (2100 and 3100), or elbow brakes 
(3300and 3500), should not be inclined above 8 degrees. 

 
Figure 5 

 

E. VEMCO VERSATILT (Figure 6) 
In the VEMCO VERSATILT, the support brake is replaced by a 
spring counterbalance. By adjusting the tension of the spring this 
machine can be used on boards tilted at angles up to 25 degrees. 
To change the tension, slip the rounded edge of the scale wrench 
into the slot in the tension screw and turn. Make the adjustment 
with the elbow brake loose, changing the tension until the machine 
balances in the position shown in the figure. If the drafting head 
slides when placed in some other position, correct this by tightening 
the elbow brake a little. 

 
 

 
Figure 6 

 

 
 
 
 



 
 
 
 

Good Drafting Machine Practice 
 

The VEMCO drafter, like other precision instruments, will give good service it properly handled. An effective technique can be acquired only by 
practice, but it is hoped that the following suggestions will be of assistance: 

1. In ruling lines, press the pencil lightly against the edge of the scale. Because of the leverage resulting from their length, the scales may be 
deflected by pressure near their tree ends. Therefore, when working near the tree end of a scale it is important to hold the scale near the 
middle with one hand while ruling with the other, 

2. Do not subject the mechanism to sudden shocks as they may disturb some adjustment. Shocks may result from bringing the head violently 
down upon the drafting board, throwing the scale arm sharply to the desired angle when indexing, or from bumping the scales into the clamp 
or some heavy object on the drawing board. Such bumping may nick the edge of any scale or break a plastic scale in two. 

3. Use of the machine at steeper board angles than it was designed for may result in repeatability problems and will place undue stress on bands 
and pulleys. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Operation 
 

A. Indexing (Figure 7) 
The baseplate, or protractor arm, can be indexed readily at 
multiples of 15 degrees. To change the setting from one of these 
angles to another, first make sure that the protractor brake wing nut 
is released: then press the indexing thumb-piece with the left 
thumb, rotate the base-plate to the desired position, and release the 
thumb-piece, permitting the indexing mechanism to tall into place 
and lock.  

Figure 7 
 

B. Intermediate Angles (Figure 8) 
To set oft an angle other than a multiple of 15 degrees, first 
disengage the indexing mechanism by pressing the indexing 
thumb-piece, moving it vertically downward, and releasing it, as 
indicated by the bent arrow in Fig. 8. Rotate the protractor arm with 
the right hand on the tar end of the horizontal scale until the desired 
angle is indicated by the vernier. Now lock the arm by means of the 
protractor brake wing nut.  To re-engage the indexing mechanism, 
press the thumb-piece, move it vertically up, and release it. 

 
Figure 8 

 

C. Base-Line Setting (Figure 9) 
With the indexing mechanism locked at zero, release the base-line 
wing nut.  Now set one of the scales in alignment with any desired 
base-line and lock the setting by tightening the wing nut. The 
base-line wing nut must be tight to prevent the adjustment from 
slipping and to clear the protractor brake wing nut. It can be 
loosened, even when very tight, by bearing against the wing nut 
with the stiff left thumb, and rotating the hand about the handle held 
in the fingers 

 
Figure 9 

 



 
 

Operation (cont.) 
 

D. Use of Vernier (Figure 10) 
Although most draftsmen are familiar with the use of a vernier, many 
students and other beginners have never used this convenient device for 
reading and setting sub-divisions of a basic scale unit. The protractors of 
VEMCO Models 2100, 4100, 3300 and 3500 drafting machines are divided 
into one-degree units with verniers which enable the draftsman to make 
readings to 5 minutes, while the Civil Engineer's machines have half-degree 
protractors and one-minute verniers. The vernier principle will be illustrated 
with the standard one-degree protractor. 

READING ANGLES:   
We will assume the vernier is set at a positive angle.  First 
note that the reading is between 7º and 8º. Then find the 
5-minute mark on the upper half of the vernier which is 
most closely in alignment with a degree mark on the 
protractor -in this case, the 40-minute mark. The correct 
reading is 7º40'. The procedure is only slightly different for 
reading negative angles. In this case the lower half of the 
vernier is used and the reading is 4º25'. 

