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Origin  of  Work  and  Nature of  Investi  ation: 

The office  of the D.C.I.A. (G),  Department 

of National Defence, Ottawa, Ontario, submitted, on 

August  19th, 1940, some wrenches  and  wrench socket 

adaptors  made  by  four different manufacturera. A 

report  was roquosted which would L;i.ve  comparative 
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measurements of their quality. 

Macro-Examinationg 

The adaptors are steel cylinders. One end 

has a square hole made to fit  the  ratchet wrench. The 

other end has a 12-cornered hole made to fit a standard 

hexagonal nut. 

The flat wrenches or gpanners have U-shaped 

jaws set at about leVe from the handle. The cross-

section of the handle varies with the different makes, 

thus, 

The "Blue Point" le a flattened oval; the "Mater 

 Alloy" is a dumb-bell shape; und the "Gray Dreadnaught" 

Is a flattened oval. 

The MASTER ALLOY tools had defects of manu-

facture, as follows 

(1) The socket adaptor had a forging "lap" or cavity. 

(2) The MASTER ALLOY flat spanner had one end ground 

out to a larger size. This grinding had been 

done by hand. 

Appearance and surface finish of the BLUE-POINT 

wrench were superior to those of the MASTER ALLOY tools 

and the GRAY spanner. 

Soept eaptorsg 

&"Snap-On" adaptor for a R-inch bolt was cut 

 in half and the thin collar with the 12-cornered hole 

was compressed. Fracture occurred in four places at 

90° intervals. There did not appear to be any distortion. 

A MASTER ALLOY adaptor socket for a 1-1/16th inch 



F.22.1...Lux_'s 3. Figure 4. 

1000X. 
(Nital etched) 

2000X. 
(Nital etched) 

C'à 

SNAP-ON adaptor. 

546 Vickers H.  N. 

415 	a 

MASTER ALLOY adaptor. 

Hardness Tests: 

BLUE-POINT flat spanner 

MASTER ALLOY n  
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(Microstructure, cont/d) - 

GRAY DREADNAUGHT 	 444 Vickers Ho N. (Core) 

157 	n  n  (Skin) 

There was a soft decarburized skin on the 

GRAY wrench which was over 0c003 inch in thickness. 

flysi..011  Testa: 

In order to duplicate service conditions, the 

wrenches were tested in a fixture as shown in Figure 5. 

(Continued on next page) 
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(Physical Tests, cont , d) - 

Figure 5.  (fel) 

Wrench-testing fixture: 

(A) Hardened mandrel. 
(B) Point of loading. 
(C) Deformation gauge, 

With this equipment it was possible to 

measul'e the force and the distance through which it 

was exerted before failure of the wrench:, In order to 

find out how much energy is required to cause failure 

in a wrench, the following equation is used: 

Max. load 	Ins.  deflection 
X 

2 	 12  
= Foot pounds. 

The results obtained are tabulated below: 

(Continued on next page) 



34 foot pounds. 	Fracture at 
base of jaw. 

alla BLUE-POINT 

mi. Ma 15 

Mr• «M. 13. 

MASTER ALLOY, 
No. 1 

MASTER ALLOY, 
No. 2 

Deformed jaw. 

ft ■•■ 1111» 

GRAY 
DREADNAUGHT It 	 If 	 t1 
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(Physical Tests, contld) 

Tool, Type of 
failure. 

Maximum foot 
pounds absorbed 
without any damage 

to wrench.  

(Note: 	Load and deflection curves 

for these wrenches are shown in 

Figures 6, 7, 8, and 9.) 

(i;ee following pages for 
Figures 6, 7, 8, and 9) 
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Discussion of Results: 

The MASTER ALLOY tools and the GRAY DREADNAUGHT 

tools are about half as good as the SNAP-OH tools. The 

MASTER ALLOY tools are not forged properly. The seam 

shown in Figures 1 and 2 indicates improper forging. 

.The practice of grinding out the jaws by hand to a 

larger size results in rough e  poorly fitting jaws. 

GRAY DREADNAUGHT tools-have a soft skin. Tools 

develop burrs and nicks through rough handling. 

The BLUE-POINT wrench will absorb twice as 

much punishment as the MASTER ALLOY wrench and three 

times as much as the GRAY wrench before damage occurs. 

Wrenches are required to be very tough and very 

hard. This condition is met best by the austempering 

type of heat treatment. Tho superiority Of the American 

tools may be due in part to their heat troatment e  which 

results in a structure similar to austempered structures. 

The Canadian tools apparently were given a 

quench-and-draw treatment0 

pescr:t_aionq ofj.loat Tr,eatmentyrocessesy 

Austefflorirr,  . 

The steel is heated until it in omplotely 

austenitic. It is then plunged into a molten salt or 

low-melting alloy bath and hold there for a definite 

length of time. Tomporatures usd  range fro:u 350 4)  to 

800° Walla of quuclohîng •üpen(ls on temperature and 

type of steel. 

Quench-and-Draw Process 

The steel Is heated to some suitable tempera- 
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(Descriptions of Heat Treatment Processes o  cont 9 d) 

ture above its "criticalu range until it is completely 

austenitio. Next »  it in quenched in water or oilp 

depending upon Its mass and composition s  to give an 

extremely hard martensitic structure. The steel is 

thon tempered by re-heating to some temperature between 

375 °  and 1 0 000 °  F. Control of properties of tempered . 

steels is obtained by varying either tempering tempera

ture or tempering time. 
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