SETTING ANGLES:  
Suppose one wishes to set an angle of 7º40'. First release 
the protractor brake and disengage the indexing 
mechanism as previously described. Rotate the protractor 
arm until the zero of the vernier is at 7º. Then slowly rotate 
the protractor arm counter-clockwise until the 40-minute 
mark on the upper half of the vernier is precisely aligned 
with the nearest degree mark on the protractor. Finally, lock 
the protractor brake. Again the procedure for setting 
negative angles is essentially the same except that the 
protractor arm is rotated clockwise from the 4-degree mark 
until the 25-minute mark on the lower halt of the vernier is 
aligned with the nearest degree mark on the protractor. 

 

 
Figure 10 

 
 
 
 
 
 



 
 
 
 

Adjustments 
A. Elbow Elevation (Figures 11 & 12) 
The object of this adjustment is to so fix the height of the elbow so that the 
scales on the protractor arm will lie flat as they are moved over the table. 
Since the machine has been adjusted at the factory on a perfectly flat 
surface and the adjustment is held rather securely, one should not be hasty 
in making any change, but should first test it in the following manner. 

1. Clamp the machine to the table, place the drafting head so that 
the arms are at approximately 90 degrees to each other, and 
attach the scales in the usual manner. Now press the indexing 
thumb piece and swing the scales about the drafting head until 
the horizontal scale points away from the lower arm and 
approximately parallel to it as shown.  If this scale now slides in 
and out of its chuck without raising either scale or baseplate, 
the elbow elevation is correct. If the baseplate must be raised to 
insert the scale, then the elbow is too high, similarly, if the scale 
must be raised, the elbow is too low.   

2. If the discrepancy is large, then it probably results, for the most 
part, from a warped table Usually it can be corrected by strips 
of cardboard under the clamp. If the discrepancy is small, it 
may be corrected by adjusting the elbow elevation as described 
in the following paragraph. 

3. The elbow elevation is controlled by means of the adjusting 
screws as shown on Fig. 12.  First loosen the lower screw 
slightly with a screw-driver, then loosen the upper screw by 
hand a halt turn or so. Now adjust the elbow by means of the 
lower screw, using the screw-driver. Loosening this screw 
lowers the elbow, while tightening it raises the elbow. It is best 
to support the elbow by hand while adjusting this screw in order 
to take the load off the lower screw. 

4. When the elbow elevation is correct, tighten the upper screw by 
hand. Then, in order to tighten the lower screw without 
disturbing the adjustment, proceed by first slightly loosening it 
and then further tightening the upper screw before finally setting 
the lower screw tight. 

NOTE: It is important that the clamp be secure and firmly seated against the 
edge of the board. Some boards have depressed edges and require the use 
of a shim to achieve flush mounting. A shim is included with each machine 
along with instructions for its use. 

 
Figure 11 

 

 
Figure 12 



 
 
 

Adjustments (cont.) 
 

B. Removing Band Covers  (Figure 13) 
Grasp the band cover near the center with the thumb and forefinger 
of one hand and raise it firmly so that it bows upward as shown in 
Fig. 13. When approximately the central third of the cover is raised 
clear of the band, swing it slowly but firmly to the side away from 
the tubular arm, at the same time working one end free from the 
bracket by means of the thumb and forefinger of the free hand. The 
other end can then be withdrawn from its bracket. When installing, 
put one end down over the band and slide into the adjacent 
bracket, then do the same with the other end and work the central 
part down over the band. Work the cover along until the projections 
near the ends are equidistant from their respective brackets. 

 
Figure 13 

C. Band Tension (Figure 14) 
1. To adjust the tension of one of the bands, insert the pin of the scale 

wrench in a pin hole of the upper or lower elbow bracket, and then 
place the short end of the tube wrench in the hole of the 
corresponding arm, While pressing the pin firmly into the pinhole, 
rotate the tube by means of the longer end of the tube wrench until 
the pin seats itself. Continued rotation will now tighten or loosen the 
band. As one looks along an arm in the direction of the elbow, a 
counter-clockwise rotation of the tube will tighten the band. 

2. You will probably find it best to remove the band covers before 
attempting this adjustment in order to estimate the tension of the 
bands. The band should be tightened until it gives a distinctly 
audible humming note when plucked with the fingers. Nothing is 
gained by tightening the band beyond the point where it is secure 
against slipping about the pulleys. Excessive tension of the lower 
band may cause the head to bind. With a little experience the band 
tension can be tested with the band covers in place by squeezing 
them upon the bands. 

3. If the band has not been made sufficiently tight it may work out of 
the pulley grooves. This is indicated by errors in alignment. Correct 
the difficulty by loosening the band in accordance with the 
instructions in the foregoing paragraph and then sliding the band 
along the pulley until it is properly seated in the groove, then tighten 
the band 

 
Figure 14 



 
 

Adjustments (cont.) 
D. Changing Bands (Figure 15) 

1. If it becomes necessary to change bands, proceed as follows: First 
remove the band covers as already described, Then loosen the 
band in the manner indicated under "Band Tension," making certain 
that the end of the tube is pressed tightly toward the elbow while 
being rotated. Otherwise the thrust screw head will poll away from 
the band-tightening pin which has been inserted in the pin hole. The 
tube should be rotated until it actually comes to a stop. Now press 
the elbow bracket and the head bracket, or the support bracket, as 
the case may be, as closely together as possible and slide the band 
down out of its groove in the head pulley or mast pulley. In 
removing the lower band, it is necessary to rotate the entire head 
so that the base-line wing nut (Fig. 15) is approximately under the 
arm in order that it not interfere with the band when it is slid 
downward out of its groove. Next, remove the band from its groove 
in the elbow pulley and you will find that there is sufficient slack in 
the band to permit its removal from the elbow bracket. This 
operation is easiest to perform it the protractor head is placed near 
the clamp so that there is only a small angle between the arms. 
After this step, the parts can be separated. 

2. In assembling, simply reverse the process. Before finally tightening 
the band, check again to make certain that the band is in the pulley 
grooves, also see that the base-line wing nut is conveniently 
positioned as described in the next paragraph. 

 
E. Base-Line Wing Nut Position (Figure 15) 

For greatest convenience, the base-line wing nut should occupy a 
position approximately as shown on Fig. 15. The drafting machine 
is usually clamped at the back edge of the table as previously 
shown. However, some draftsmen prefer to have it attached to the 
left-hand edge and when this is done the base-line wing nut may be 
near the vernier, a very undesirable position. To position this wing 
nut properly, it is only necessary to loosen the band as previously 
described, rotate the entire head until the wing nut is properly 
positioned, and then tighten the band. 

 
Figure 15 

 
 
 
 
 



 
 
 

Adjustments (cont.) 
 

F. Vernier Adjustment 
Set one of the zero points on the protractor opposite the zero point 
on the vernier and lock it there by means of the thumb-controlled 
indexing mechanism. If these two zero points are not exactly 
opposite each other, loosen the vernier plate screws (Fig. 16), and 
press the vernier-plate away from the protractor. Now insert two 
small pieces of thin paper between the protractor and either end of 
the vernier-plate to give clearance; press the latter against the 
protractor lightly and partly tighten the screws. By lightly tapping 
with a pencil, or with a small wooden block, slide the vernier plate 
until the two zero points are exactly opposite and tighten the 
screws. Now remove the pieces of paper and the protractor will be 
found to work sufficiently close to the vernier for good reading and 
without binding. 

 
 

Figure 16 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Maintenance and Repairs 
It difficulty develops in the operation of a VEMCO drafting machine, in most cases a minor adjustment will correct the situation. The user wil I be able to 
make the following examinations and corrections himself, but if he is unsuccessful in obtaining satisfactory operation, he should refer to the section of 
Factory Service below. 
A. Alignment:   

If the scales of head seem loose, or if, for any reason, the parallel motion of the machine appears faulty the following points should be checked: 
1. THE SUPPORT CLAMP: See that the clamp is tight and snug against the edge of the board. If the board is too thin it may be 

necessary to place a block of wood between the lower surface of the board and the clamp screw washer. 
2. THE SCALES: Make sure that the scales are set firmly in their chucks, that they are aligned as previously described, and that both 

scale screws are tight. A damaged scale chuck plate may not seat itself properly in the chuck, and it may be necessary to replace it. 
3. BAND TENSION: It the bands are not sufficiently tight the pulleys can slip and cause alignment error.  The bands can be tightened as 

previously described, but they should not be over-tightened. 
B. Scales 

If the scales do not lie flat on the drafting board, check the following points] 
1. FLATNESS OF BOARD: The board can be tested for sags and ridges by means of a straight-edge. Badly warped boards will not give 

satisfactory surface and can cause the scales to not lie flat in certain positions. Sometimes the difficulty can be partially corrected by 
placing strips of cardboard under the clamp. 

2. FAULTY SCALES: Make sure the scales are of approximately the same thickness and are straight. It is possible to straighten an 
aluminum scale, but a badly warped plastic or wooden scale may have to be replaced. 

3. FLATNESS OF BASE PLATE~ Unclamp the machine and place it on a table bottom side up. Check the flatness of the base plate with 
a scale, and look for bending particularly where the scale chucks project from the baseplate. With care, these parts may be 
straightened by hand. 

4. ELBOW ELEVATION: This can be tested and corrected as previously described. 
C. Factory Service 

If a difficulty develops which cannot be corrected by the above procedures, the user should contact his dealer or write the factory to explain the 
problem. It factory service is required; the machine should be properly packed and insured to cover possible damages in shipping. 

 
Vemco Drafting Products Corporation is not responsible for damage due to packaging or shipping. 

 
 
 
 
 
 
 
 
 
 
 



Civil Engineer's Machine 
 
The only differences between Civil Engineer's machines (Models 3100 and 
5100) and the Standard Machine are in the construction of the protractor 
head. The Civil Engineer's protractor is divided in half degrees and is 
marked 0-360 degrees in addition to the usual 0-90 degree quadrant 
numbering. The vernier is made to permit readings accurate to one minute, 
and the machine is equipped with a magnifying glass. Also, the Civil 
Engineer's head has no indexing mechanism but is equipped with a 
micrometer knob and gear to permit precise angular settings to be made 
easily and quickly. 
 
All of the instructions in this booklet except those pertaining to the indexing 
mechanism apply to Civil Engineer's machines. Although inserting and 
aligning scales is accomplished in essentially the same manner as 
previously described, it should be noted that, because the Civil Engineer's 
machine has no indexing mechanism, it is necessary to use the protractor 
brake when turning the baseplate 90 degrees for aligning the vertical scale. 
 
This machine duplicates on a map the operations of a transit in the field, the 
edge of the scale taking the place of the line of collimation of the telescope. 
The motion of the scale arm relative to the protractor represents the “upper 
motion”. The motion of the protractor relative to the pulley represents the 
“lower motion”. The "upper motion" is clamped, or released, by the 
protractor brake wing nut (Fig. 17). Similarly, the "lower motion" is clamped, 
or released, by the base-line wing nut. 
 
The main purpose of the Civil Engineer's machine is to set off accurate 
angles with respect to a line, which may occupy any azimuth in the entire 
circle. This is accomplished as follows: 
! Release the protractor brake wing nut (Fig. 17) and tighten the 

base-line wing nut.  
With the left hand placed on the handle to steady it, place the right hand on 
the remote end of the horizontal scale and move it until the vernier is 
precisely at the zero position of the protractor. The final adjustment may be 
made with the micrometer knob, 

 
Fig 17 

 
 
 
 
 
 



 

Civil Engineer's Machine (cont.) 
 

Caution. Never force the micrometer screw (Fig. 17). If the protractor  
brake wing nut is tight, the parts of the head cannot move, and forcing the 
micrometer screw may result in some injury to the machine. 
! Next, tighten the protractor brake wing nut and release the 

base-line wing nut. Again, with the left hand on the handle, place 
the right hand on the remote end of the scale and rotate it until it is 
in precise alignment with the line from which one or more angles 
are to beset off, then tighten the base-line wing nut.  

! To set the scale at a given angle, release the protractor brake nut 
and set the vernier at this angle, either by rotating the scale as 
described above or by means of the micrometer knob, 

The user may occasionally find it necessary to adjust to a new base line, 
which has a definite angular relationship with an original base line. This may 
be accomplished by either of the two following methods: 

METHOD 1. Release the protractor brake, set the vernier at the 
required angle, and rule a line with the horizontal scale. Then return 
the vernier setting to zero, release the base-line wing-nut and set 
the horizontal scale on the ruled line. 
METHOD 2. It one is not already available, rule a line to represent 
the original base line. Release the protractor brake, set the vernier 
at an angle, which is the negative of the new base-line angle, and 
tighten the brake. Release the base-line wing-nut and set the 
horizontal scale along the original base line. A zero vernier reading 
will now correspond to the horizontal scale being parallel to the new 
base line. 

 

 
Fig 17 

 
 
 
 
 
 
 
 
 
 
 
 
 



Models 2100, 3100, 4100, 5100 
Drafting Machine Parts List 

 

 



 

Models 2100 & 4100 
Drafting Head Assembly Parts List 

 
 
 
 
 
 



 
 

Models 3100 & 5100 
Drafting Head Assembly Parts List 

 

 
 
 
 
 



 

Models 3300 & 3500 
Drafting Machine Parts List 

 

 
 
 
 
 



 

Models  3300 & 3500 
Drafting Head Parts List 
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